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Begleitwort

Der Jahresberi
ht des Physik-Instituts f�ur das Jahr 2000 belegt die rei
hhaltige Fors
hungs-

t�atigkeit in den beiden S
hwerpunktsberei
hen Physik der kondensierten Materie und El-

ementarteil
henphysik. F�ur einmal verzi
hte i
h darauf besonders bedeutende Ereignisse

herauszugreifen. Stattdessen m�o
hte i
h die Pers�onli
hkeit und au
h die Fors
hungst�atigkeit

des im Februar 2001 zur�u
kgetretenen, langj�ahrigen Mitglieds und Direktors des Physik-

Instituts Prof. Dr. Roland Engfer w�urdigen.

I
h habe, vor 35 Jahren, an der S
uola di Fisi
a Ettore Majorana in Varenna am Comer

See, an die i
h als Doktorand ges
hi
kt wurde, Roland Engfer das erste Mal zuh�oren d�urfen

- muonis
he Atome waren das Thema seines enthusiastis
hen Vortrages, etwas was seine

Darmst�adter Gruppe am Europ�ais
hen Kernfors
hungszentrum CERN in Genf gerade un-

tersu
hte. Muonis
he Atome sind eine exotis
he Spezies von Atomen, bei denen ein negativ

geladenes Muon mit dem Kern ein wassersto��ahnli
hes System bildet. Die Spektroskopie

sol
her Atome lehrt uns, wie im Atomkern Ladungen und magnetis
he Momente verteilt sind.

Den Muonen ist er mit gutem Grund treu geblieben, wie uns die Arbeiten seiner Gruppe in

diesem Beri
ht zeigen.

Neun Jahre sp�ater, 1975, na
h der Habilitation in Darmstadt, wo sein Lehrer und Mentor

Peter Brix t�atig war, na
h dem We
hsel zum S
hweizeris
hen Institut f�ur Nuklearfors
hung,

dem heutigen Paul-S
herrer Institut, und der Umhabilitation an die ETH wurde Roland

Engfer an unsere Universit�at berufen, als Na
hfolger von Hans Staub.

Wir haben ihn seitdem in vielen Rollen kennengelernt - traditionell einem Professor geb�uh-

rende und au
h ungeb�uhrli
he, und immer gelang es ihm irgendetwas aus der einen Rolle in

die andere hin�uber zu retten. Einige dieser Rollen sollen erw�ahnt werden.

Velorennen fuhr der junge Roland - vor wenigen Jahren sogar no
h im Aargauer Senioren-

Cir
uit - und dies bes
herte ihm ein grosses Herz, medizinis
h ni
ht unbedingt ein Vorteil,

ausser man ist als Institutsdirektor f�ur viele zust�andig, wie er das w�ahrend sieben Jahren war.

Mit dem Mountainbike demonstrierte er auf H�orsaaltreppen Biome
hanik in der grossen Vor-

lesung. Als Vorsitzender des Betriebsauss
huss Universit�at Z�uri
h Ir
hel k�ampfte er erfolg-

rei
h f�ur mehr Velost�ander, aber au
h, ni
ht ganz so erfolgrei
h, gegen Verwaltungswillk�ur

wie weiland sein Namenspatron f�ur mehr Freiheitsre
hte unter kaiserli
her Obhut.

Der Bergsteiger Engfer nutzte seine Fertigkeiten und liess si
h von der H�orsaalde
ke herab

abseilen, und redete dabei �uber Reibung, Energiesatz und W�armeentwi
klung. Das Berlin

der Vor- und Na
hkriegszeit pr�agte den jungen Roland, spra
hli
h und anderweitig, preussi-

s
hes Umfeld zwar, das an P
i
ht gemahnt, aber au
h, mit seinem Humor ironis
he Distanz

erlaubt, ein Umfeld aber au
h, das ein soziales Gewissen f�ordert und autorit�ares Verhalten

meidet, Eigens
haften, die einem Institutsdirektor wohl anstanden.

Wie der Velofahrer Engfer gerne ignorierte, dass Ampeln au
h einmal auf rot ges
haltet

sein k�onnen, widmete der Experimentator Engfer der Frage, ist Verbotenes wirkli
h verboten,

oder anders ausgedr�u
kt, ist Null wirkli
h null. Hier komme i
h auf das Muon zur�u
k. Es ist

eine n�utzli
he Erfahrung der Teil
henphysik, dass die Zahl der zur Muonfamilie geh�orenden

Leptonen und die Zahl der zur Elektronfamilie geh�orenden Leptonen in einer Reaktion er-

halten sind. Diese Erfahrung ist theoretis
h ni
ht begr�undbar. Als Engfer in Z�uri
h begann,

wusste man, dass wenn ein Muon in zwei Elektronen und ein Positron zerf�allt, etwas was also

na
h dem obigen Satz verboten ist, dies h�o
hstens mit einer Wahrs
heinli
hkeit von 10

�8

passiert. Heute liegt die Obergrenze dank Engfer bei 10

�12

. In einen anderen Prozess er-

rei
hte Engfer's Gruppe die no
h tiefere Grenze 5�10

�13

. I
h denke, dass wir no
h einmal 25

Jahre werden warten m�ussen, bevor wir eine signi�kante Verbesserung dieser Grenzen erleben

werden.



ii

Zu seinem 60. Geburtstag haben seine Mitarbeiter Roland Engfer eine Imkerausr�ustung

ges
henkt. Dies ist eine der Rollen, die er wohl na
h seinem R�u
ktritt spielen wird. Eine weit-

ere zei
hnete si
h im vorletzten Sommer ab. Da erlebten ihn seine Freunde auf einem Berg

in der N�ahe von M�un
hen in der Rolle des Hobbyastronomen, des Sonnen�nsterniserhellers.

M�ussen wir dies als Vorbereitung auf seine neue Rolle als Druide na
h der Pensionierung se-

hen? I
h glaube ni
ht. Roland Engfer ist jemand, dem die F�ahigkeit zum Staunen geblieben

ist, etwas was alle guten Physiker jung erh�alt. Seine Begeisterung f�ur die Astronomie und die

Astrophysik hatte au
h f�ur unsere Fakult�at ihre Konsequenzen. Roland Engfer hat zusam-

men mit dem S
hweizeris
hen Wissens
haftsrat vor langen Jahren eine Tagung im Engadin

organisiert, die die Zukunft der Astrophysik in der S
hweiz zum Thema hatte. Mit der ab-

sehbaren Berufung eines Astrophysikers in der theoretis
hen Physik an der Universit�at und

einer komplement�aren Berufung eines experimentellen Astrophysikers an der ETH werden

seine Visionen in K�urze Realit�at.

I
h denke wir k�onnen Roland in Dankbarkeit f�ur seine Zukunft alles Gute w�uns
hen, und

ho�en, dass er sein Verspre
hen, den Kontakt zum Institut zu wahren, ni
ht vergisst.

Das Institut verlor 2000 altersbedingt zwei langj�ahrige, verdiente Mitarbeiter. Herr Albert

Streuli war ein sehr ges
h�atztes Mitglied der me
hanis
hen Werkstatt. Unter seinen H�anden

sind einige bemerkenswerte Detektorbauteile f�ur die Ho
henergiephysik entstanden. Eben-

falls die Altersgrenze errei
hte der Chef der elektronis
hen Werkstatt, Karl Esslinger, der

alle Entwi
klungen der Detektor- und Leistungselektronik vom R�ohren-, �uber das Transis-

torzeitalter bis hin zu den Surfa
e Mounted Devi
es mitgestaltete. Ihm geb�uhrt besonderer

Dank, und die von ihm konzipierten Ho
hfrequenzsysteme werden no
h eine Weile in unseren

Apparaturen aktiv bleiben. Au
h diesen beiden w�uns
hen wir einen gefreuten Ruhestand.

S
hliessli
h gibt es ein weiteres, f�ur die Fors
hungsf�orderung wi
htiges Ereignis des Jahres

2000 zu vermelden. Der Entde
ker der Ho
htemperatur-Supraleitung Prof. Dr. Dr. h
. mult.

K. Alex M�uller, Physik-Nobelpreistr�ager 1987 und Honorarprofessor der Universit�at Z�uri
h,

hat eine massgebli
he Stiftung zur F�orderung der Fors
hung am Physik-Institut erri
htet.

Die Stiftung will am Physik-Institut arbeitende Fors
hungsgruppen bei der Ans
ha�ung von

Apparaten, bei der Anstellung von Mitarbeitern insbesondere von akademis
hem Na
hwu
hs,

in der Realisation internationaler Zusammenarbeit und bei der wirts
haftli
hen Nutzung von

Fors
hungsresultaten unterst�utzen.

Prof. M�uller will mit seiner grossz�ugigen Geste au
h verdanken, dass man ihm als jungen

in der Industrie arbeitendem Physiker an der Universit�at Z�uri
h unb�urokratis
h s
hnell die

M�ogli
hkeit gab zu lehren, Kontakt zur Ho
hs
hule und Studierenden zu wahren, und ihm

au
h jetzt no
h, na
h Emeritierung die M�ogli
hkeit bietet, si
h aktiv an der Fors
hung zu

beteiligen. Die andauernde Pr�asenz in den Seminarien, der o�ene Zugang, den Fors
hende

und Studierende jederzeit zu K. Alex M�uller f�ur Diskussionen und Rats
hl�age �nden, und

seine weitrei
henden Kontakte berei
hern das intellektuelle Leben im Institut ungemein.

Der Jahresberi
ht

1

ist in englis
her Spra
he abgefasst. Dies erlei
htert die Kommu-

nikation innerhalb internationalen Kollaborationen, und erlaubt es, Teile dieses Beri
ht den

fors
hungsf�ordernden Instanzen und ihren Guta
htern als Re
hens
haftsberi
ht vorzulegen.

Z�uri
h, im April 2001

Prof. Dr. Peter Tru�ol

1

Der Jahresberi
ht ist au
h �uber das Internet einsehbar: http://www.physik.unizh.
h/jb/
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1 Measurement of the Gravitational Constant G

St. S
hlamminger and E. Holzs
huh

The goal of this experiment is a pre
ision measurement of the gravitational 
onstant G with

a proje
ted un
ertainty of 10 ppm. The experiment is lo
ated at the Paul-S
herrer-Institute

(PSI). All major parts are set up and are fun
tioning. Des
riptions may be found in previous

annual reports or in more detail in the dissertation of F. Nolting [1℄. The measurements of

G, whi
h he made, demonstrated the potential of the method but the size of his systemati


error (200 ppm) also indi
ated the need for further developments.

During the last year we have made extensive investigations of possible systemati
 e�e
ts.

Also solutions had to be found for the ne
essarily large improvements. Below we will des
ribe

what we have a
hieved so far. Unfortunately, our work at PSI had to be stopped at the end

of September. This is be
ause the building at PSI, where the experiment is lo
ated, is

being re
onstru
ted. We re
eived �rst information about this plan in July 2000 and the �nal

de
ision by PSI was made on 16. August. Hen
e we 
ould do little 
hanging our experimental

plans. The re
onstru
tion is still in progress.

The essential 
omponents of the experiment are a single-pan beam balan
e (Mettler

Toledo, type AT1006), two test masses and two large �eld masses. The test masses (1 kg

ea
h) are suspended with thin tungsten wires and alternately 
onne
ted to the balan
e. The

di�eren
e of their weights is measured and de�ned to be the signal. The �eld masses (two

stainless steel vessels, �lled with 6:7 tons of mer
ury) are moved between two positions and

their gravitational for
e on the test masses modulates the signal.

The key measuring devi
e of the experiment is thus the balan
e, and in fa
t, the dominant

systemati
 un
ertainties of the early measurements of G were related to the balan
e. There-

fore, our work 
on
entrated on understanding and redu
ing external disturban
es, lowering

the noise of the balan
e, and improving the 
alibration pro
edure.

The balan
e's reading is dire
tly a�e
ted by variations of temperature or tilt. We have

installed highly sensitive tilt meters with a resolution of 0:1�rad or 0:02 ar
 se
onds in two

orthogonal dire
tions. Observations made so far indi
ate a slow drift (of order 10�rad per

week) and a day-night modulation with a typi
al amplitude of 2�rad. It seems that at

least the periodi
 
hange of the tilt is indu
ed by 
hanges of the ambient temperature. To

�rst order a 
hange of tilt shifts the zero point of the balan
e whi
h if 
an
elled by taking

di�eren
es. We foresee no problems here.

The temperature of the balan
e is of prime importan
e. In last year's report we have

des
ribed the design of an elaborate stabilisation system. After some minor modi�
ations
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Figure 1.1: Temperature of the balan
e during an eight day period in 2000.
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Figure 1.2: Signal (measured weight di�eren
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y
le expanded by a fa
tor 700.

the system now works well. On long time s
ales the balan
e's temperature 
an be kept


onstant to within about one milli-Kelvin while the ambient temperature 
hanges by several

degrees.This is illustrated in �gure 1.1 showing data from an eight day run in 2000.

The stable temperature allowed us to investigate the properties of the balan
e more 
losely

as it was possible before. We found that the zero-point has a linear drift with a slope of 12�g

per day. The 
ause of the drift 
ould not yet be identi�ed. It may have its origin either in

the me
hani
s or the ele
troni
s of the balan
e. A linear drift of the zero-point is of 
ourse

no problem as it 
an
els pre
isely for the weight di�eren
e. The 
alibration of the balan
e

also has a linear drift, with a slope of order 0:1�g per gramme and per day. This should also

be no problem as the balan
e 
an be re-
alibrated several times a day.

We have made measurements to investigate and improve the noise of the balan
e. An

example is given in �gure 1.2 showing the measured signal (weight di�eren
e of the test

masses) as a fun
tion of time. The signal is modulated by the gravitational for
e of the �eld

masses. The root mean square deviation is 110 ng. This is suÆ
ient. A further redu
tion

of the required total measuring time is however still possible as the time for one data point

in �gure 1.2 was dominated by the time needed to ex
hange the test masses. With some

modi�
ations of the ex
hange me
hani
s and a new pro
edure we hope to a
hieve a redu
tion

by a fa
tor of about three. This work is in progress.

The balan
e must be 
alibrated with standard weights. Conversion to for
e is done using

the value of lo
al gravity (g) whi
h we know to eight de
imal pla
es. For the required

a

ura
y (5 ppm), a standard weight must be at least 0:2 g whi
h is mu
h larger than the

signal amplitude (785�g). If the response of the balan
e should not be stri
tly linear, a serious

systemati
 error may result. We found a simple solution for this problem. It is based on the

fa
t that we need only relate the average slope of the balan
e's response as determined by a

standard weight with the average slope over the signal amplitude. This 
an be a

omplished
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Figure 1.3: The 
alibration devi
e, mounted on a test stand.

by pla
ing a large number of small auxiliary weights on balan
e and forming an average over

the range of the 
alibration. A devi
e for doing so, in va
uum and under 
omputer 
ontrol,

has been built. A photograph is shown in �gure 1.3. The auxiliary weights were made from

stainless steel wire and form two sets with 16 pie
es ea
h. The masses in one set have nominal

values equal to the signal amplitude (785�g) while the masses of the other set are 16 times

larger. All pie
es have been adjusted su
h that the deviations from the nominal values do

not ex
eed 3�g. By 
ombination we 
an thus 
hange the auxiliary mass on the balan
e in

256 approximately equal steps. The auxiliary masses will initially rest on the two V-shaped

supports seen on the right in �gure 1.3. The supports 
an be moved in the verti
al dire
tion

using stepper motors, thereby pla
ing the auxiliary masses in a small frame whi
h will be

mounted on the balan
e's beam.

Initially there were some problems due to adhesive for
es, but now the devi
e seems to

work well and will be built into the experiment shortly. Provided, the re
onstru
tion at PSI

will be �nished in due time, we should be able to restart our measurements in the near future.

We thank the PSI for its hospitality and Mettler Toledo for the high pre
ision balan
e

and the 
alibration of various weights. We are grateful to metrote
 engineering for 
lose


ollaboration. The experiment was supported by the Swiss National S
ien
e Foundation, the

Dr. Tomalla Foundation, and the S
ienti�
 Resear
h Foundation of the University of Z�uri
h.
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2 Measurement of the Neutrino Magneti
 Moment at the

Bugey Nu
lear Rea
tor

C. Amsler, O. Link and H. Pruys

in 
ollaboration with:

Institut des S
ien
es Nu
l�eaires (Grenoble), Universit�e de Neu
hâtel, Universit�a di Padova

(MUNU Collaboration)

The aim of the MUNU experiment is to measure the magneti
 moment of the ele
tron neu-

trino. In the standard model the neutrino a
quires a magneti
 moment proportional to its

mass. With the present upper limit on the mass of the ele
tron neutrino the magneti
 moment

is of the order of 10

�18

�

B

. An experimental upper limit of 1:9 � 10

�10

�

B

(95% 
on�den
e

level) was reported from a rea
tor experiment [1℄. The Superkamiokande experiment ob-

tained an upper limit of 1:5� 10

�10

�

B

(90% 
on�den
e level) after 823 days of running [2℄.

Astrophysi
al upper limits, e.g. from SN1997A, are two orders of magnitude lower, but with

the restri
tion that neutrinos are Dira
 parti
les.

The experimental eviden
e for a large magneti
 moment would mean new physi
s beyond

the standard model. Extensions of the standard model, e.g. left-right symmetri
 models,

predi
t that the neutrino should have a large magneti
 moment. With a �nite magneti


moment the spin of a left-handed neutrino may 
ip due to the ele
tromagneti
 intera
tion, and

be
ome a \sterile" right-handed state whi
h does not intera
t, and hen
e is experimentally

invisible. The pre
ession of the magneti
 moment o�ers an alternative explanation to the

more fashionable MSW e�e
t for the de�
it of solar neutrinos: taking the un
ertainties in

the strength of the magneti
 �eld inside the sun into a

ount, one estimates that a magneti


moment in the range �

�

= 10

�10

� 10

�12

�

B

may explain the observed solar neutrino de�
it.

The MUNU experiment a
tually measures the magneti
 moment of anti-neutrinos �

e

from

a nu
lear rea
tor, using the elasti
 s
attering rea
tion �

e

e

�

! �

e

e

�

. This pro
ess is very

sensitive to the magneti
 moment of the �

e

, be
ause it is a pure leptoni
 and theoreti
ally well

understood weak pro
ess. The weak 
ross-se
tion in
reases linearly with neutrino energy, but

the ele
tromagneti
 
ontribution of the �nite magneti
 moment in
reases logarithmi
ally. It

is therefore advantageous to measure �

�

at low neutrino energies, e.g. with neutrinos from a

nu
lear rea
tor. MUNU uses a time proje
tion 
hamber (TPC) whi
h o�ers two advantages:

(i) we measure both the angle and the energy of the re
oil ele
tron - and hen
e 
an 
al
ulate

the neutrino energy -, (ii) we measure simultaneously the signal and the ba
kground, sin
e

ele
trons 
annot be s
attered in the ba
kward hemisphere. A �nite neutrino magneti
 moment

leads to an ex
ess of low energy ele
trons s
attered at large angles (near 90

Æ

), where the energy

be
omes very small. The MUNU experiment dete
ts s
attered ele
trons with a low energy

threshold of 300 keV.

The TPC (gaseous CF

4

at 3 bar) is lo
ated in a stainless steel tank, �lled with liquid

s
intillator to guard against 
osmi
 muons and Compton s
attering of low energy 


0

s. The

photomultipliers of the anti-Compton s
intillator operate at the level of one photo-ele
tron.

The dete
tion eÆ
ien
y is 97% for 
 energies above 100 keV. It also redu
es the 
osmi
 muon

rate of 65 Hz to 0.1 Hz. A detailed des
ription of the apparatus 
an be found in ref. [3℄ and

in previous annual reports.

In 1999 we repla
ed the oxisorb �lters purifying the TPC gas by smaller, low ba
kground

ones. A
tivity measurements 
on�rmed that zeolites in the oxisorb 
ontained mu
h higher

quantities of uranium than foreseen. The 
ounting rate of ele
trons with energies higher than

300 keV in the TPC then dropped by a fa
tor of 100, from 10 Hz to 0.1 Hz. For the �'s
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from the gas, the 
ounting rate dropped by a fa
tor 10

5

, from 35 to 5 � 10

�3

Hz. However,

the 
ounting rate from �'s emerging from the 
athode side remained 
onstant, at about 0.05

Hz. This ba
kground was tra
ed to the presen
e of

214

Bi (from the de
ay 
hain of radon)

implanted on the high voltage 
athode surfa
e. This nu
lide de
ays into stable

206

Pb through

a 
hain of delayed � and � emission whi
h generates ba
kground ele
trons in the TPC.
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Figure 2.1: Angular distribution of ba
k-

ground ele
trons during a rea
tor o� period.

The angle �(det) is measured with respe
t to

the z-axis of the TPC. The open histogram

refers to 300 keV threshold, the shaded his-

togram to 700 keV.

The high voltage 
athode was repla
ed during a 3 months period in summer 2000. After

repla
ement the � 
ounting rate asso
iated with the 
athode dropped by a fa
tor 10

2

, to an

a

eptable 5 � 10

�4

Hz. The angular distribution of ba
kground ele
trons during a rea
tor

o� period and after the repla
ement of the 
athode is shown in Fig. 2.1. There is no ele
tron

ex
ess from the 
athode side, but the number of ele
trons from the anode side remains

unpleasantly high. Above 700 keV (shaded histogram) the ba
kground distribution is fairly


at. We do not have any explanation so far for the observed ex
ess of low energy ele
trons.
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Figure 2.2: TPC gain (dots) and tem-

perature (
urve) as a fun
tion of time.

The 
athode was repla
ed on day 300.

Unfortunately a new problem arose from a leak in the a
ryli
 stru
ture of the TPC. After

repla
ing the 
athode we �ltered a few ml of liquid s
intillator every week from the gas 
ool

trap. The 
ontamination of the TPC gas with s
intillator vapour led to strong 
u
tuations
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in the anode signal gain. The gain is shown in Fig. 2.2 as a fun
tion of time (the TPC was


alibrated with 
osmi
 muons and a Mn sour
e). Strong 
u
tuations are observed around

days 400-480, when a leak from the anti-Compton shield was dis
overed.

Then in autumn 2000 an anode wire broke, indu
ing a short 
ir
uit with the neighbouring

readout plane. The anode was probably damaged be
ause of the strong ampli�
ation at day

480 (see Fig. 2.2). The dete
tor was opened and the damaged anode repaired. A
tually, we

ex
hanged the 
omplete anode plane to avoid the risk of breaking further wires. The work

was 
ompleted in February 2001 and the dete
tor again operated routinely at a CF

4

pressure

of 3 bar. The TPC high voltage is -37 kV (grid potential - 2000 V) and the maximum drift

time of 63 �s 
orresponds to a drift velo
ity of 2.5 
m/�s. Figure 2.3 shows the improvement

in the data 
olle
tion eÆ
ien
y in 1999 and 2000.

triggers

2000000

1750000

1500000

1250000

1000000

750000

500000

250000

50 100 150 200 250 300 350 400 450 500

days since 25.7.1999
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24.7-26.9

1.1.2000

new

runcontrol

replacement

of the

cathode

16.3-4.5

reactor

off

28.7-8.9

Figure 2.3: Triggers a

umulated during the last 400 days.

The ba
kground was studied in a 2 months rea
tor shutdown in summer 2000, within

whi
h we 
olle
ted 319,000 ba
kground events. The typi
al rate redu
tions by the online

trigger and o�-line analyses are as follows: without �ltering the 
ounting rate of the TPC

is about 65 Hz, mainly due to 
osmi
 muons whi
h are still numerous below the rea
tor

after 20 m of water equivalent. The 
ounting rate drops to 0.15 Hz after the muon and the

anti-Compton veto. With an energy threshold of 300 keV the 
ounting rate from ba
kground

ele
trons is 14 mHz, using a �du
ial volume 
ut applied to redu
e �-radioa
tivity from the

walls of the TPC.

Ele
tron events with no asso
iated low energy photon 
onverted in the anti-Compton are

then s
anned by eye. The angular distribution is shown in Fig. 2.4 as a fun
tion of re
oil angle

�. This distribution is not 
orre
ted for a

eptan
e and eÆ
ien
y. The shaded region around


os � =1 is the region in whi
h neutrino-ele
tron s
attering events would be expe
ted during

a rea
tor on run. The shaded events were obtained by requiring the measured ele
tron angle
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Figure 2.4: Angular distribution of

ba
kground ele
trons during a rea
tor

o� period. The angle � = 0 
orre-

sponds to ele
trons emitted in the dire
-

tion opposite to the rea
tor 
ore. The

shaded histogram 
ontains events with

the kinemati
al 
ondition that E

�

> 0

(see text). The energy threshold for the

ele
tron was 300 keV.

and energy to be 
onsistent with a positive neutrino energy, pretending that these events

were indu
ed by neutrinos from the rea
tor (� = 0) or from the dire
tion opposite to the

rea
tor (� = 180

Æ

).

We have so far s
anned 10% of the rea
tor o� period, 
orresponding to a 57 hours dead-

time 
orre
ted run. In the forward dire
tion one �nds 106:9� 6:6, in the ba
kward dire
tion

120:2�7:0 ele
trons/day. The ex
ess of ba
kward events is visible in Fig. 2.4. The ba
kground

seems to be anisotropi
, larger in the ba
kward dire
tion, but more statisti
s and a

eptan
e


orre
tions are needed.

During summer 2000 we also 
olle
ted 243,000 events with rea
tor on, of whi
h about 11%

were analyzed so far (
orresponding to a 62 hours run). One �nds 113:2 � 5:7 events/day

in the forward dire
tion and 109:3 � 5:6 events / day in the ba
kward dire
tion. The latter

agrees with rea
tor o�. Larger statisti
s samples are of 
ourse needed. From Monte Carlo

simulations one expe
ts 8.8 neutrino-ele
tron events/day at 3 bar, with a threshold of 300

keV and assuming �

�

= 0. The 
ounting rate in
reases to 13.1 events / day with a �nite

magneti
 moment of �

�

= 1:0�10

�10

�

B

. Our ba
kground over signal ratio is therefore about

10:1. Note that in ref. [1℄ the upper limit on the neutrino magneti
 moment was derived

with a mu
h worse ba
kground over signal ratio of 100:1.

The analysis of the data 
olle
ted after the repla
ement of the high voltage 
athode is

very promising as the 
ontaminating ba
kground was de
reased by a fa
tor of 100. During

the year 2001 we hope to 
olle
t neutrino data for 200 days after whi
h we 
ould rea
h an

upper limit for �

�

of a few 10

�11

�

B

. Data taking for this experiment should be 
ompleted

by the end of 2001.

Referen
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[2℄ J.F. Bea
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R. Engfer, E.A. Hermes, T. Kozlowski, G. Kurz, F. Rosenbaum,

A. van der S
haaf, P. Wintz, I. Zy
hor

in 
ollaboration with:

III. Phys. Institut der RWTH Aa
hen and PSI Villigen

SINDRUM II

Observations on solar and atmospheri
 neutrinos indi
ate that neutrinos mix so lepton 
avor

would not be 
onserved. SINDRUM II tests lepton-
avor 
onservation by a sear
h for �e


onversion in muoni
 atoms. The pro
ess would result in ele
trons at �xed momentum

(depending on atomi
 number) around 100MeV/
.

In re
ent years a dedi
ated beamline was brought into operation in the �E5 area at PSI.

The major element is a 9 m long super
ondu
ting magnet. In spring 2000, after a long

series of modi�
ations, reliable operation of this PMC magnet was obtained. In the following

months data were taken on gold. Conversion on a heavy nu
leus might be enhan
ed relative

to a medium Z target, su
h as titanium [1℄.

See Fig. 3.1 and Fig. 3.2 for a des
rip-

tion of the experimental setup.

Figure 3.1: Tra
es left by a 100 MeV/
 ele
-

tron. The parti
le made two full turns before

rea
hing an end
ap dete
tor. Fits to the par-

ti
le traje
tory are indi
ated.
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Figure 3.2: The SINDRUM II spe
trometer

during the year 2000 measurements. Muons

are transported to the gold target with the

help of a 9 m long super
ondu
ting solenoid


oupled dire
tly to the spe
trometer magnet.

Radiative pion 
apture (RPC), followed by e

+

e

�

pair produ
tion, 
an be a major sour
e

of ba
kground. A pion rea
hing the gold target has a 
han
e of order 10

�5

to produ
e an

ele
tron in the energy region of interest, so the pion stop rate must be below one every ten

minutes. At the PMC entran
e the beam 
ontains similar amounts of muons and pions. Sin
e

the pion range in matter is about half as large as the 
orresponding muon range the pion


ontamination 
an be redu
ed strongly with the help of a moderator at the PMC entran
e.

Only one out of 10

6

pions may 
ross this moderator. Typi
ally 99.9% of them would de
ay

before rea
hing the target. The requirement puts strong 
onstraints on the high-momentum

tail transported by the beam line whi
h 
ould be met after a 
areful optimization of the

beam settings. Figure 3.3 shows muon range distributions before and after the optimization

pro
edures. The dramati
 redu
tion of the tails in the range distribution was a
hieved at the


ost of � 30% loss in beam intensity.

The target (see Fig. 3.4) was produ
ed in a galvani
 pro
ess to ensure the high purity

required to suppress ba
kground from � de
ay in orbit in low- and medium-Z 
ontaminations.
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Figure 3.3: Muon range 
urves at 26 MeV/


nominal beam momentum. Stopped muons were

monitored through their de
ay ele
trons. Note a

dramati
 improvement in the slope obtained with

the new beam setting.

Figure 3.4: The hollow gold target (wall

thi
kness 30 mi
rons only).

Due to the lower muon binding energy su
h ba
kground rea
hes beyound the energy of the

hypotheti
al �e 
onversion ele
trons in gold (95.6 MeV).

During an e�e
tive measuring period of 75 days about 4�10

13

muons stopped in the gold

target. Figure 3.5 shows as a preliminary result various momentum distributions. The main

spe
trum, taken at 53 MeV/
, shows the steeply falling distribution expe
ted from muon
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Figure 3.5:

Momentum distributions

for three di�erent beam

momenta and polarities:

(i) 53 MeV/
 negative,

optimized for �

�

stops

(ii) 63 MeV/
 negative,

optimized for �

�

stops

(iii) 48 MeV/
 positive,

for �

+

stops.

The 63 MeV/
 data were

s
aled to the di�erent

measuring times. The �

+

data were taken at redu
ed

spe
trometer �eld.



10 REFERENCES

de
ay in orbit. Two events were found at higher momenta, but just outside the region of

interest. The agreement between measured and simulated positron distributions from �

+

de
ay gives us 
on�den
e in the momentum 
alibration. At present we have no hints about

the nature of the two high-momentum events: they might be indu
ed by 
osmi
 rays or RPC,

for example. Both pro
esses result in 
at momentum distributions su
h as shown by the data

taken at 63 MeV/
 (see Fig.3.5).

Presently we are still studying the various rates and eÆ
ien
ies that enter the 
al
ulation

of the new limit on the bran
hing ratio. As a preliminary result we obtain a single-event

sensitivity slightly below 2 � 10

�13

whi
h 
orresponds to a 90% C.L. upper limit below

5� 10

�13

. This 
onstitutes an improvement by two orders of magnitude of the previous best

result on a heavy target [2℄.

Referen
es
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es therein.

[2℄ SINDRUM II Collaboration, W. Hone
ker et al., Phys.Rev.Lett. 76 (1996), 200.
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Brookhaven National Laboratory, Upton, NY-11973, USA, University of New Mexi
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querque, NM-87131, USA, University of Pittsburgh, Pittsburgh, PA-15260, USA, Yale Uni-

versity, New Haven, CT-06511, USA, Institute for Nu
lear Resear
h, A
ademy of S
ien
es,

117 312 Mos
ow, Russia

Experiment E-865 at Brookhaven AGS

Experiment E865 at the Brookhaven AGS [1℄ was set up primarily to sear
h for the lepton


avor violating de
ay K

+

! �

+

�

+

e

�

(K

��e

) [2℄ with more than an order of magnitude

in
reased sensitivity. The 
exibility of the apparatus allowed also to obtain high statisti
s

event samples on the following �nal states, where existing data were s
ar
e:

�

+

e

+

e

�

(K

�ee

) [3℄

�

+

�

+

�

�

(K

���

) [4℄

�

+

�

�

e

+

�

e

(K

e4

)

�

+

e

+

e

�

�

�

; e

+

e

+

e

�

�

e

(K

`�


�

)

From theK

���

and theK

e4

samples we have also extra
ted 
onsiderably redu
ed upper limits

for other lepton 
avor violating modes like �

+

e

+

�

�

, �

�

�

+

e

+

, �

�

�

+

�

+

, and �

�

e

+

e

+

[5℄.

The analysis of the K

`�


�

data is still in progress. Preliminary results indi
ate, that we

will be able to determine for the �rst time separately the ele
troweak ve
tor and axialve
tor

kaon formfa
tors F

V

and F

A

, while previous experiments [6℄ with real photons in the �nal

state were sensitive to jF

A

+ F

V

j only.

Though 
onsiderable progress in the redu
tion of the immense amount of data has been

made last year (Thesis A. Sher, University of Z�uri
h), the analysis of the �nal K

��e

data set

taken in 1998 has not been 
ompleted yet. We expe
t however to improve the sensitivity by

at least a fa
tor of three beyond our published limit of 2:8� 10

�11

[2℄.

The analysis of the K

e4

data, performed by S. Pislak, has been 
ompleted and lead to the

new, quite pre
ise value for the s-wave �� s
attering length [7℄:

a

0

0

= 0:228 � 0:012 (stat:) � 0:003 (syst:);

whi
h agrees well with the latest predi
tion from 
hiral perturbation theory (ChPT) [9℄:

a

0

0

= 0:220 � 0:005 :

Figure 4.1 shows the phase shift di�eren
e Æ

0

0

� Æ

1

1

as a fun
tion of the �

+

�

�

invariant

mass extra
ted from our data in 
omparison to those from an older experiment [8℄ with twelve

times less statisti
s, whi
h measured a

0

0

= 0:26 � 0:05. Aside from the s
attering length

we have extra
ted the momentum transfer dependen
e of the axialve
tor and ve
tor de
ay

form fa
tors, whi
h are an essential ingredient for the determination of the 
oeÆ
ients of

the ChPT Hamiltonion to order O(p

4

) [10℄. A re
ent theoreti
al 
al
ulation by Colangelo et

al. [12℄ already made use of our data, and of higher energy �� s
attering data to 
onstrain

the isotensor ��-
hannel through a reanalysis of the Roy equation [11℄. The goal was to

determine the size of the quark 
ondensate < 0j�uuj0 >, whi
h enters the Gell-Mann, Oakes

and Renner (GOR) formula:

M

2

�

� (m

u

+m

d

)j < 0j�uuj0 > j=F

2

�

:
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The new pre
ise value for the s
attering length limits the range of possible values for the

quantity

�

`

3

, whi
h is one of the 
oupling 
onstants o

uring in the e�e
tive 
hiral Lagrangian

at order p

4

. It relates the quantities in the GOR-expression, and 
on�rms it ni
ely.
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Figure 4.1: Left: Phase shift di�eren
e Æ

0

0

� Æ

1

1

as a fun
tion of the �

+

�

�

invariant mass.

The 
urves show 
al
ulations [11℄ for three values of the S-wave s
attering length a

0

0

. The

un
ertainty band 
omes from experimental input at higher energies used in the Roy equations.

Right: ea
h phase shift value has been 
onverted into a value for the s
attering length. The

horizontal band indi
ates the statisti
al average. Figures taken from [12℄. (Geneva-Sa
lay:

ref. [8℄).
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5 Meson Spe
tros
opy at LEAR with the Crystal Barrel

M. Heinzelmann and C. Amsler

in 
ollaboration with:

A
ademy of S
ien
e (Budapest); Universities of Bo
hum, Bonn, Hamburg, Karlsruhe, M�un
hen,

Paris VI; CERN; Carnegie Mellon University; CRN-Strasbourg); RAL; UC-Berkeley

(CRYSTAL BARREL COLLABORATION).

The Crystal Barrel dete
tor was dismantled at the end of 1996, following the 
losure of the

Low Energy Antiproton Ring. Our a
tivities were 
ompleted with the submission of the last

two theses [1, 2℄. For full details on the results a
hieved with Crystal Barrel, we refer to

previous annual reports and to a review arti
le [3℄.

5.1 Annihilation at 900 MeV/


In 2000 we �nalized the analysis of �pp annihilation in 
ight at 900 MeV/
 into three neutral

pseudos
alars, �

0

�

0

�

0

, �

0

�

0

� and �

0

��, leading to six dete
ted photons [2, 4℄. We were

motivated by a sear
h for radial ex
itations of s
alar and tensor mesons, and also by the


ontroversy around the quark 
ontent of the f

0

(1710) [5, 6, 7℄. The analysis is based on 17.9

million events whi
h were taken with the all-neutral trigger during the last data taking run

of Crystal Barrel at LEAR. The o�ine analysis required 
omplete re
onstru
ted events with

exa
tly six 
lusters and no 
harged tra
ks.
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Figure 5.1: Left: Dalitz plot for �pp ! �

0

�

0

�

0

(six entries per event) with f

2

(1270) (A),

f

0

(1500) (B), f

0

(980) (C). Right: Dalitz plot for �pp ! �

0

�

0

� (two entries per event) with

f

2

(1270) (A), f

0

(980) (B), a

2

(1320) (C) and a

0

(980) (D).

The three annihilation 
hannels were sele
ted by applying kinemati
 �ts requiring also

three pairs of 2
 invariant masses to mat
h the �

0

or � masses. For measurements in 
ight

the annihilation vertex of neutral events was not observed and had therefore to be determined

by the kinemati
 �t. The feedthrough from one 
hannel to the other was determined to be

less than 0.7 %. The rea
tion �pp ! !�

0

(! ! �

0


), with a missing 
, was the dominating

ba
kground 
hannel for ��� and �

0

�

0

�. Ba
kground 
ontributions of 13 % and 3 %, respe
-

tively, were estimated from the data. This ba
kground was simulated and taken into a

ount

in the partial wave analysis. The ba
kground in the 3�

0


hannel was negligible.
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We obtained 600,962 3�

0

, 161,158 �

0

�

0

� and 18,419 �

0

�

0

� events with a dete
tion and

re
onstru
tion eÆ
ien
y of about 27 %.
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Figure 5.2: Left: Dalitz plot for �pp! �

0

�� (two entries per event) with a

0

(980) (A), a

2

(1320)

(B), f

0

(1500)/f

0

2

(1525) (C). The arrow D shows the expe
ted lo
ation of the relatively narrow

f

0

(1710). Right: �� mass proje
tion showing the f

0

(1500)/f

0

2

(1525). The long tail is due to

the new f

2

(1870). The shaded histogram is the �t dis
ussed in the text.

The symmetrised 3�

0

Dalitz plot is shown in Fig. 5.1 (left). One observes the f

2

(1270)

and f

0

(1500). A faint dip in the 1500 MeV band around 1000 MeV 
orresponds to the

f

0

(980) interfering destru
tively with the stru
ture at 1500 MeV. Figure 5.1 (right) shows

the Dalitz plot for �

0

�

0

�. One observes the f

2

(1270), f

0

(980), a

2

(1320) and a

0

(980). The

symmetrised �

0

�� Dalitz plot and the �� mass proje
tion are shown in Fig. 5.2. One observes

the a

2

(1320), f

0

(1500)/f

0

2

(1525) and a band around 1000 MeV from the a

0

(980). In the region

of the f

0

(1710), only the interferen
e of the two a

0

(980) bands 
an be observed and no signal

is present (arrow D).

5.2 Analysis and results

An amplitude analysis of the above Dalitz plots (based on the K-matrix formalism) was

performed. While annihilation at rest in liquid hydrogen pro
eeds mainly from S-states (J=0

or 1), more initial states are 
ontributing with in
reasing energies. The J = 4 
ontributions

to the data sets was found to be less than 5 % and 
ontributions from J � 4 were therefore

negle
ted. The following initial partial waves were in
luded in the analysis of the present data:

1

S

0

,

3

P

1

,

3

P

2

+

3

F

2

,

1

D

2

, and

3

F

3

. Sin
e there are four independent kinemati
 variables, we

performed a maximum likelihood �t. The ��, �� and �� S-waves were des
ribed with our

parameterization from the at rest data [8℄. To �t the 3�

0

and �

0

�� data sets the program

was ported to the NEC SX-5 super
omputer of the Swiss CSCS fa
ility in Manno. A typi
al

�t took about 10 hours.

The des
ription of �

0

�

0

� requires, apart from the resonan
es seen dire
tly in Fig. 5.1, a

2

++

isove
tor state with mass and width

M = 1698 � 44 MeV; � = 265� 55 MeV; (5.1)

in ex
ellent agreement with our result for the a

2

(1660) in �

0

�� at 1940 MeV/
 [9℄. This is
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the radial ex
itation of a

2

(1320). The L3 
ollaboration also reports a 2

++

state in this mass

region in 

 intera
tions, de
aying into �

+

�

�

�

0

[10℄.

The des
ription of the 3�

0

data requires, apart from the obvious resonan
es dire
tly seen

in Fig. 5.1, a new broad tensor state with a mass of 1877 � 30 MeV and a width of 318 �

55 MeV, de
aying into ��, whi
h we 
all f

2

(1870). This state is also required in the analysis

of the �

0

�� data, where it de
ays into ��. The 3�

0

and �

0

�� data sets were therefore �tted

simultaneously with a 
ommon des
ription of the resonan
es. The �t di�ers only marginally

from the ones obtained by the single �ts.

The results of the 
oupled �t for tensor resonan
es are shown in Table 5.1. The mass and

width of the f

0

2

(1525) agree well with the known values. The f

2

(1565)=AX, dis
overed in our

earlier ASTERIX experiment [11℄, is seen here for the �rst time in annihilation in 
ight.

Table 5.1: T-matrix pole parameters of the �� and �� D-waves of the 
oupled �t. The f

2

(1270)

parameters are �xed.

Mass [MeV℄ Width [MeV℄

f

2

(1270) 1275 185

f

0

2

(1525) 1508 � 9 79 � 8

f

2

(1565) 1552 � 13 113 � 23

f

2

(1870) 1867 � 46 385 � 58

The f

2

(1870) is new. The ratio of �� to �

0

�

0

bran
hing fra
tions is 0.27 � 0.10. This

ratio is related to SU(3) mixing angles and one gets two solutions for the mixing angle [2℄, one

being 
ompatible with a pure �uu+

�

dd state, hen
e a radial ex
itation of the f

2

(1270). Then

f

2

(1565) and f

2

(1870) are both radial ex
itations but do not belong to the same nonet. The

other solution leads to a large �ss 
omponent for f

2

(1870), in whi
h 
ase f

2

(1565) a

2

(1660) and

f

2

(1870) would belong to the same nonet of radially ex
ited 2

++

q�q mesons. The ambiguity


ould be solved by measuring the f

2

(1870) de
ay rates into �� or K

�

K.

Figure 5.3 shows the �

0

�

0

and �

0

� mass proje
tions for 3�

0

and �

0

�

0

�. The long tails

are due to the two new tensor mesons f

2

(1870) and a

2

(1660).

Table 5.2: Tentative SU(3) assignment of s
alar mesons. The �rst isos
alar (se
ond 
olumn)


ouples strongly to pions, the se
ond (third 
olumn) strongly to kaons. The \pioni
" states

are very broad, ex
ept f

0

(1500), whi
h is supernumerary.

I = 1 I = 0 I = 0 I = 1=2 Nature

a

0

(980) f

0

(400 � 1200) f

0

(980) �(900) S
attering resonan
es

(or �)

a

0

(1450) f

0

(1370) f

0

(1710) K

�

0

(1430) 1

3

P

0

(qq)

f

0

(1500)

? f

0

(2020) f

0

(2200) K

�

0

(1950) 2

3

P

0

(qq)

The �� mass proje
tion for �

0

�� is shown in Fig. 5.2 above. The data des
ription is good

and there are no signi�
ant deviations. The in
lusion of an f

0

(1710) in either the �� or the

�� S-wave was not su

essful. The f

0

(1710) is therefore not required to des
ribe the data at

900 MeV/
. This is not suprising if this state is �ss, as the OZI rule forbids the produ
tion

of �ss states in �pp annihilation. Re
ent results in 
entral produ
tion [12℄ show that, indeed,

this state prefers to de
ay into K

�

K rather than into �� whi
h therefore suggests that this
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Figure 5.3: Left: �

0

�

0

mass proje
tion in the 3�

0


hannel. The shaded histogram shows the

best �t. The peaks are due to f

0

(980), f

2

(1270) and f

0

(1500)=f

2

(1565), and the long tail to

the new f

2

(1870). Right: �

0

� mass proje
tion in the 2�

0

� 
hannel. The peaks are due to

a

0

(980) and a

2

(1320), the tail to a

2

(1660).

meson is the (mainly) �ss member of the s
alar nonet. Our present analysis then strengthens

the interpretation of the f

0

(1500) as a glueball, or as a state with a large gluoni
 admixture

in its wave-fun
tion [13℄.

Table 5.2 shows a tentative 
lassi�
ation of s
alar mesons. The low mass s
alars are

interpreted as s
attering resonan
es. Alternatively, the a

0

(980) and f

0

(980) are often referred

to as K

�

K mole
ules or q

2

q

2

states. For a more detailed dis
ussion and for a bibliography see

refs [6, 7℄.
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6 Produ
tion and Spe
tros
opy of Antihydrogen

C. Amsler, R. Brunner, D. Gr�ogler, D. Lindel�of, H.P. Meyer, H. Pruys,

C. Regenfus, P. Riedler

z

, J. Ro
het

z

, and T. Speer

in 
ollaboration with:

CERN, Universities of Aarhus, Bres
ia, Genoa, Pavia, Tokyo, Wales,

Universidade Federal do Rio de Janeiro

(ATHENA Collaboration)

z

presently at CERN, Geneva, Switzerland

6.1 Introdu
tion

The �nal goal of the ATHENA experiment is to 
ompare the properties of antihydrogen and

hydrogen atoms with laser spe
tros
opi
 methods. In parti
ular, we will measure the 1s -

2s energy di�eren
e in antihydrogen atoms. This will test CPT invarian
e for leptons and

baryons with unpre
edented a

ura
y, in the range 10

�15

to 10

�18

. Details on the proje
t


an be found in Refs. [1, 2℄ and in previous annual reports.

Antihydrogen has to be produ
ed in large quantities for H spe
tros
opy. The experimental

programme has therefore been split into two distin
t phases. The aim of the 
urrent phase 1

is to demonstrate the formation of antihydrogen in a Penning trap and to optimize the

te
hniques needed to produ
e a 
old antihydrogen gas. There are large un
ertainties for the

hydrogen formation rate. The plasma sizes and temperatures have to be 
ontrolled and varied,

and various re
ombination s
hemes investigated. Parti
ularly important are the antihydrogen

formation rate as a fun
tion of plasma densities and ele
trode potentials, the re
ombination

s
heme, the fra
tion of antihydrogen atoms with kineti
 energies below 0.1 meV, and the


ross-se
tion for annihilation with rest gas atoms. The a
tual CPT test, e.g. with lasers and

stored antihydrogen atoms in an inhomogeneous magneti
 �eld, is planned in phase 2 (after

2002). The eventual experimental approa
h to test CPT will depend on the results a
hieved

during phase 1.

The apparatus 
onsists of a super
ondu
ting solenoid (3 T) with a 
old bore to house

the antiproton trap, the positron storage trap, and the H re
ombination trap. Antiprotons

of 100 MeV/
 from CERN's antiproton de
elerator (AD) are inje
ted along the axis of the

magnet and are moderated through a sili
on beam de�ning 
ounter, an absorption foil and

various windows. They are inje
ted in a Penning trap (made of 
ylindri
al ele
trodes) and

re
e
ted by an ele
trostati
 potential. The �p shot lasts for 200 ns (repetition rate of one

every 2 minutes) after whi
h the voltage of the entran
e ele
trode is also raised to 
apture

the antiprotons. They are then 
ooled to meV energies by intera
tion with a pre-loaded

ele
tron gas inside the 
apture trap.

Positrons from a strong

22

Na sour
e are moderated in solid neon and transferred into a

longitudinal magneti
 �eld where they are moderated by nitrogen gas and ele
trostati
 �elds.

They are then inje
ted into a Penning trap similar to the one used to store the antiprotons,

at the opposite end of the super
ondu
ting solenoid. The parti
les sta
ked in the two traps

are �nally transported to the 
entral re
ombination trap whi
h runs at a va
uum of 10

�12

mbar.

In phase 1 the formation of antihydrogen will be demonstrated by dete
ting the simultane-

ous annihilation of the positrons (into two 511 keV 
's) and the antiprotons (e.g. into pions)

whi
h o

urs when the un
on�ned (neutral) H atoms hit the wall of the re
ombination trap.

The dete
tor to a
hieve this task has been proposed, developed and built by the University
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of Zuri
h. It was assembled during 2000 and 
ommissioned in autumn with the �rst beams

from the AD. We now present the dete
tor, dis
uss our re
ent R&D results with CsI 
rystals

operating at low temperatures, and report on our experien
e with the �rst antiproton beams.

14 cm

Diameter: 14 cm

Double-sided
Si strip detectors

(r-φ, z)

CsI Crystals
(Photodiode readout)

Figure 6.1: 3D sket
h of the antihydrogen

dete
tor.

6.2 Antihydrogen dete
tor

The pions are dete
ted in two layers of 16 sili
on mi
rostrip dete
tors, and the two ba
k-

to-ba
k 511 keV photons in 16 layers of 12 pure CsI 
rystals (Fig. 6.1). The dete
tor 
overs

a solid angle of 0.85 � 4� for 
harged annihilation parti
les and 0.66 � 4� for 
 dete
tion.

The unambiguous proof of antihydrogen formation will be obtained by sear
hing for events

for whi
h the two hit 
rystals and the re
onstru
ted annihilation vertex lie on a straight line.

The dete
tion of both photons and the 
ollinearity test are important to redu
e ba
kground:

the main ba
kground is due to positrons from showers initiated e.g in the 
oils of the magnet

by the high energy 
's of annihilation �

0

's. The annihilation vertex 
an be determined from

the 
harged tra
ks with an r.m.s. pre
ision of 1.5 mm in radius and 3 mm along the axis.

This is suÆ
ient to establish that the events stem from annihilation of the neutral atoms

hitting the wall of the re
ombination trap.

For best dete
tion eÆ
ien
y the dete
tor is installed as 
lose as possible to the re
om-

bination trap, inside the super
ondu
ting solenoid. The dete
tor is lo
ated in a thermally

insulated en
losure at the lowest temperature (' 77 K), at whi
h the dete
tor and read-out

ele
troni
s 
an be operated. A number of te
hni
al problems (thermal expansions of the

various dete
tor 
omponents, temperature sensitivity of ele
troni
 
omponents, light yield of

CsI, et
) had therefore to be solved.

The support stru
ture (see Fig. 6.2 right and last year's annual report) holding the outer

sili
on mi
rostrip modules and the CsI 
rystals was ma
hined from one blo
k of aluminum in

the me
hani
s workshop of our institute. The 
ylindri
al wall was ele
tro-eroded to 500 �m

to minimize multiple s
attering and 
 
onversions.

The two 
ylindri
al layers of the double-sided sili
on mi
rostrip modules dete
t the


harged pions stemming from an antiproton annihilation on the wall of the re
ombination

trap, or with a rest gas atom (Fig. 6.2). The mi
rostrip dete
tors were produ
ed by SINTEF.

They are 162 mm long, 19 mm wide and 380 �m thi
k and 
onsist of two 81 mm long pie
es

(n-material) glued and bonded, building a module. The front side is divided into 384 p

+
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Figure 6.2: Left: inner layer of 16 sili
on mi
rostrip modules, also showing the 
erami


hybrids 
ontaining the preampli�ers and the 
apton readout 
ables. Right: outer layer of 16

sili
on mi
rostrip modules.

strips with a pit
h of 47 �m (measurement of the azimuthal angle �), but every third strip

only is 
onne
ted to the readout ele
troni
s (hen
e 128 readout strips per module). The


harge 
olle
ted by the 
oating strips indu
es a signal on the readout strips by 
apa
itive


oupling. A multiple guard ring stru
ture around the strips ensures low leakage 
urrent and

a good stability against breakdown. The ba
k side 
ontains 64 pads with a pit
h of 1.25mm.

The pads are oriented perpendi
ular to the strips (measurement of the z 
oordinate along

the dete
tor axis).

The modules are 
onne
ted to VIKING type (VA2 TA) readout 
hips, modi�ed for self-

triggering and mounted with passive SMD ele
troni
s on a 
erami
 hybrid (see Fig. 6.2). The

self-triggering VA2 TA 
hip is multiplexing its 128 
hannels into one analogue output line.

The multilayered hybrids were designed by our group and built at CERN.
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Figure 6.3: Position resolution of the ATHENA test dete
tor

in strip units (140 �m).

The signals are pro
essed by analogue repeater 
ards (built by the ele
troni
s workshop

of our institute) behind the va
uum 
ange and are then digitized by 
ash ADC's. The

performan
e of the dete
tor and the readout 
hips at 77 K was investigated with 
osmi


rays [3℄. The position resolution was determined with our tra
k de�ning sili
on mi
rostrip

teles
ope [4℄. Figure 6.3 shows the distribution of the di�eren
e between the 
oordinates

predi
ted from the teles
ope and the 
oordinates measured with the ATHENA strips. The

latter was derived from the mean strip number between the two signal strips, weighted by

the energy deposits. The predi
ted 
oordinate was obtained from a linear �t to the hits in

the beam teles
ope. We obtained an r.m.s. resolution of 24 �m (Fig. 6.3). The signal to



20 Produ
tion and Spe
tros
opy of Antihydrogen

noise ratio was about 50.

The time resolution of the mi
rostrip dete
tor was also determined with 
osmi
 rays and

a resolution of 16 ns (FWHM) mas measured.

Figure 6.4: Left: segmented photodiode with the bonded readout lines. The four (p

+

) implants


over ea
h a surfa
e of 40 mm

2

. Right: one of the 16 
rystal rows before insertion into the

support stru
ture.

The pure CsI 
rystals (manufa
tured by CHRISMATEC) are read out by photodiodes,

also provided by SINTEF. As pure CsI emits light in the UV region, the diodes were espe
ially

designed with very thin entran
e windows. Ea
h photodiode was subdivided into four seg-

ments to redu
e the 
apa
itive noise (Fig. 6.4 left). The four pads were made of p

+

implants

on n-material. The layer in 
onta
t with the 
rystal is a thin n

+


overed by a SiO

2

layer of

thi
kness � 0.75 � (where � = 350 nm and 0.75 is the inverse of the refra
tive index), in an

attempt to maximize the light rea
hing the depletion region. The positive voltage applied to

the n

+

side is transferred to the guard ring on the pad side through an aluminum deposit

along one edge of the diode.

The 
rystal dimensions are 13 � 17:6 � 17:1 mm

3

. Figure 6.4 right shows one of the 12

rows of 
rystals wrapped in te
on tape before insertion into the support stru
ture.

The 48 readout lines of a 
rystal row (12 � 4 pads) are 
onne
ted to one VA2 TA 
hip.

Custom designed 
apton 
ables 
onne
t the 48 hybrids (2� 16 for the 2 sili
on layers and 16

for the 
rystals) with the pat
h panel (Fig. 6.5).

Figure 6.5: Pat
h panel showing the

readout side of the dete
tor.
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direct coupling a) b)

Figure 6.6: a): Yield of ele
tron-hole pairs measured with a pure CsI 
rystal and a photodiode,

with and without wavelength shifter. b): Light yield of pure CsI 
rystals as a fun
tion of

temperature. Both measurements, one with a photomultiplier (PM), and the other with a

photodiode (PD) and wavelength shifter, are normalized independently to the maximum.

6.3 Performan
e of undoped CsI at low temperature

In 1998 we initiated a programme to investigate the properties of pure CsI 
oupled to photo-

diodes as a fun
tion of temperature. We also built a test ben
h at 77 K to measure the light

output with photomultipliers [5℄. Tests with 
rystals from various suppliers using di�erent

polishing and wrapping methods were performed in parallel by our 
ollaborators at Pavia.
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Figure 6.7: a): Calibration of the photodiode at 77 K with X-rays from a

109

Cd sour
e and


-rays from a

137

Cs sour
e (inset). b):

22

Na spe
trum taken with a sprayed pure CsI 
rystal


oupled to a photodiode and preampli�er at 77 K.

Final results are being published [6℄. The s
intillation yield of pure CsI is known to

in
rease with de
reasing temperature. Hen
e the pulse height (proportional to the number of

ele
tron-hole pairs in the photodiode) was expe
ted to behave a

ordingly. The in
rease in

pulse height was indeed observed with photomultipliers, but with photodiodes we observed

a maximum around 120 K, below whi
h the signal de
reased rapidly. This e�e
t was tra
ed
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to the quantum eÆ
ien
y of the photodiode whi
h we measured as a fun
tion of wavelength,

using a tunable light pulse generator (Xe lamp and di�ra
tive grid) [7℄. In the wavelength

region of maximum light emission (340 nm at 77 K), the quantum eÆ
ien
y of the photodiode

os
illates between 10 and 20 % (presumably due to interferen
e e�e
ts in the window), but

rises rapidly above 360 nm to rea
h � 75% at 600 nm. We therefore sprayed the fa
es of

the 
rystal with a 
uores
ent red dye to shift the wavelength into the red range. The yields

with and without paint are shown in Fig. 6.6a. The measurements with photomultiplier and

photodiodes agree for red light (Fig. 6.6b) and the light output in
reases by a fa
tor of 15.8

� 1.0 between room temperature and 77 K.

The number of ele
tron-hole pairs in the photodiode per unit energy deposit in the 
rystals

was measured with the 662 keV photons from a

137

Cs sour
e. The 
alibration was a
hieved

with 22 and 88 keV X-rays from a

109

Cd sour
e, dire
tly absorbed in the photodiodes. Fig-

ure 6.7a shows the X-rays spe
tra. At 77 K we obtained 39'600 � 1'200 ele
tron-hole pairs

per MeV, a result only 20 % below the yield of doped CsI(Tl) at room temperature. Fig-

ure 6.7b shows the 
 spe
trum from a

22

Na sour
e. The resolution for 511 keV 
's is 8.3 %

(FWHM). The de
ay time in
reases from 28 ns (main 
omponent) at 300 K to ' 1 �s at 77

K [6℄. The longer de
ay time is still a

eptable for dete
ting antihydrogen in ATHENA.

6.4 First results with antiprotons

The antiprotons were de
elerated in the AD from 3.5 GeV/
 down to 100 MeV/
 for the �rst

time in July 2000 and the AD provided its �rst useful beam of 1.5 � 10

7

antiprotons per

pulse at 100 MeV/
.

Figure 6.8: Segmented sili
on beam 
ounter.
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Figure 6.9: Pulse height delivered by the sil-

i
on beam 
ounter; the spill length is about

200 ns and 
orresponds to a few 10

6

antipro-

tons.

The �rst thousand trapped antiprotons were also observed in ATHENA in July 2000. The

extra
ted beam had a diameter of 3 mm and a momentum bite �p=p of 10

�4

. The 
urrent

from the in
ident antiprotons was measured in front of the �p 
apture trap. Figure 6.8 shows

the segmented sili
on 
ounter that was re
y
led from our former Crystal Barrel experiment.

The segmentation allowed a �ne steering of the in
ident beam. Figure 6.9 shows the 
urrent

as a fun
tion of time. An intensity of typi
ally 3 � 10

6

antiprotons per pulse 
ould be derived

from the measured 
urrent. The noise indu
ed on the beam 
ounter by the nearby qui
kly

rising trapping voltage was found to be negligible (typi
ally 100 mV 
ompared to a �p signal

of several volts, see Fig. 6.9).
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Figure 6.10: Signals from annihilation pions in the

dete
tor inner layer (red) and outer layer (blue).

The lengths of the spikes are proportional to the

energy losses.

The antiprotons were degraded by an aluminium foil and then ele
trostati
ally de
elerated

in the trap. Figure 6.10 shows pion tra
ks in the mi
rostrip dete
tor from a spill of antiprotons

annihilating in the entran
e windows. A thin rotating foil allowed for �ne tuning of the

absorber material needed to 
apture the antiprotons. The optimum degrader thi
kness was

found by 
ounting the stored antiprotons through their delayed annihilation: The voltage

on the entran
e ele
trode, whi
h had been raised at the end of the spill, was lowered slowly.

This allowed the antiprotons to es
ape the trap and to annihilate in the apparatus. The rate

was measured by s
intillator paddles installed below the magnet. Figure 6.11 shows the �p

annihilation rate as a fun
tion of time for various absorber thi
knesses, and also the �nal

range 
urve. The estimated total number of trapped antiprotons was around 7,000 per spill

in these �rst attempts.
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Figure 6.11: Annihilation from antiprotons es
aping the trap as a fun
tion of time (during the

slow redu
tion of the 
on�ning voltage) for di�erent beam degrader thi
knesses. The number

of trapped antiprotons rea
hes a maximum around 44 �m of aluminium (right 
urve).

On
e 
aptured, the antiprotons 
ould be 
ooled to meV energies by an ele
tron gas. This


old gas (typi
ally 3� 10

8

ele
trons) was preloaded in the trap with an additional ele
trostati


potential supplied by the 
entral ring ele
trodes (Fig. 6.12). Ele
tron 
ooling o

urs rapidly

by syn
hrotron radiation. The 
ooled antiprotons 
an be dete
ted by �rst redu
ing the main

trapping voltage T

1

(whi
h elimates the hot antiprotons) and then the additional well T

2

(whi
h eliminates the 
old antiprotons). Figure 6.12 is quite en
ouraging as it demonstrates

that indeed the number of 
ool antiprotons in
reases with 
ooling time.

Summarizing, the ATHENA experiment and the AD perform as expe
ted. Initial trials
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to 
apture protons and positrons are quite promising. Our goal for the next two years is to

demonstrate the formation of antihydrogen and to optimize the e

+

�p re
ombination rate.
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7 Parti
le Physi
s at DESY/HERA (H1)

J. Be
ker, Ilaria Foresti, S. Hengstmann, M. Hildebrandt, N. Keller, J. Kroseberg,

Katharina M�uller, P. Robmann, F. Sefkow, U. Straumann, P. Tru�ol, M. Urban, R. Wallny

and Ni
ole Werner

in 
ollaboration with:

R. Ei
hler, W. Erdmann, C. Grab, M. Hilgers, H.-C. K�astli (until May 2000), B. List,

S. L�uders, D. Meer and A. S
h�oning, Institut f�ur Teil
henphysik der ETH, Z�uri
h,

S. Egli, K. Gabathuler, J. Gassner, and R. Horisberger, Paul{S
herrer{Institut, Villigen,

and 34 institutes outside Switzerland

(H1{Collaboration)

7.1 Ele
tron-proton 
ollisions at up to 320 GeV 
enter of mass energy:

overall status of the proje
t

In its last year before the major upgrade the HERA ele
tron/positron-proton storage ring

operated with positrons. A total luminosity of 56 pb

�1

was a

umulated. The big shutdown

originally planned for May 2000 was delayed until September to let the HERA-B experiment

take �rst physi
s data, and also to adapt for delivery delays of various 
omponents needed

for the upgrade of HERA, the H1- and the ZEUS-experiment. The luminosity in the year

2000 
onstitutes 40 % of what is available for e

+

p 
ollisions altogether (see Table 7.1).

Table 7.1: Summary of HERA and H1 operation during the previous nine years.

e

�

p e

+

p

Parameter 1992-94, 1998/99 1994-99 2000 Sum

Integrated luminosity L

HERA produ
ed [pb

�1

℄ 28.3 95.8 69.5 165.3

HERA physi
s [pb

�1

℄ 26.6 90.0 66.8 156.8

H1 taken [pb

�1

℄ 22.7 71.6 59.4 131.0

H1 physi
s [pb

�1

℄ 19.9 65.1 56.2 121.3

HERA eÆ
ien
y [%℄ 94 94 96 95

H1 eÆ
ien
y [%℄ 75 72 84 77

Average luminosity [(�b s)

�1

℄ 3.15 3.64 6.47 4.83

Peak luminosity [(�b s)

�1

℄ 12.1 12.6 17.9 17.9

Average p 
urrent [mA℄ 67.5 70.6 86.7 77.4

Average e

�


urrent [mA℄ 17.2 22.9 25.1 23.8

HERA luminosity runs 700 1376 346 1722

Permanent H1 runs [10

3

℄ 9.6 18.7 6.0 24.7

Average duration [min℄ 20 22 28 25

Most of our publi
ations use pre-1998 data only. A major e�ort, part of whi
h is des
ribed

below, was undertaken to improve the 
alibration and alignment of tra
ker 
omponents. After

this was a

omplished the repro
essing of the 1999/2000 data has re
ently been started. In

15 publi
ations [1℄-[15℄ of the 
ollaboration the following prin
ipal areas are 
overed:

� neutral and 
harged ele
troweak 
urrent 
ross se
tions, proton stru
ture fun
tions and

parton densities at high momentum transfer Q

2

[2, 13, 14℄,
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� sear
h for states outside the standard model [4, 9, 15℄,

� photon stru
ture [5℄,

� parton-fragmentation into multijet �nal states [1, 10, 11, 12℄,

� ele
troprodu
tion of ex
lusive �nal states [7, 8℄, and

� produ
tion of heavy quark-antiquark states, of open 
harm and beauty [6℄.

We will report below on the analyses in the heavy quark se
tor (Se
t. 7.4.1), an area

where there is manifest a
tivity of the University of Z�uri
h group, and also give an update

of the high Q

2

data. The latter results are based also on data taken in 2000, have not been

published, but were in
luded in the 36 
ontributions of our 
ollaboration to the ICHEP-2000


onferen
e [16℄.

With the submission of a publi
ation [13℄ and the thesis the analysis proje
t of Rainer

Wallny has been 
on
luded. This work deals with deep-inelasti
 in
lusive ep s
attering at

low x and a measurement of �

s

, and was dis
ussed in detail in our previous annual report

Another Z�uri
h analysis proje
t (thesis of Nikolas Keller) 
on
erns QED Compton s
attering.

Events with both the s
attered ele
tron and the radiated photon within the main dete
tor

are investigated and will ultimately allow a 
omparison of the photon and gluon distributions

within the proton.

Besides the physi
s analysis, our a
tivities dealt with the maintenan
e, monitoring and


alibration of the dete
tor 
omponents built in Z�uri
h for the 
entral tra
ker and the �rst

level trigger of H1. Most of our e�ort, however, was dire
ted towards the H1 dete
tor upgrade

whi
h progressed with minor delays. At present the H1-dete
tor is ready for the installation

of the �rst super
ondu
ting fo
ussing magnet into the forward tra
ker. The 
entral tra
ker,

with the ex
eption of the sili
on dete
tors, is installed too. One element, the super
ondu
ting


oil used to 
ompensate the in
uen
e of the H1-analysing magneti
 �eld on the proton beam,

has now be
ome obsolete. This element, indispensable for high luminosity tuning, was man-

ufa
tured by Swiss industry and largely �nan
ed by University of Z�uri
h funds. It fun
tioned

without problems for ten years. Figure 7.1 show the magnet on its way to storage.

Figure 7.1: Left: The super
ondu
ting 
ompensator 
oil is being taken out of the beam line

(O
tober 2000). Right: Installation of the new 
entral inner proportional 
hamber (CIP) into

the 
entral tra
king devi
e of the H1 Dete
tor in Hamburg. The 
entral jet 
hambers (CJC)

whi
h surround the CIP 
an be seen, too (February 2001).
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7.2 Summary of a
tivities related to the H1-upgrade

As part of the H1 upgrade the two inner proportional 
hambers (CIP) and the inner drift


hamber (CIZ) are repla
ed by a new �ve-layer proportional 
hamber (CIP2000). The aim is

to improve z-vertex triggering and tra
k re
onstru
tion at the trigger level, as well as ba
k-

ground reje
tion. The number of readout 
hannels both in z and in azimuthal dire
tion have

in
reased. Five layers rather than two will provide redundan
y and help resolve ambiguities

in the tra
k re
onstru
tion of the 
entral sili
on tra
ker. The new CIP has pad readout in

16 azimuthal se
tors. The trigger s
heme is based on a proje
tive pad geometry in the z

dire
tion, thus resulting in a varying number of pads per layer (ranging from 119 to 93 for

the innermost and outermost layer, respe
tively). The larger number of dete
tor 
hannels

also required new readout and trigger ele
troni
s.

The proje
t was 
oordinated by the Unversity of Z�uri
h with ETH Z�uri
h and University

of Heidelberg as partners. The University of Z�uri
h was responsible for the design and


onstru
tion of the multiwire proportional 
hambers. The 
onstru
tion started in autumn

1999 and was 
ompleted by the end of 2000.

The ASIC laboratory in Heidelberg developed the ampli�er and readout 
hip CIPix,

and the ele
troni
s for trigger and data a
quisition is a 
ommon Heidelberg and Z�uri
h

University e�ort. ETH Z�uri
h is responsible for all 
omponents dealing with the opti
al data

transmission from the dete
tor to the ele
troni
 trailer.

Meanwhile the new 
hamber has been installed in the H1 dete
tor. Further details are

given below.

7.2.1 Central inner proportional 
hamber 
onstru
tion

Between July 1999 and February 2001 three to �ve people worked permanently on the 
on-

stru
tion and test of the new 
hamber whi
h 
onsists of an innermost layer with anodes only,

four layers with 
athode pads inside and anode wires outside and an outermost layer with

only readout pads, all planes in
luding readout 
abling. 2400 anode wires were strung at

the Paul-S
herrer-Institut Villigen (PSI) on provisional frames and soldered to the dete
tor

in Z�uri
h. To guarantee a stable wire position the tension has to be around 80 g. Every

individual wire has been tested, 30 of whi
h had to be ex
hanged.

After the assembly of the whole 
hamber in De
ember 2000 the �rst high voltage test

took pla
e. Due to two broken wires the 
hamber had to be reopened for a short time. From

De
ember to January the high voltage was in
reased up to the operation point of 2395 V and

�rst signals were seen. Until February last wire problems had been solved, thus all layers

operate at 2500 V. Fitting the 
ooling units to the readout ele
troni
 boards turned out

to be a diÆ
ult task, but a solution was found. The 
hamber survived the transport from

Z�uri
h to Hamburg without any harm. Due to a glue seam at the +z end of the Central Jet

Chamber the CIP is now installed 1 mm shifted in ba
kward dire
tion. The readout prints

are planned to be mounted at the beginning of April 2001.

7.2.2 CIP Ele
troni
s

Last year several tests of the readout ele
troni
s from PSI have been performed with the CIP

prototype in
luding the CIPix 
ard and re
eiver 
ard prototypes. Amongst others the pulse

shape, eÆ
ien
y and time resolution have been studied [17℄.

In order to measure the time resolution a

106

Ru � sour
e was pla
ed upon the CIP pro-

totype and two s
intillators on top and on bottom of the 
hamber a
ted as a 
oin
iden
e
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indi
ator for parti
les passing through. The HERA bun
h stru
ture was simulated by sele
t-

ing tra
ks within 24 ns of the rising edge of a 10 MHz 
lo
k. The delay �t of the signal

readout was shifted between 0 and 70 ns and the number of signals 
oming from the 
orre
t

bun
h 
rossing devided by all 
oin
iden
e signals was measured. This fra
tion is required to

be
ome one within signi�
antly less than one bun
h 
rossing. The resolution is measured to

be better than 50 ns as 
an be seen in Fig. 7.2.
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Figure 7.2: EÆ
ien
y of the CIP proto-

type v.s. gate delay measured with a ruthe-

nium sour
e.

In February 2001 part of the readout ele
troni
s was 
onne
ted to the 
hamber and tested

for the �rst time. Eight CIPix 
hips on the �fth 
hamber layer were 
onne
ted to re
eiver


ards through two opti
al links. The programming of the CIPix 
hips via an I

2

C-Bus has

been developed in the framework of a diploma thesis [17℄. After the usual grounding problems

had been solved, pulse shapes as shown in Fig. 7.3 were re
orded. The pulses were measured

by using a s
intillator 
oin
iden
e as a trigger for tra
ks indu
ed by the sour
e. In addition

to the analog pulse the digital signal is displayed in Fig. 7.3.

Figure 7.3: Signals from a ruthenium

sour
e from layer 5 of CIP2000, af-

ter being transmitted through the op-

ti
al link. The analog pulse (blue)

triggered by a s
intillator 
oin
iden
e

(pink) is transformed into a digital

signal (green) on the CIPix 
hip.

The same setup was used to measure the �rst eÆ
ien
y 
urve of the CIP2000. The plateau

starts at around 2300 V whi
h is 
omparable to the value of the old CIP. For the inner layers,

whi
h have narrower interwire spa
ing, the required voltage will be slightly higher.

The assembly of all CIPix and re
eiver 
ards with opti
al hybrids for all layers is now

going on at PSI and expe
ted to be �nished at the end of Mar
h 2001. The mounting of the

frontend ele
troni
s to the 
hamber is planned for April.
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The trigger ele
troni
s has been developed and built together with the ele
troni
s work-

shop of the University of Heidelberg [18℄. All trigger 
ards have been su

essfully tested and

are ready sin
e February 2001. In order to build trigger elements for the H1 trigger system,

signals from the CIP2000 are readout in form of trigger histograms. These histograms are


al
ulated by sum 
ards whi
h are under 
onstru
tion and are expe
ted to be ready in April.

For details about the data a
quisition and 
ontrol system of the CIP2000 see [19℄.

7.3 A new era of tra
king at H1

The 
apability to dete
t heavy quarks through their lifetime broadens the s
ope of the HERA

physi
s programme 
onsiderably. New possibilities arise not only for testing QCD and probing

aspe
ts of hadroni
 stru
ture, but also for sear
hes for pro
esses beyond the Standard Model

in whi
h long-lived parti
les are produ
ed. To resolve the se
ondary verti
es of e.g. b hadrons

with a mean life 
orresponding to 
� = 470�m requires an ex
ellent tra
king performan
e;

the eÆ
ien
y to tag b hadrons and suppress ba
kground is dire
tly related to the pre
ision

with whi
h tra
ks from the se
ondary de
ay verti
es 
an be re
onstru
ted.

To fully exploit the potential of the H1 sili
on mi
ro-vertex dete
tor (CST), it is therefore

ne
essary to optimize the performan
e of the entire tra
king system. To a
hieve this goal,

the H1-
ollaboration has laun
hed a dedi
ated tra
king task for
e in autumn 1999 
onvened

by F. Sefkow. The main proje
t is a 
omplete and 
onsistent re
alibration and alignment of

the entire tra
king system. The studies are based upon 10

7


osmi
 muon triggers, whi
h were

re
orded espe
ially for this purpose. The alignment bene�ts from the enhan
ed redundan
y

and pre
ision indu
ed by the CST information into the tra
king system, shown in Fig. 7.4.

Figure 7.4: S
hemati
 side view of

the tra
king system.

A frequent problem in tra
king alignment is that referen
e tra
ks from one initially mis
al-

ibrated dete
tor or dete
tor part indu
e biases into the 
alibration of another, whi
h requires

lengthy iteration pro
edures. Su
h biases are avoided in the approa
h implemented in the

MILLEPEDE program [20℄. In this ansatz alignment and 
alibration parameters are 
alled

global, while individual tra
k parameters are 
alled lo
al. Using the tra
k information from

many thousands of events the new �t algorithm allows for a simultaneous �t of all global and

lo
al parameters as an exa
t solution of a least squares minimisation problem. With n = 10

3

global parameters, typi
ally, and N = 10

4

: : : 10

6

tra
k parameters, this 
orresponds to the

inversion of a huge (N + n) � (N + n) matrix, a problem whi
h 
an be redu
ed to solvable

size in MILLEPEDE be
ause only the global parameters need to be expli
itly known.
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Fo
using on the 
entral z-
hamber (CIZ), built at our institute, we brie
y outline the

new �t te
hnique and present the improvements (Thesis S. Hengstmann). The CIZ is a

drift 
hamber subdivided into 15 rings in z with in total 60 sense wires strung 
on
entri
ally

and perpendi
ular around the beam axis, to measure the z 
oordinate of tra
ks. The lo
al

tra
k-model of the z-
hamber is given by the equation z = z

0

+ � � S, where S denotes the

transverse ar
-length of the tra
k and z

0

and � are the straight line �t parameters with

� = 
ot(�). The geometri
al alignment and 
alibration 
onstants are global translations (�x,

�y) and rotations (
;  ; !) around the z, x and y-axis, wirewise z-shifts �z

1

;�z

2

; :::;�z

60

,

drift velo
ities v

d

and drift time 
orre
tions t

1

0

; t

2

0

; :::; t

60

0

. They 
an be integrated into one

global �t-ve
tor

~

P = (�x;�y; 
;  ; !; v

d

; t

1

0

; t

2

0

; :::; t

60

0

;�z

1

;�z

2

; :::;�z

60

) (7.1)

and the lo
al tra
k model 
an be expanded to the form

z

Hit

= z

0

+ � � S

Hit

+

~

A �

~

P ; (7.2)

where the ve
tor

~

A 
ontains the derivatives �z=�

~

P , whi
h have to be supplied in analyti


form to MILLEPEDE. Similar formulae are valid for the outer z-
hamber (COZ) whi
h has

96 wires. The new z-
oordinate �t determines the more than 300 CIZ and COZ alignment

and 
alibration 
onstants in a single step. It uses a large sample of 
osmi
s pre
isely measured

by the CST, together with tra
ks outside the CST a

eptan
e. The simultaneous �t ensures

that the pre
ise 
onstraints of the CST are propagated to the entire z-
hamber system.

Results of the re-
alibration are presented in Fig. 7.5. Here only 
entral rings are shown,

whi
h almost fully overlap with the CST. In a �rst step 
orre
tion the hit resolution has

already been improved from 800 �m to 500 �m. With the �nal step, displayed here, remaining

shifts in the residual distribution of Æz indi
ating a misalignment vanish and the resolution

improves further almost uniformly to �

z

= (378 � 5) �m. This result is 
onsistent with the

intrinsi
 resolution, as determined from hit triplets.
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Figure 7.5: (a) Residuals Æz and (b) resolution �

z

versus wire number before (open dots) and

after (full dots) the new z 
alibration.

A 
omplete re-
alibration of the 
entral jet 
hamber (CJC) has also been performed in

the framework of the new �t using the pre
ise CST information as a 
onstraint. With the

two 
ylindri
al, 
oaxial drift volumes (CJC1 and CJC2) (see Fig. 7.4) 
onsisting of in total

90 
ells and 56 wire planes parallel to the beam axis, about 1000 parameters have to be

�tted to 
alibrate the tra
k measurement in the r�-plane. Spe
ial 
orre
tions a

ounting for

inhomogeneities of the drift region and the magneti
 �eld, pulse shape dependen
e, time-of-


ight, et
., have also been applied. An improvement of the resolution by about 40 % for the

tra
k parameters distan
e of 
losest approa
h d


a

, � and 1=p

t

is observed 
onsistent with a
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gain in the single hit resolution from 240 �m to 140 �m in the r�-plane, whi
h is the design

value.

The new algorithm has also been applied to 
alibrate the CJC z-position and energy-

loss (dE=dx) measurement, determined from the 
harge amplitudes on opposite ends of the

wires. The amplitudes are highly 
orrelated and show moderate resolutions. Furthermore

they depend on the gas pressure, the ele
tron 
urrent in HERA, on the tra
k angle � and

there are e�e
tive 
orre
tions to the Bethe-Blo
h formula. Considering all e�e
ts almost

8000 
alibration 
onstants have to be �tted. For this pro
edure a 
onsistent 
alibration of

the z-
hambers (CIZ and COZ) was found to be essential.

The 
omplete alignment and 
alibration of the CST requires the determination of 384 pa-

rameters. The 
ombined CST+CJC tra
k �t yields an impa
t parameter resolution of about

30 �m whi
h is again a

ording to design and similar to values a
hieved in LEP dete
tors.

The total integrated luminosity that bene�ts from the re
alibration amounts to about

100 pb

�1

. The data have been taken during the years 1997 to 2000 and are 
urrently repro-


essed at H1. To a

ount for time-dependent beam line parameters and 
alibration 
onstants,

e.g. drift velo
ities, two re
onstru
tion passes are needed. An online version of the new �t al-

gorithm has been implemented into the re
onstru
tion software to determine these parameters

in the �rst pass. Afterwards the results are fed into a se
ond pass of the �nal re-pro
essing.

For this dual pro
edure a time-frame of 4 - 5 month is estimated. It is 
urrently on tra
k to

�nish before the end of the present shutdown.

7.4 Results from re
ent analyses

7.4.1 Beauty produ
tion

The important 
ontributions of our group to tra
k-based triggering and to pre
ision tra
king


ontinue to be 
omplemented by a strong analysis e�ort in the �eld of heavy quark produ
tion,

whi
h 
riti
ally relies on these dete
tor 
apabilities.

The heavy quarks, by virtue of their mass, provide an ideal test bed to explore the

range of appli
ability of perturbative QCD. Furthermore, sin
e in the QCD pi
ture of ep

intera
tions, heavy quarks are predominantly produ
ed in the intera
tion of a real or virtual

photon emitted from the s
attered ele
tron with a gluon in the proton, they 
arry dire
t

messages about the gluons entering the hard s
attering pro
ess.

Most results so far were obtained with 
harm quarks. We have used the 
lean experimental

signature of D

�

mesons [21℄ to measure the gluon density in the proton, and to probe the

rôle of gluons in the dynami
s of di�ra
tive intera
tions [22℄ (Thesis S. Hengstmann). In


omparison, relatively little is known so far about the produ
tion of beauty quarks at HERA,

whi
h is about 100 times less abundant than 
harm. Only the magnitude of the photo-

produ
tion 
ross se
tion has been measured [23℄ so far and found larger than expe
ted. In

DIS, beauty produ
tion has not yet been observed at all.

Whereas the theoreti
al des
ription of 
harm produ
tion is found to be in reasonable

agreement with data, not only at HERA, it appears to be diÆ
ult to reprodu
e the high

beauty produ
tion rates with QCD 
al
ulations, even when next-to-leading order terms are

in
luded. The problem is known for some time for �pp 
ollisions [24℄, but similar dis
rep-

an
ies are seen in photo-produ
tion and have re
ently also been reported from high energy

two-photon 
ollisions at LEP [25℄. These observations are in remarkable 
ontrast to the

expe
tation that 
ontributions from higher orders should be smaller in the 
ase of beauty

than for 
harm, due to the larger mass s
ale, so that the theory should be more reliable, and

they have thus given rise to spe
ulations about 
ontributions from non-standard produ
tion

me
hanisms (e.g. [26℄).
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Measurements at HERA 
an provide important 
lues to better understand beauty produ
-

tion, sin
e, 
ompared to �pp, 
p and 

 intera
tions un
ertainties due to impre
ise knowledge

of hadroni
 stru
ture are smallest in ep s
attering.

In this �eld, we 
ould in the last year harvest the �rst fruits from our e�orts to integrate the


entral sili
on tra
ker [27℄ (CST) into the analysis. We 
on�rmed the earlier photo-produ
tion

measurement by using an independent, lifetime-based signature [28℄, and we su

eeded in

performing a �rst measurement of beauty produ
tion in DIS [29℄ (Thesis J. Kroseberg).

All H1 measurements are done using event samples with two jets a

ompanied by a

muon identi�ed as penetrating tra
k in the instrumented iron and well measured in the

CST. They rely on the signature of semileptoni
 de
ays of b hadrons in jets. The previous

H1 measurement was based on the high transverse momentum p

rel

T

with respe
t to the jet

dire
tion, whi
h the lepton a
quires due to the higher b mass. The long lifetimes of b hadrons,

whi
h 
an be measured with mi
ro-vertex dete
tors, provide an independent signature. For

ea
h muon 
andidate, the impa
t parameter Æ is 
al
ulated in the plane transverse to the

beam axis. Its magnitude is given by the distan
e of 
losest approa
h of the tra
k to the

primary event vertex. Its sign is positive if the inter
ept of the tra
k with the jet axis is

downstream of the primary vertex, and negative otherwise. De
ays of long-lived parti
les are

signalled by positive impa
t parameters, whereas the �nite tra
k resolution yields a symmetri


distribution.

The b 
ross se
tion is extra
ted by de
omposing the impa
t parameter distribution,

Fig. 7.6. The �t yields a beauty fra
tion of f

b

= (26 � 5)% whi
h translates into a 
ross
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Figure 7.6: Impa
t parameter distribution and

de
omposition from the likelihood �t.

se
tion 
onsistent with the published result, based on earlier data, within the statisti
al

error.

One 
an enri
h the b 
omponent in the events by restri
ting the range of one variable,

e.g. p

rel

T

and then studying the distribution of the other quantity, Æ, and vi
e versa. Fig. 7.7

shows a 
lean beauty signature in both observables.

The two variables Æ and p

rel

T


omplement ea
h other in the dis
rimination of the beauty


omponent in the data against the di�erent ba
kground sour
es. The separation power 
an

be 
ombined in a likelihood �t of the two-dimensional distribution of these quantities. The

result, averaged with the published number, is �(ep ! b

�

bX ! �X) = (170 � 25) pb in the

range Q

2

< 1 GeV

2

, 0:1 < y < 0:8 , p

T

(�) > 2GeV, 35

Æ

< �(�) < 130

Æ

. This is signi�
antly

higher than the NLO QCD predi
tion.
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Figure 7.7: Impa
t parameter distribution for muon 
andidates with p

rel

T

> 2 GeV (a) and

p

rel

T

distribution for muon 
andidates with Æ > 500 �m (b), with estimated 
ontributions.

The same method has been applied to obtain the �rst measurement of b produ
tion in

DIS, where the statisti
s is 
onsiderably lower. The likelihood �t of the referen
e spe
tra

to the two-dimensional distribution in Æ and p

rel

T

yields a b

�

b fra
tion of f

b

= (43 � 8)%.

The proje
tions of this distribution are shown in Fig. 7.8 together with the de
omposition

from the �t. The distributions of both variables are well des
ribed, and the need for a b

�

b


omponent is evident from the lifetime based signature as well as from the p

rel

T

spe
trum.

The 
ross se
tion in the visible range 2 < Q

2

< 100 GeV

2

, 0:05 < y < 0:7 , p

T

(�) > 2 GeV
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Figure 7.8: Impa
t parameter distribution (left), and distribution of transverse momentum

relative to the jet axis (right), with de
omposition from the likelihood �t.

and 35

Æ

< �(�) < 130

Æ

is found to be

�

vis

(ep! b

�

be

0

X ! �X) = 39 � 8 (stat:) � 10 (syst:) pb :

This measurement 
an be dire
tly 
ompared to a NLO QCD 
al
ulation, whi
h gives (11 �

2) pb. A similar ex
ess as observed in �pp, 
p and 

 intera
tions is now also seen in ep

s
attering.

In order to subje
t the theory to more re�ned tests, for example by measuring di�erential

distributions, or to extend the probed phase spa
e, more eÆ
ient ways of tagging beauty

quarks are ne
essary, whi
h be
omes possible by making use of the CST information also in

hadroni
 de
ay 
hannels. This approa
h is followed in the thesis work of I. Foresti.
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7.4.2 Update on high Q

2

data

The analyzed e

�

p data taken in 1998 and 1999 at a 
enter-of-mass energy of 320 GeV 
orre-

spond to an integrated luminosity of 15.3 pb

�1

. From these data in
lusive single and double

di�erential 
ross se
tions for neutral and 
harged 
urrent in the range of four-momentum

transfer squared Q

2

between 200 and 30 000 GeV

2

, and Bjorken x between 0:0032 and 0:65

are extra
ted [30℄. When these data are 
ompared with our measurements of the in
lusive

neutral and 
harged 
urrent e

+

p 
ross se
tions 
lear eviden
e is observed for neutral 
urrent

parity violating Z

0

ex
hange and the stru
ture fun
tion F

3


an be extra
ted. The data are

found to be in good agreement with Standard Model predi
tions (see Fig. 7.9).
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Figure 7.9: Di�erential 
ross se
tions d�=dQ

2

at 318 GeV 
entre-of-mass energy for e

�

p!

e

�

X. The H1-data are 
ompared to Standard model expe
tations using the CTEQ5D [34℄

parton density fun
tions. (Extra
ted from ref. [31℄)

The same data are also used to sear
h for eq 
onta
t intera
tions asso
iated to s
ales

not dire
tly a

essible at HERA [31℄. For 
onventional 
onta
t intera
tions lower bounds


an be set on eq 
ompositeness s
ales �

�

at 1:6 � 9:2 TeV and on leptoquarks with a ratio

mass over 
ouplingM=� of 0:3�1:7 TeV. A sear
h for low s
ale gravitational e�e
ts through

the ex
hange of Kaluza-Klein ex
itations of gravitons in models with large extra dimensions

results in lower limits on the e�e
tive Plan
k s
ale M

S

of 0.63 TeV and 0.93 TeV for positive

and negative 
oupling, respe
tively.

The in
lusive e

+

p single and double di�erential 
ross se
tions measured in 1999 and 2000

in the same range of x and Q

2

were also analyzed. The data set 
orresponds to an integrated

luminosity of 45.9 pb

�1

. The 
ross-se
tions are 
ompared to previous H1 results based on 35.6

pb

�1

of data taken in 1994 to 1997 at

p

s = 300 GeV in Fig. 7.10. The new measurements are

found to be fully 
onsistent with previous ones and well des
ribed by next-to-leading order

QCD �ts in the framework of the Standard Model [32℄, as is apparent in Fig. 7.11.

The sear
h for W boson produ
tion in the pro
ess ep ! eWX, with subsequent W

de
ay into ele
trons or muons, has been 
ontinued using an integrated luminosity of 13.6

pb

�1

in e

�

p s
attering and 81.6 pb

�1

in e

+

p s
attering [33℄. The analysis has been tuned

to maximize the a

eptan
e of W (W ! e�, W ! ��) boson produ
tion, and reje
t other
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Figure 7.10: The Q

2

dependen
e of the neutral 
urrent (NC,left) and 
harged 
urrent

(CC,right) 
ross se
tions d�=dQ

2

is shown for the new (1999/2000, solid points) and the old

(1994/7, open points) measurements The lines indi
ate the results of a next-to-leading order

QCD �t based on the pre-1997 H1 data, dashed at

p

s = 300 GeV and full for

p

s = 320 GeV.

The ratio between data and Standard model �t is shown in �gures (b) and (
). The latter

in
ludes both old and new data.
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Standard Model pro
esses like the 
harged and neutral 
urrent pro
esses ep ! �X;! eX,

respe
tively or lepton pair produ
tion in 

 intera
tions. In e

�

p intera
tions no events are

observed, 
onsistent with the expe
tation of the Standard Model in this low luminosity sample

of 1:46 � 0:30 (0:32 � 0:09) for the e (�) sample. In the e

+

p data 14 events are seen, six in

the ele
tron and eight in the muon 
hannel 
ompared to an expe
tation of 6.14 � 1.46 and

2.01 � 0.54, respe
tively, or 8.2 � 2.0 when taken together dominated by W produ
tion (6.4

� 1.9). The ex
ess above the expe
tation is mainly due to events with transverse momentum

of the hadroni
 system greater than 25 GeV where 9 events are found 
ompared to 2.3 � 0.6

expe
ted. Four of these events are observed in the latest data sample.
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8 Parti
le Physi
s at DESY/HERA (HERA-B)

P. Robmann, S. Steiner, O. Steinkamp, P. Tru�ol and T. Walter

in 
ollaboration with:

the Universities of Heidelberg and Siegen and 31 further institutes from outside Switzerland

(Hera-B 
ollaboration)

In last years annual report [1℄ we have reported in detail on the status of the Hera-B experi-

ment, its goals, and on the motivation for our modest parti
ipation in this experiment. Sin
e

the experiment is still in the debugging phase, and our 
ontributions to its development only

minor - all of us have predominantly been o

upied with other proje
ts - we will keep the

report on these aspe
ts short, and 
on
entrate on the only part of the Hera-B experiment, to

whi
h we have made 
ontributions, the inner tra
ker (ITR).

With the 
ompletion of the thesis of T. Walter [2℄ our own resear
h and development

proje
t 
on
erning the development of mi
rostrip gas 
hambers (MSGC) with gas ele
tron

multiplier (GEM) foils, has 
ome to an end. We will, however, 
ontinue to 
ontribute the

maintenan
e, repair and repla
ement of defe
t MSGC's within the ITR, and are for this

purpose supervising, as in the past, the produ
tion at the laboratories of IMT (Masken und

Teilungen), Greifensee.

The present status of the inner tra
king system is as follows: During the run period 2000

the stations in front of the ring imaging

�

Cerenkov (RICH) (see Fig. 8.1) have been installed,

HPT
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+z -z
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+x

Muon
Ecal

View from above

ITR: MSnn
15 14 13 12 11 10

RICH
OTR

VDS
OTR

Magnet

030506 01

already installed
ITR stations

00/02/29 S. Hausmann

OTR
TRD

00/03/14  updated W. Gradl

Figure 8.1: Hera-B - tra
king 
omponents. OTR: Outer tra
ker; ITR: inner tra
ker, VDS:

sili
on tra
ker. The inner tra
ker stations, whi
h already have been installed are labeled

MSnn, with nn = 01 : : : 15.


ommissioned and �nally routinely operated for a period of 6 - 8 weeks stably at target rates

of 5 to 20 MHz with eÆ
ien
ies between 90% and 96% (see Figure 8.2). These levels were

rea
hed after 
areful training during target operation. The drift and then the GEM voltages

were slowly raised over a period of typi
ally one week. This led to a 
ontinuous redu
tion of
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Figure 8.2: EÆ
ien
y


urves of MSGC MS01

versus GEM-foil voltage

for �xed 
athode voltage of

510 V. The �lled symbols

show the eÆ
ien
ies for

the 
urrent voltage set-

tings after individual gain

adjustments.

the number of GEM sparks and subsequent trips. With a gas mixture of Ar/CO

2

(70%/30%)

all dete
tors are �rst operated with a 
athode voltage of 510 V and a GEM voltage of

420 V. With these settings the dete
tor pulse height and gas gain varies up to a fa
tor of 2.5

between di�erent dete
tors, due to variations of the GEM gain of unknown origin. Invidual

GEM voltage adjustment is therefore ne
essary to equalize response.

The ITR was not yet used in the �rst level trigger be
ause the threshold 
ould not be

lowered enough to get a

eptable eÆ
ien
y. In August 2000 a new trigger setup was tested

in Hera-B with three dete
tors using improved grounding and redu
ed voltage swing of the

trigger outputs. This allowed eÆ
ient triggering under realisti
 beam 
onditions. Part of the

improvements are based on the results of tests performed at PSI, whi
h are des
ribed in the

thesis of T. Walter [2℄.

During the shutdown 2000/1 the ITR undergoes major revisions, part of whi
h are already


ompleted, namely: All dete
tors are equipped with improved grounding to minimize baseline


u
tuations and noise levels. Dete
tors with major defe
ts were repla
ed, weak points of

dete
tors were eliminated like some high voltage 
able 
onne
tions and prote
tion diodes

whi
h were damaged. All anodes whi
h produ
ed shorts (about one in 2 dete
tors) were 
ut

at the fan-in.

All dete
tors in the trigger stations will be equipped with new HELIX frontend boards

using HELIX 1.3a 
hips. These have full pipeline length, an improved 
urrent sour
e whi
h

is not os
illating and they 
an be reliably read out with a readout 
lo
k frequen
y up to 30

MHz. This way the readout 
an be done with minimal deadtime up to �rst level trigger rates

of 90 kHz.

The 
alibration and alignment have been 
arried out for the 2000 data. The pro
edures

are established to do it fast in the 
oming running period again. The 
onstru
tion program

is an integral part of the overall Hera-B re
onstru
tion. The 
ode is also implemented in

the se
ond level trigger �lter. Major problems were observed in 2000 with the stability of

the readout system and online sparsi�
ation. The biggest problem were frequent failures

of the low voltage power supplies. All of them have been modi�ed in the meantime to
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improve prote
tion and reliability. Online sparsi�
ation is still under investigation and will

be gradually improved.

A 
omplete a

ount of the status of the Hera-B experiment at the end of the run (autumn

2000) is 
ontained in referen
e [3℄. This is the status, whi
h was reported to the DESY

program review 
ommittee. This report was 
riti
ally reviewed by the 
ommittee, whi
h

arrived at the following 
on
lusion:

The original aim of the Hera-B experiment, whi
h has been approved in 1995, has been

the study of the question, why the universe 
onsists mainly of matter although in the big

bang matter and anti-matter had been produ
ed equally. Experimentally the CP violation

of B mesons is measured. It has been 
lear from the beginning, that the experiment would

be very diÆ
ult and that dete
tors with unpre
edented radiation hardness would have to be

developed. Unexpe
ted diÆ
ulties during this development resulted in delays. In parallel with

Hera-B spe
ial ele
tron-positron storage rings, ea
h with one dete
tor, have been developed in

Japan and in the USA. They have already presented �rst results towards the CP violation of

B mesons. Therefore the DESY PRC (Physi
s Resear
h Committee) 
on
luded in O
tober

2000, that Hera-B would not be 
ompetitive with these experiments. On this basis and


onsidering the 
riti
al manpower situation at DESY, the DESY EWR (Extended S
ienti�


Coun
il) re
ommended an orderly termination of Hera-B in the near future.

Further evaluations within the 
ollaboration and presentations made to the DESY dire
-

torate, in
luding an alternative physi
s program for the next two years, resulted in January

of this year in the approval by the DESY dire
torate of the revised physi
s program. The

relevant statement reads as follows:

The Hera-B 
ollaboration has presented a revised physi
s program for the next two years

and detailed plans for dete
tor improvements, the running of the experiment and organisation

of data and physi
s analysis. The 
ollaboration has in this way taken into a

ount the

re
ommendations of the PRC and the EWR. The data and �rst results will be available

by the end of 2002. The 
ontinuation beyond 2002 requires a detailed re-evaluation of the

s
ienti�
 potential of the Hera-B experiment.

The planned physi
s program 
overs open questions of strong intera
tion physi
s and rare

de
ays of 
harmed quarks. Central themes are: the measurement of the B 
ross se
tion in

proton-nu
leus intera
tions, the study of the produ
tion of 
harmonium states and the Drell-

Yan produ
tion of lepton pairs, as well as the sear
h for rare 
harm de
ays like D

0

! �

+

�

�

.

This physi
s program 
an be performed essentially with the dete
tor in its present state and

the manpower available in the 
ollaboration.

The 
ollaboration wants to demonstrate with this physi
s program, that Hera-B is a

powerful pre
ision spe
trometer for the study of rare de
ays of 
harm and beauty.
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9 High-pre
ision CP-violation Physi
s at LHCb

R. Bernet, P. Sievers, O. Steinkamp, U. Straumann, D. Wyler, M. Ziegler

in 
ollaboration with the inner tra
king group of LHCb:

University of Lausanne; Max Plan
k Institute, Heidelberg, Germany; University of Santiago

de Compostela, Spain; Budker Institute for Nu
lear Physi
s (INP), Novosibirsk, Russia and

Ukrainian A
ademy of S
ien
es, Kiev, Ukraine.

The full LHCb 
ollaboration 
onsists of 50 institutes from the 
ountries Brazil, China, Fin-

land, Fran
e, Germany, Italy, Netherlands, Poland, Romania, Russia, Spain, Switzerland,

Ukraine, United Kingdom.

(LHCb)

9.1 Introdu
tion

LHCb is a se
ond generation experiment on b quark physi
s whi
h will run from the be-

ginning of the LHC (Large Hadron Collider) operation at CERN (around the year 2006).

The produ
tion rate of B-mesons will be about three orders of magnitude larger than in all

pre
eding B - physi
s experiments.

The goal of the experiment is to make systemati
 measurements of CP violation and rare

de
ays in the B-meson system with unpre
edented pre
ision. By measuring CP violation in

many di�erent de
ay modes of B

d

, B

s

and B




mesons and 
omparing the results with the

predi
tions from the Standard Model, the experiment will open a new and very sensitive

window for sear
hing for new physi
s.

The Zuri
h group 
on
entrates on development, 
onstru
tion, operation and data analysis

of the inner tra
king part of this experiment. The present resear
h and development phase

is done in 
lose 
ollaboration with the parti
le physi
s group of the university of Lausanne

and should result in a te
hni
al design report by the end of 2001.

U. Straumann is proje
t leader for the inner tra
king system within the LHCb 
ollab-

oration and is thus a member of the te
hni
al board of LHCb. Olaf Steinkamp leads the

sili
on task for
e for developing the sili
on mi
rostrip option for the inner tra
king system.

Furthermore he is a member of the LHCb editorial board, whi
h has to ensure that 
oherent

and 
orre
t publi
ations are produ
ed by the LHCb 
ollaboration.

9.2 CP { Violation in the B Meson system: re
ent developments

The interest in the study of CP { violation in the B System, and its relevan
e for under-

standing fundamental intera
tions, in parti
ular its role in the evolution of the early universe

(Baryogenesis) have been elu
idated in detail in the previous anual report.

The CP violation e�e
ts, expe
ted in the standard model of parti
le physi
s, are usually

dis
ussed in terms of so-
alled unitarity triangles, graphi
al representations of the 6 equations

des
ribing the unitarity of the quark mixing matrix V

ij

(CKM matrix), resulting from the

weak intera
tions of the quarks. For a review of the present knowledge of these triangles see

[3℄.

Re
ently two experiments on the observation of CP violation in the B system have pub-

lished results on sin 2�, where � � arg[�(V

�


b

V


d

)=(V

�

tb

V

td

)℄ is an inner angle of one of these

unitarity triangles. The values obtained, by measuring the time dependent asymmetry in the
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de
ays of B

0

d

and

�

B

0

d

into J= K

S

are:

sin 2� =

(

0:34 � 0:20(stat)� 0:05(syst) BaBar [1℄

0:58

+0:32

�0:34

(stat)

+0:09

�0:10

(syst) Belle [2℄

These results 
an be 
ompared with a re
ent analysis in the standard model, assuming the

unitarity of the CKM quark mixing matrix and making use of the following experimentally

a

essible quantities: the CP violation parameter of the Kaon system j�

K

j, the ratio of the

two CKM elements responsible for b quark de
ay rates j

V

ub

V


b

j, and the os
illation frequen
ies

of the neutral B

d

and B

s

- Mesons �m

d

and �m

s

. (The status of the mixing and os
illa-

tion measurements are summarized in a re
ent review [4℄). The resulting standard model

predi
tion is [3℄

sin 2�

SM

= 0:67 � 0:17: (9.1)

Whereas the more a

urate result of BaBar is lower by 1.2 � (adding all errors quadrati
ally)

the Belle result with its larger errors is in perfe
t agreement with the standard model.

To use the B system as a probe for new physi
s requires mu
h higher a

ura
y. Super-

symmetry, for instan
e, will mainly a�e
t rare pro
esses whi
h in the standard model involve

quark loop diagrams in lowest order already. New Physi
s may lead to in
onsisten
ies be-

tween 
hannels that are redundant in the standard model so all relevant CKM phases should

be measured dire
tly, with the highest pre
ision possible.

In spring 2000 the results of a one year workshop on physi
s at LHC were published. The

study group for B De
ays at LHC [5℄ was able to show, that spe
ially from 
hannels whi
h

allow dire
t measurement of the angle 
 = arg V

ub

, LHCb will provide a unique fa
ility to

explore the various CP violating modes. Examples are B

s

! J= K

s

and B

s

! D

s

K, whi
h

need a very good eigentime resolution of the de
aying B

s

, or B ! �K and B

d(s)

! D

+

d(s)

D

�

d(s)

,

whi
h 
an only be isolated with reliable parti
le identi�
ation, as provided by the RICH

system of LHCb.

9.3 Development of an inner tra
king dete
tor for LHCb

The inner tra
king setup, whi
h is presently being dis
ussed, deviates 
onsiderably from the

one des
ribed in the te
hni
al proposal [11℄. On the basis of results from extensive R&D

on various di�erent mi
ro-pattern gas dete
tors as well as ba
kground simulation studies

with realisti
 beam pipe assumptions the inner tra
king group de
ided in February 2000 to


on
entrate on triple GEM gas and sili
on mi
rostrip dete
tors and drop all other gas mi
ro-

pattern te
hnologies whi
h proved unstable in high density hadroni
 beams. Detailed design

studies for an implementation of the remaining two te
hnologies and prototype 
onstru
tion

are presently going on.

9.3.1 Triple GEM option

Our group in Zuri
h has built a full-size prototype of a triple GEM dete
tor and has measured

all its relevant properties. We have shown, that the triple GEM is a stable and robust

dete
tor with spark probabilities mu
h below 10

�10

, whi
h provides enough safety margins

in the operating parameters to be used as an inner tra
king te
hnology of LHCb. First

results had been mentioned already in the last years annual report. The �nal analysis of

the measurements on the pulse height distributions, dete
tion eÆ
ien
ies, geometri
al 
luster

size, position resolution, dete
tor homogeneity w.r.t. to signal size and performan
e as a

fun
tion of in
ident angle have been published in [6℄ and [7℄.
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Figure 9.3: Cluster width for perpendi
ular tra
ks

as a fun
tion of dete
tor gain. Shown are the mean

number of 
hannels above a threshold of 3.5 times

the noise (sigma) and the width of a Gaussian �t

to the pulse shape. The pit
h of the readout strips

is 300 �m.

As an example, the analysis of the 
luster-size is worth mentioning in this report. Two

di�erent methods were used, a simple 
ounting of number of adja
ent 
hannels above a �xed

signal to noise ratio and a Gaussian �t to the signal amplitude versus 
hannel position.

Figure 9.3 shows the resulting values as a fun
tion of the GEM voltage, whi
h determines the

total gas ampli�
ation. A typi
al operating point is V

GEM

= 370 V. The Gaussian width

of the 
lusters does in fa
t not depend on the dete
tor gain. The value of � = 0:8 strip

pit
hes (240 �m) is 
onsistent with an estimate [8℄, based only on the transverse di�usion

(D

t

� 300 �m=

p


m for a gas mixture of Ar:CO

2

= 70:30) of the 
harged 
loud along an

average drift path of 4.5 mm. The GEM foils thus do not in
uen
e the 
luster size.

Large 
luster sizes in
rease the 
hannel o

upan
y of the dete
tor, whi
h is a major

limitation of su
h a devi
e in the LHCb environment. Ele
trons and positrons generated in

the beam pipe may pass the inner tra
ker with large in
ident angles 
orresponding to even

larger 
lusters, in
reasing the o

upan
y further.

Be
ause of these rate e�e
ts it seems unlikely, that the inner tra
king of LHCb will be

a pure triple GEM solution. Sin
e triple GEM dete
tors have the advantage over sili
on

mi
rostrip devi
es, that larger sensor planes 
an be built with smaller number of readout


hannels a mixed solution may turn out optimal. We also expe
t shifts in the boundaries

between inner and outer tra
king, to be determined in on-going simulation studies.

Figure 9.4: A full size triple GEM prototype suit-

able for tra
king station 7 to 10. It measures 415

mm in height and 430 mm in width (a
tive dete
-

tor area). Two su
h \L" shape dete
tors would be

mounted around the beam pipe, allowing to mea-

sure two 
oordinates (x,u). On the bottom ele
-

troni
s readout boards bonded to the dete
tor 
an

be seen. These 
onsist of HELIX 
hips, whi
h

have a similar front-end behaviour as the foreseen

Beetle 
hips.

A new full size triple GEM prototype with 
orre
t geometry for LHCb, suited for one



44 High-pre
ision CP-violation Physi
s at LHCb

of the tra
king stations 7 to 10 has been 
onstru
ted (see Fig. 9.4) in 
ooperation with the

university of Lausanne. The devi
e is presently being studied in the laboratory, and beam

tests will start soon. It has a new readout board, with mu
h lower 
apa
ity, allowing to run

the dete
tor at lower gain (see the 
on
lusion in [6℄).

9.3.2 Sili
on mi
rostrip option

The importan
e of the sili
on solution has in
reased, mainly due to the higher ba
kgrounds

from the beam-pipe. Sili
on is 
onsidered to be a realisti
 option despite its higher 
osts and

slightly larger radiation length.

We foresee an arrangement of sili
on dete
tors in ladders, whi
h will be mounted verti
ally.

The 
oni
al beam pipe of LHCb makes it ne
essary to have di�erent arrangements for ea
h of

the 11 tra
king stations. We plan to use only one sensor type, with an a
tive size of 100 mm

length, 90 mm width and readout strip pit
h of 235 �m. Su
h a sensor 
an be produ
ed on a

6 in
h wafer and is similar to those used in the CMS tra
king system. It is almost identi
al

to the sili
on dete
tors used in the satellite GLAST

2

. A possible layout of su
h a system we

des
ribed in [9℄. The same time a more realisti
 de�nition of the spa
e requirements and

positions of the di�erent tra
king stations was provided [10℄.

22 prototype sensors with 67 mm strip length and di�erent strip width have been designed

and built at the 
ompany DETECTOR in Kiev, Ukraine. They 
onsist of 63 strips with a

pit
h of 240 �m. We are 
urrently 
onstru
ting ladders of di�erent length for performan
e

measurements at parti
le beams at PSI (high rate) and CERN (large momentum to measure

position resolution) soon.

We also have started to install in Zuri
h the relevant equipment for sili
on mi
rostrip

dete
tor development and tests: a manual wedge bonding ma
hine from Devotek, type 5425,

is used to 
onne
t ele
troni
s to the dete
tors, both for the triple GEM prototypes and for

the sili
on mi
rostrip dete
tors. It will also be used to 
ombine several sensors into longer

ladders.
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Figure 9.5: Total strip 
apa
itan
e as a fun
tion of

the ratio implant width to strip pit
h (w/p), mea-

sured at a depletion voltage of 75 V and a frequen
y

of 1 MHz. The di�erent markers belong to di�erent

dete
tors. A linear �t to all points yields an average

systemati
 dependen
e of C

tot

= 1:49�

width

pit
h

+1:11

[pF/
m℄.

A new manual wafer probe station from the 
ompany Karl Suss, type PM5, in 
onne
tion

with an existing impedan
e analyzer HP 4192A was used to measure the ele
tri
al 
hara
-

teristi
s of prototype sensors. Figure 9.5 shows the total strip 
apa
itan
e for our prototype

dete
tors for di�erent width and pit
h geometries. For ea
h dete
tor a dependen
e of the

2

see www-glast.stanford.edu/
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Figure 9.6: Capa
itan
e versus depletion voltage of

a sili
on dete
tor prototype. Filled points before

irradiation, open squares after irradiation with a

maximum of 10

14

protons.

ratio width/pit
h 
an be observed, however the variation from dete
tor to dete
tor seems to

be at least as large as the width over pit
h e�e
t.

Figure 9.6 shows the 
apa
itan
e as a fun
tion of the depletion voltage. Before irradiation

the dete
tors show a de
rease of the 
apa
itan
e with voltage and the full depletion is rea
hed

at about 50 V. After irradiation the 
apa
itan
e is in
reased. Further investigations are

ongoing to try to understand the performan
e of the irradiated dete
tors and the possible

impli
ations of the higher 
apa
itan
e on the readout ele
troni
s.

We also have studied a �rst version of the readout 
hip to be used in LHCb (Beetle

from ASIC Laboratory in Heidelberg), 
onne
ting it to a sili
on mi
rostrip dete
tor and

observing the signals from radioa
tive sour
es. A 
ru
ial question is the dependen
e of the

pulse shape on the load 
apa
ity at the input of the ampli�er, sin
e we intend to build long

sili
on ladders, with total 
apa
itan
e of the order of 20 to 30 pF. The measured pulse shapes

(Fig. 9.7) are relatively wide, however seem to be a

eptable. This pulse shape data is used in

the LHCb simulation software to determine the additional o

upan
y by parti
les originating

in neighbouring bun
h 
rossings of LHC (so 
alled spill over), whi
h o

ur with a period of

25 ns.

Figure 9.7: Signal from the front end

stage of a Beetle prototype 
hip, using

a pulser to simulate a 
harged parti-


le signal (upper signal) and SMD 
a-

pa
ities of 22 and 33 pF (middle and

lower signal, respe
tively) to simulate

a large sili
on dete
tor.
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9.4 Other 
ollaboration a
tivities

9.4.1 Hardware developments

An essential part of the dipole spe
trometer to be realized in LHCb is its magnet, whi
h should

provide enough magneti
 �eld to rea
h the momentum resolution anti
ipated in the experi-

ment. For the Te
hni
al Proposal [11℄ a window-frame dipole magnet with super-
ondu
ting


oils and horizontal pole fa
es had been assumed. Conta
ts with industry revealed, that the


ompli
ated shape of the 
oils and the high magneti
 for
es would lead to high 
ost and me-


hani
al risks. LHCb has therefore moved to the design of a warm magnet. The new magnet

is des
ribed in a te
hni
al design report [14℄, whi
h was a

epted by the CERN LHCC and

all relevant 
ommittees.

Figure 9.8: Sket
h of the LHCb

magnet

To redu
e ele
tri
al power requirements to about 4.2 MW, the pole fa
es are shaped

to follow the a

eptan
e of the experiment (Fig. 9.8). The total bending power amounts

to

R

Bdl = 4 Tm over a total tra
k length of 10 m. The useful aperture is 2.6 m x 2.2

m, in
reasing along the beam axis to 4.2 m x 3.5 m, �tting the a

eptan
e shape of the

experiment. The 
oils will be made of Aluminum (AL-99.7) and the total weight of the

magnet will be about 1500 tons.

A market survey has been performed by CERN, resulting in 4 �rms interested in the


ondu
tor produ
tion, 7 �rms for the 
oil winding and 16 �rms for the yoke produ
tion. The

magnet will be ordered soon, and the �nan
ial 
ontribution from the swiss FORCE pool is

well re
eived for this purpose.

In the year 2000 te
hni
al design reports both on the 
alorimeters [12℄ and the RICH

[13℄ were well re
eived by the CERN program 
ommittee LHCC and 
onstru
tion of these

dete
tors 
an start now.

9.4.2 Software

All LHCb data pro
essing appli
ations are being built using the LHCb software framework,

GAUDI. The latest releases allow simulated events stored in the old ZEBRA format to be read

and new data to be written using an obje
t oriented persisten
e tool taken from the ROOT

pa
kage, a general obje
t oriented analysis tool. Other new 
omponents in
lude a stru
tured

des
ription of the dete
tor and its geometry, and support for statisti
al data e.g. histograms.

Work is now in progress to extend the framework in many spe
ialized areas, su
h as integration

with the new obje
t oriented GEANT4 simulation pa
kage, the addition of 
omponents for
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managing 
alibration and alignment data, the development of a visualization framework and

analysis tools. A new LHCb re
onstru
tion program, 
alled BRUNEL, has been developed

that is based on the above mentioned obje
t oriented framework \GAUDI", but uses most

of the existing physi
s algorithms written in FORTRAN. At the same time mu
h e�ort has

gone into developing new algorithms, redesigned using obje
t oriented methods and written

in C++. This new 
ode is gradually being in
orporated into BRUNEL with the aim of

eventually produ
ing a re
onstru
tion program that 
onforms entirely to an obje
t oriented

design.

In the Zuri
h group we have started to use parts of these simulation pa
kages to predi
t

the behaviour of the proposed inner tra
king design and optimize its parameters.
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10.1 Introdu
tion

Our group is parti
ipating in the design and 
onstru
tion of the sili
on pixel dete
tors for

the CMS experiment at CERN's LHC, whi
h is s
heduled to start operations in spring 2006

at an energy of

p

s = 14 TeV. We shall 
on
entrate on issues related to the heavy b and

t quarks. The physi
s programme with CMS is fo
used on the Higgs boson(s) and on the

supersymmetri
 (SUSY) parti
les, expe
ted in the � 1 TeV mass range. The B physi
s

programme is 
entered on the sear
h and measurement of CP-violation through the de
ays

B

0

d

! J= K

s

, B

0

d

! �

+

�

�

and B

0

s

! J= �, the measurement of B

0

s

mixing, and sear
hes for


avor 
hanging neutral 
urrents de
ays. The study of B-baryon de
ay and the spe
tros
opy

of B hadrons 
ould also be undertaken.

The identi�
ation of b-jets is 
ru
ial both to sele
t signal events and to reje
t ba
kground

events; b-jets will be used to identify top quarks, the standard model Higgs boson and SUSY

parti
les. Due to the long lifetime of B mesons, b-jets 
an be identi�ed by looking for tra
ks

not pointing to the primary vertex (i.e. with large impa
t parameters). Traje
tories have to

be measured with a high pre
ision that depends on the distan
e of the �rst dete
ted point

from the intera
tion vertex, and on the point resolution. It is thus 
ru
ial that the �rst

dete
tor layer be lo
ated as 
lose as possible to the primary intera
tion vertex, bearing in

mind the high radiation whi
h the pixel dete
tors will have to withstand. The high rate

requires a �ne dete
tor granularity and also developments using radiation hard te
hnology.

Figure 10.1: a): Perspe
tive view of the CMS pixel dete
tor. b): s
hemati
 view of a pixel

dete
tor element. Ea
h sensor pixel is 
onne
ted via an indium solder bump to a pixel unit


ell on the readout 
hip whi
h ampli�es the signal. The hit data are stored on the edge of the


hip where they wait for trigger 
on�rmation.

The pixel dete
tor envelope extends from 3.7 to 21 
m radially and from -50 to 50 
m in

beam dire
tion. The dete
tor is made of three 
ylindri
al layers, 53 
m long, with radii of 4,

7 and 11 
m (Fig. 10.1a). The layers 
ontain some 3�10

7

sili
on pixels. The pixel modules


onsist of thin, segmented sensor plates with highly integrated readout 
hips 
onne
ted with
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the indium bump bonding te
hnique (see Fig. 10.1b). A sensor plate 
ontains 53 � 52 pixels,

ea
h with a surfa
e area of 150�150 �m

2

. The analogue signals are read out to determine the


oordinates more a

urately, using 
harge sharing between adja
ent pixels. A double 
olumn

of pixels forms an independent readout unit 
ontrolled by a 
ir
uit sitting in the periphery.

The 
hips are 
onne
ted through bond wires to hybrid 
ir
uits, whi
h 
olle
t the data signals

and distribute the readout 
ontrol and 
lo
k signals. Capton 
ables 
onne
ted to the hybrids

transmit the signals to and from the outer region of the pixel system frame whi
h 
ontains

dete
tor 
ontrol 
hips and ele
tro-opti
al 
onverters for opti
al signal transmission.

We have worked on the design and test of the sili
on sensors for the barrel dete
tor [1℄.

Position resolutions and depletion depths were measured at CERN for various magneti
 �eld


on�gurations [2℄ and for dete
tors that had been irradiated with doses equivalent to several

years of LHC operation. Full details 
an be found in previous annual reports, in several

diploma works and in ref. [3, 4℄.

We are also designing and building the me
hani
al support and 
ooling stru
ture for the

pixel dete
tor in the Institute's workshop, as well as the servi
e tubes whi
h will 
ontain the

ele
tri
al and 
ooling lines. All these proje
ts are 
urrently in the R & D phase. During

last year most of our hardware e�orts were devoted to the 
ommissioning of the ATHENA

experiment. We nevertheless studied various pixel designs and studied their performan
es

before and after irradiation in the laboratory, and with a test beam at CERN. We also started

to 
ontribute towards simulation and re
onstru
tion for the tra
k�nder software.

10.2 Test of irradiated pixel sensors

In 2000 we irradiated the pixel sensors ordered earlier from SINTEF (Norway) and CSEM

(Neu
hâtel). They 
onsist of a 300 �m n-type sili
on bulk with n

+

pixel implants. The p-n

jun
tion was made by implanting a p

+

layer on the sensor ba
kside [5℄. In the non-irradiated

sensor the depletion zone grows from the p

+

side, but during irradiation, type inversion o

urs

and the depletion zone then grows from the pixel side. The prototypes from the two vendors

were irradiated with 24GeV/
 protons from the CERN-PS and with 300MeV/
 pions at

PSI. The devi
es were submitted to various 
harged parti
le 
uxes, some rea
hing 6 � 10

14

hadrons/
m

2

, whi
h 
orresponds to the a

umulated dose of the innermost layer after several

years of LHC operation.
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Figure 10.2: Left: one of the various guard-ring designs. Right: leakage 
urrents of irradiated

diodes with di�erent guard ring designs. Full 
urves: test up to 1 kV, dashed 
urved: test up

to 500 V.
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10.2.1 Guard ring design

The bias voltage needed to guarantee a suÆ
ient depletion depth in
reases with time due

to the a

umulation of radiation defe
ts and the sensors will eventually have to withstand a

bias voltage of several hundred volts. This requires an advan
ed guard ring stru
ture around

the sensor plate. Di�erent stru
tures have been designed, built and tested after irradiation.

One of them is shown in Fig. 10.2 (left).

The leakage-
urrents of nine di�erent diodes after irradiation with 6� 10

14

hadrons/
m

2

are plotted in Fig. 10.2 (right), as a fun
tion of bias voltage. The surfa
e surrounded by the

guard rings was between 1 and 4mm

2

. From the four devi
es that were tested up to 1 kV,

two sustained 1000 V, whereas two broke down already at 700V. The other devi
es were only

tested up to 500 V, with only one performing unsatisfa
torily below 500V. In 
on
lusion, a

guard-ring stru
ture of the type shown in Fig. 10.2 (left) is suitable for the harsh radiation

environment at LHC.

10.2.2 Pixel design

Sin
e the pixels 
onsist of n

+

sili
on in an n-type substrate they have to be insulated. This

is normally done with a narrow p

+

-ring around ea
h pixel, 
alled p-stop ring. When the

dete
tor is fully depleted the pixels are perfe
tly insulated against ea
h other. However, a

(hopefully small) fra
tion of pixels will fail, owing to the poor 
onne
tion with the readout


hip through the indium bump. The a

umulation of 
harge on these pixels will lead to

a lo
al breakdown through the narrow gap to the read-out 
hip, generating a dead 
luster

around the faulty pixel. This 
an be avoided by redu
ing the resistan
e between the pixels,

for instan
e with the atoll stru
ture and small openings in the p-stop rings shown in Fig. 10.3

(left). The long paths through the maze provide enough resistan
e, yet allow the a

umulated


harge to 
ow in a 
ontrolled way. Simulations show that the inter-pixel resistan
e should be

at least a few M
 in order not to in
uen
e the fast signal-
harge 
olle
tion.
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Figure 10.3: Left: Pixel layout with atoll-like open double p-stop rings. Right: Interpixel

resistan
e as a fun
tion of bias voltage, before and after irradiation, for a devi
e with only

one open p-stop ring.

Figure 10.3 (right) shows the resistan
e between one pixel and all of its neighbours for

a devi
e with only one open p-stop ring, before and after irradiation. The full depletion

voltage of the non-irradiated devi
e was 140 V. The quite di�erent shape of the irradiated


urve is due the bulk type-inversion. The resistan
e after irradiation has in
reased by several



Test of irradiated pixel sensors 51

orders of magnitude and is in the range of � 1G
. Figure 10.4 shows the behaviour of the

inter-pixel resistan
e as a fun
tion of 
uen
e (time integrated hadron 
ux). The maximal


uen
e of 6� 10

14


m

�2


orresponds roughly to a dose of 2� 10

5

Gy.

The inter-pixel resistan
e de
reases at low 
uen
ies but in
reases dramati
ally at higher

doses. The low 
uen
e behaviour 
ould be explained by the build-up of an ele
tron a
-


umulation layer at the surfa
e on the pixel-side. At higher doses the in
uen
e of surfa
e

defe
ts (redu
ed surfa
e mobility, interfa
e traps, et
) over-
ompensates for the e�e
t of the

a

umulated 
harge and lead again to an in
rease in resistan
e.
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Figure 10.4: Inter-pixel resistan
e as a fun
tion of pion 
uen
e for a typi
al CSEM devi
e

(left) and an oxygenated SINTEF devi
e (right), both with one open p-stop ring.

10.2.3 Oxygenated sili
on pixels

Re
ently, the CERN RD48 
ollaboration (also known as ROSE-
ollaboration) demonstrated

that a high oxygen 
on
entration in the sili
on bulk 
an in
rease the radiation hardness of

dete
tors. In fa
t, it redu
es the so-
alled � fa
tor, whi
h denotes the introdu
tion rate of

negative spa
e 
harge after type inversion [6℄. In Fig. 10.4 there is no dramati
 di�eren
e

between the high dose inter-pixel resistan
es of a CSEM and an oxygenated SINTEF devi
e,

and therefore oxygenation does not in
uen
e signi�
antly the surfa
e defe
ts. However, the

smaller � fa
tor is still useful, as it redu
es the full depletion voltage V (FD) after irradiation.

Several diodes were irradiated with pions at PSI to measure V (FD) and the doping 
on
en-

tration N

eff

. After a 
uen
e of 6�10

14

� 
m

�2

, V (FD) was about 190 V for the oxygenated

devi
e, whi
h 
orresponds to N

eff

=2.8 �10

12


m

�3

. However, V (FD) was mu
h higher for

the non-oxygenated devi
e (> 400 V), leading to N

eff

> 6� 10

12


m

�3

.

10.2.4 Beam tests

In summer 2000 a preliminary readout 
hip (DM PSI38), designed by our PSI 
olleagues

in radiation hard DMILL te
hnology, and fully equipped with bump bonded sensors, was

submitted to a beam test at CERN. We used the 220 GeV/
 pion beam H2 produ
ed with

the SPS proton beam. Figure 10.5 shows a remarkable Landau pulse height distribution for

events from one pixel only. Sin
e the 
hip was used in self-triggering mode, the noise peak is


ut o�.
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Figure 10.5: Left: Pulse height distribution from one pixel only, taken with 220 GeV/
 pions.

Right: Output signal distribution from the DM PSI30 
hip showing a signal from the bump

bonded pixel. The whole double 
olumn was read out after a pixel hit (see text).

A single event registered with our sensors by the DM PSI30 
hip is shown in Fig. 10.5

(right). The 
ontinuous line shows the 
ontents of the analogue 
ells of one double 
olumn.

The �rst analogue signals (up to 
ount 8 on the horizontal axis) 
onsist of time stamps and


olumn address. The analogue values of the 60 pixels of one double 
olumn are displayed

above x=9. The dashed signal marks a pixel with analogue signal above threshold. At x = 23

a 
lear analogue signal from pixel 14 
an be seen, 
on�rmed by its digital output.

To optimize the atoll design and in an attempt to in
rease the breakdown voltage after

irradiation, we will design and order a last bat
h of pixel sensors with various p-stop geome-

tries, before a �nal de
ision is taken in 2002. One possible way to remove the a

umulated


harge would be to implant a uniform p-layer on the surfa
e (p-spray te
hnique). On the

other hand, we have shown that the 
urrent layout is already adequate for several years of

LHC operation.

10.3 Tra
king at CMS: the 
ombinatorial forward Kalman �lter

With the high luminosity of the LHC, the 
hallenge of tra
k re
onstru
tion is to reliably �nd

tra
ks in a high density environment, where low luminosity events will feature around 5000

hits and high luminosity events ten times more. With this high number of hits, 
ombinatorial

problems 
an be severe, and the 
hallenge is to �nd for ea
h tra
k the 
orre
t 
ombination

of hits, while limiting the number of spurious 
ombinations leading to ghost tra
ks in a

reasonable amount of time.

Tra
ks usually leave between 8 and 15 hits in the tra
ker (pixel and sili
on dete
tors),

a

ording to their rapidity. However, some of these hits may be missed, due for example to

dete
tor ineÆ
ien
ies. The tra
k re
onstru
tion algorithm has therefore to ex
lude bad hits,

for example ba
kground hits near the tra
ks, and a

ommodate layers without hits.

Several algorithms were studied for CMS in the past [3℄. In the new obje
t-oriented re
on-

stru
tion framework (ORCA), the �rst method to be pursued is the 
ombinatorial forward

Kalman �lter. The Kalman �lter was extensively used in high energy physi
s experiments [7℄.

In the 
ombinatorial Kalman �lter only one tra
k is re
onstru
ted at a time, starting from

an initial traje
tory. It is a re
ursive pro
edure to estimate the tra
k parameters from a set

of re
onstru
ted hits, taking into a

ount the random perturbation of the parti
le traje
tory

due to the material traversed. The �lter pro
eeds iteratively from the innermost tra
ker
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layer towards the outer layers, starting from a 
oarse estimate of the tra
k parameters and

in
luding the information of the su

essive dete
tion layers, one by one.

The �rst step is the 
onstru
tion of the initial traje
tories, 
alled seeds. These are 
om-

posed of two hits in two pixel layers and the beam 
rossing region. In the present algorithm,

any 
ombination of two pixel layers are used, and seeds are 
onstru
ted for every pair of hits

pointing to the the beam 
rossing region and a spe
i�ed minimum transverse momentum.

In the next step, tra
k 
andidates are grown from ea
h seed: the initial seed traje
tory

is extrapolated to the next layer, a

ording to the expe
ted motion in the magneti
 �eld,

a

ounting for multiple s
attering and energy loss in the traversed material. On the new layer

several hits may be 
ompatible with the extrapolated traje
tory and thus several traje
tories

are 
onstru
ted, ea
h time with a di�erent hit. An additional traje
tory 
andidate is 
reated,

in whi
h no measured hit is used, to a

ount for tra
ks with no hit on that parti
ular layer. All

traje
tory 
andidates are then grown in turn to the next layer, and the pro
edure is repeated

until the outer layer of the tra
ker is rea
hed. To avoid a bias, the traje
tory 
andidates are

grown in parallel and, to limit the number of 
ombinations, only the 
andidates with the best

�

2

are kept. Ea
h seed usually leads to a large number of mutually ex
lusive traje
tories

whi
h are partly 
omposed of the same hits. A subset of 
ompatible 
andidates, based on the

number of hits shared and the tra
k qualities, is therefore sele
ted to resolve hit assignment

ambiguities.
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Figure 10.6: Algorithmi
 (left) and global (right) tra
k re
onstru
tion eÆ
ien
ies in single

muon events, as a fun
tion of pseudo-rapidity �.

Currently, a re
onstru
ted tra
k is required to have a minimum of 8 hits, with a hit missing

in at most one layer. Two de�nitions are used for the tra
k re
onstru
tion eÆ
ien
y. The

algorithmi
 eÆ
ien
y 
orresponds to tra
ks whi
h have at least 8 hits in the tra
ker, among

them at least 2 in the pixel dete
tor. The global eÆ
ien
y is the re
onstru
tion eÆ
ien
y

for all tra
ks. In addition to the algorithmi
 eÆ
ien
y, it also in
ludes the a

eptan
e,

hit eÆ
ien
y and any other fa
tor in
uen
ing re
onstru
tion. It mainly di�ers from the

algorithmi
 eÆ
ien
y in the forward region due to the loss of 
overage.

The algorithmi
 and global tra
k re
onstru
tion eÆ
ien
ies for single muon events are

shown in Fig. 10.6. In the 
entral region (j�j < 1) the algorithmi
 eÆ
ien
y is nearly 100%.

In the j�j > 1 region, the 
urrent algorithmi
 eÆ
ien
ies of all samples are between 92% and
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Figure 10.7: Algorithmi
 (left) and global (right) tra
k re
onstru
tion eÆ
ien
ies in b

�

b jet

events.

97%. This somewhat low eÆ
ien
y has been tra
ed to short
omings in the simulation.

The algorithmi
 and global tra
k re
onstru
tion eÆ
ien
ies for b

�

b jet events are shown

in Fig. 10.7. The pseudo-rapidity bins 
orrespond to the axis of the jets, and not to that of

individual tra
ks.

Sin
e no ineÆ
ien
y related to the algorithm itself was found, the present e�ort is on

improving the speed of the re
onstru
tion (seed and traje
tory building). At full luminosity,

the large number of hits in the pixel layers leads to a very large number of seeds whi
h do

not grow into real tra
ks. Methods to reje
t spurious 
ombinations as qui
kly as possible are

being studied.
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11.1 Introdu
tion

In the previous year we have 
ontinued and extended our studies of the fundamental phys-

i
al properties of high-temperature super
ondu
tors (HTS) and related magneti
 systems.

One main resear
h proje
t involves detailed oxygen isotope (

16

O/

18

O) e�e
t (OIE) studies

on various physi
al quantities and phenomena (
riti
al temperature, in-plane penetration

depth, resistivity, 
harge and spin dynami
s, stripe formation) in these systems in order to

explore the role of latti
e e�e
ts in 
uprate systems. In another proje
t, we have 
ontin-

ued our investigation of the magneti
, ele
troni
 and thermal properties of HTS, that we

have started several years ago. A great advantage of our work is the appli
ation of 
om-

plementary experimental te
hniques, su
h as muon-spin rotation (�SR), nu
lear magneti


resonan
e (NMR), nu
lear quadrupole resonan
e (NQR,) ele
tron paramagneti
 resonan
e

(EPR), together with bulk SQUID and torque magnetometry measurements, resistivity, and

thermal measurements. The s
ienti�
 merit of this work is to gain new information on the

relevant physi
al properties of HTS and related systems whi
h may help to 
larify the nature

of high-temperature super
ondu
tivity.

11.2 Studies of oxygen isotope e�e
ts

11.2.1 Oxygen isotope e�e
ts in manganites

Despite tremendous experimental e�orts [1℄, the basi
 physi
s and the mi
ros
opi
 me
ha-

nism for the 
olossal magnetoresistan
e (CMR) in doped manganites remain 
ontroversial

[2, 3, 4℄. Several theoreti
al investigations [2, 3℄ indi
ate that in the paramagneti
 state

the ele
tron-phonon 
oupling 
onstant � is large enough to form small polarons while the

growing ferromagneti
 order in
reases the bandwidth and thus de
reases � suÆ
iently to

form a large polaron metalli
 state. On the other hand, Alexandrov and Bratkovsky [4℄ have

re
ently argued that the model suggested by Millis et al. [2℄ 
annot quantitatively explain

CMR, and thus proposed an alternative CMR theory. The basi
 idea of their model is that

the small polarons form lo
alized bound pairs (bipolarons) in the paramagneti
 state, while
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the 
ompeting ex
hange intera
tion of the polaroni
 
arriers with lo
alized spins drives the

ferromagneti
 transition. The transition is a

ompanied by a giant in
rease in the number

of small polarons whi
h are mobile 
arriers and move 
oherently at low temperatures. This

model appears to be able to explain the CMR quantitatively.

In order to dis
riminate among those di�erent models, we study the oxygen

16

O vs.

18

O

isotope e�e
ts on the transport properties in several doped manganites. The OIE on the

intrinsi
 resistivity was obtained from high-quality epitaxial thin �lms of La

0:75

Ca

0:25

MnO

3

and Nd

0:7

Sr

0:3

MnO

3

. The OIE on the thermoele
tri
 power S was studied in 
erami
 samples

of La

1�x

Ca

x

MnO

3

, sin
e the grain-boundary e�e
t on S is negligible.

In the low-temperature ferromagneti
 state, the intrinsi
 resistivity of these 
ompounds

shows a strong dependen
e on the oxygen isotope mass. The residual resistivity of the �lms

in
reases by 15(3)% upon repla
ing

16

O with

18

O [5℄. In 
ontrast, the thermoele
tri
 power

is nearly independent of the oxygen isotope mass [6℄. The observed large isotope e�e
t on

the resistivity and negligible e�e
t on the thermoele
tri
 power are in quantitative agreement

with a theory based on a novel polaroni
 Fermi liquid [6℄. The existen
e of a polaroni
 Fermi-

liquid state in the ferromagneti
 state is also 
onsistent with the CMR theory by Alexandrov

and Bratkovsky [4℄.

In the paramagneti
 state, the resistivity data 
an be well �t by [7℄

� =

A

p

T

exp(E

�

=k

B

T );

where A = (ah=e

2

p

k

B

)(1:05W

p

)

1:5

=~!

o

, W

p

is the polaron bandwidth, and E

�

is the a
ti-

vation energy. We found that, upon repla
ing

16

O with

18

O, the parameter A de
reases by

35(5)%, and E

�

in
reases by 13.2(5) meV [7℄. The strong isotope dependen
e of E

�

is not


onsistent with a simple small polaron hopping 
ondu
tion me
hanism where E

�

is nearly

independent of the isotope mass. However, this isotope e�e
t is in quantitative agreement

with a s
enario where immobile bipolarons are formed in the paramagneti
 state [7℄, and thus

give a strong support to the CMR theory proposed by Alexandrov and Bratkovsky [4℄.

11.2.2 Oxygen isotope e�e
ts in 
uprates

a) Charge and spin dynami
s in YBa

2

Cu

4

O

8

studied by NMR/NQR

Re
ently we performed high a

ura
y

63

Cu NQR spin-latti
e relaxation and SQUID magne-

tization measurements on

16

O and

18

O ex
hanged YBa

2

Cu

4

O

8

and determined the isotope

shift of the opening of the spin-pseudogap, T

�

, and the super
ondu
ting transition temper-

ature T




. The 
orresponding isotope exponents are �

T

�

= 0.061(8) and �

T




= 0.056(12),

whi
h are the same within error bars and suggest a 
ommon origin for the super
ondu
ting

and the spin-pseudogap [8℄. This result is in 
ontrast to a re
ent study [9℄ whi
h reported

the absen
e of an OIE in the pseudogap of YBa

2

Cu

4

O

8

as determined by

89

Y Knight shift.

To resolve this 
ontroversy we de
ided to perform high pre
ision Cu Knight shift measure-

ments on the same samples we used in the spin-latti
e relaxation measurements. For this

purpose we �rst had to measure a

urately on both oxygen ex
hanged samples the Cu NQR

frequen
y (zero magneti
 �eld), shown in the left part of Fig. 11.8. After orientating the

YBa

2

Cu

4

O

8

powder grains in the 9T-magnet and �xing them in epoxy resin, we performed

Cu Knight shift measurements for the orientation of the grains with their 
-axis perpendi
-

ular to the magneti
 �eld. In the right part of Fig. 11.8 we exhibit the �nal result obtained

for the Knight shift after 
orre
ting for quadrupolar e�e
ts. There is de�nitely an OIE on

the pseudogap determined by the Cu Knight shift. For the 
orresponding pseudogap energy

s
ale we �nd values of 239.5 K and 237.4 K for

16

O and

18

O, respe
tively. The Knight shift
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Figure 11.8: Oxygen isotope e�e
t on NMR and NQR of plane 
opper in YBa

2

Cu

4

O

8

. Left:

temperature dependen
e of the NQR frequen
y. Right: temperature dependen
e of the Knight

shift.

isotope exponent amounts to 0.085(44) whi
h is in error bar limits the same as for T

�

. Thus

we 
learly demonstrate that spin-latti
e relaxation and Knight shift show the same OIE on

the pseudogap with an isotope exponent equal to the one of T




. Looking 
loser at the NQR

frequen
y (�

Q

) dependen
e of

16

O and

18

O samples (Fig. 11.8) we noti
ed an additional

interesting OIE. Besides the roughly 
onstant 15 kHz shift between the two samples whi
h


omes from the di�eren
e in the quantum me
hani
al zero-point displa
ement and thermal

latti
e expansion, we observed a strong OIE in the temperatures where the �

Q

(T ) 
urves

have their minima and their largest slopes, respe
tively. Subtra
ting from �

Q

(T ) a latti
e


ontribution, 
orre
ted for thermal expansion, we end up with a "rest" 
ontribution that has

to 
ome from 
harge redistribution in the CuO

2

plane, presumably 
onne
ted to the forma-

tion of a new pseudogap. Quantifying this "rest" 
ontribution by �tting it with an expression

similar to the one used for the Knight shift leads to energy s
ales of 186.4 K and 177.8 K

for

16

O and

18

O, respe
tively. The 
orresponding isotope exponent was found to be 0.45(11)

whi
h is quite di�erent from what the spin-pseudogap shows. The NQR frequen
y involves

no spin but 
harge only, however, all the 
harges irrespe
tive of what state they o

upy. This


ontrasts the spin-pseudogap as observed by spin latti
e-relaxation and by Knight shift where

only spins of ele
trons 
lose to the Fermi surfa
e get involved. However, it is evident from

the results shown in Fig. 11.8 that the NQR frequen
y reveals independent ele
troni
 
harge

features that appear to 
oexist with the spin-pseudogap and super
ondu
tivity.

b) Rare earth ion size e�e
ts in LaSrCuO 
ompounds

The OIE on the suppression of the super
ondu
ting transition temperature T




indu
ed by

the substitution of La by Eu in the 
ompound (La

1�y

Eu

y

)

2�x

Sr

x

CuO

4

was systemati
ally

investigated in the framework of a diploma thesis. For this purpose, a series of samples

of (La

1�y

Eu

y

)

2�x

Sr

x

CuO

4

with Sr 
ontents x = 0.1, 0.15, and 0.20 and Eu 
ontents y =

0.00, 0.05, and 0.10, were synthesized by means of standard solid state rea
tion sample

preparation te
hniques. The oxygen-isotope ex
hange

16

O !

18

O was 
arried out by Dr.
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K. Conder at the Paul S
herrer Institute (PSI) in Villigen, Switzerland. The super
ondu
ting
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(La1-yEuy)2-xSrxCuO4 Figure 11.9: Oxygen-isotope exponent �

O

of T




as a fun
tion of Eu substitution level

in (La

1�y

Eu

y

)

2�x

Sr

x

CuO

4

for Sr 
on
entra-

tions x = 0.10, 0.15, and 0.20. Note that the

rate at whi
h �

O

in
reases for the overdoped

(x = 0.20) samples amounts only �27% of

the rate found in the underdoped (x = 0.10)

samples, demonstrating the strong doping de-

penden
e of the Eu indu
ed enhan
ement of

�

O

.

transition temperature T




and hen
e its dependen
e on the Sr and Eu 
ontent were determined

by magneti
 sus
eptibility measurements. The results are as follows: First, T




de
reases

drasti
ally with in
reasing Eu 
on
entration, whereby the T




suppression is most eÆ
ient in

the underdoped regime. Repla
ement of 10% of La

3+

(ioni
 radius r

K

= 114 pm) by the

smaller rare-earth ion Eu

3+

(r

K

= 95 pm) redu
es T




below 5 K. Se
ond, the oxygen-isotope

exponent �

O

of T




de
reases almost linearly with in
reasing 
harge 
arrier 
on
entration, i.e.

the OIE is most pronoun
ed in the underdoped regime for all Eu 
on
entrations. Furthermore,

�

O

in
reases nearly linearly with in
reasing Eu 
ontent for all 
harge 
arrier 
on
entrations

(Fig. 11.9). These �ndings 
on�rm the well known generi
 trend that �

O

is largest for lowest

T




.

Moreover, our results for the Eu indu
ed suppression of T




are 
onsistent with the physi
al

model, re
ently proposed for the Nd indu
ed suppression of T




in (La

1�y

Nd

y

)

2�x

Sr

x

CuO

4

[10℄. The basi
 idea of this model involves the bu
kling of the CuO

2


ondu
tion layers 
aused

by the mismat
h between the radii of the rare-earth ions whi
h is responsible for the disap-

pearan
e of super
ondu
tivity in the low temperature tetragonal (LTT) stru
tural phase.


) Stripe formation and stru
tural phase transitions in LaSrCuO 
ompounds

The observation of alternating spin and 
harge stripes below a 
hara
teristi
 temperature

T

�

[11, 12℄ has added a new feature to the phase diagram of the high-temperature 
uprate

super
ondu
tors. The stripe phase was suggested to be important to the understanding of the

pairing me
hanism in these materials [13℄. However, the mi
ros
opi
 origin of the stripe phase

is still a matter of debate. Con
erning the high-T




materials, most studies of the stripe phase

were 
on
entrated on 214 
ompounds with a doping level 
lose to 1/8. It was shown that in

Nd-substituted La

1:48

Nd

0:4

Sr

0:12

CuO

4

, the stripe phase is stati
, and no super
ondu
tivity is

observed [11℄. On the other hand, the stripe phase in Nd-free samples (e.g., La

1:94

Sr

0:06

CuO

4

)

is dynami
 and super
ondu
tivity survives [14℄. This indi
ates that Nd substitution has

substantial e�e
ts on both the dynami
s of the stripe phase and super
ondu
tivity.

However, it is still not 
lear how Nd substitution e�e
ts the physi
al properties of the

La

2�x

Sr

x

CuO

4

system. The 
ompli
ation is asso
iated with the fa
t that a partial substitu-

tion of La by Nd in La

2�x

Sr

x

CuO

4

indu
es a stru
tural-phase transition, whi
h o

urs (for

40% substitution) at about 80 K, while the 
harge stripe formation takes pla
e near 65 K.

This 
ompli
ation is even more pronoun
ed in the 
ompound La

1:875

Ba

0:125

CuO

4

, where the

stru
tural phase transition is 
learly observable at 57 K (see Annual Report 1999/2000),

while the 
harge stripe formation temperature is near 54 K, whi
h renders the two transi-
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tions almost indistinguishable. Therefore, it is natural to ask whether these two phenomena

are related to ea
h other. If they are related, the OIE on the 
harge-stripe formation tem-

perature might be 
aused by the OIE on the stru
tural phase transition temperature or

vi
e versa. In order to 
larify the situation, it is ne
essary to synthesize a 
ompound in

whi
h the two transitions o

ur at 
learly distin
t temperatures. This 
ondition is ful�lled

in the 
ompound (La

0:9

Eu

0:1

)

1:875

Sr

0:125

CuO

4

, where the stru
tural phase transition takes

pla
e around 120 K, whereby the 
harge ordering temperature is 65 K [15℄. Therefore, the


ompounds (La

0:9

Eu

0:1

)

1:875

Sr

0:125

CuO

4


ontaining the oxygen isotopes

16

O and

18

O were


hosen for our studies of the relation between the OIE on the 
harge stripe formation and

the stru
tural-phase transition temperatures.

One of the strongest signatures of a possible stripe formation in the La

2�x

Sr

x

CuO

4

system

was found in the so-
alled wipeout e�e
t for the

63

Cu NQR signal [15℄. On 
ooling the

number of

63

Cu nu
lei 
ontributing to the signal starts to de
rease at a 
ertain temperature

(even above T




), whi
h is identi�ed as the onset temperature for stripe formation. At low

temperature the signal 
ompletely disappears. We performed an OIE study of the

63

Cu-

NQR-wipeout e�e
t in La

1:875

Ba

0:125

CuO

4

and (La

0:9

Eu

0:1

)

1:875

Sr

0:125

CuO

4

. The results

are shown in Fig. 11.10. The wipeout e�e
t is des
ribed by a normalized fa
tor F whi
h

10 15 20 25 30 35 40 45 50 55 60 65 70

0.0

0.2

0.4

0.6

0.8

1.0

(La0.9Eu0.1)1.875Sr0.125CuO4

Temperature [K]

16O

18O
a)

N
Q

R
 w

ip
eo

ut
 fr

ac
tio

n 
F

10 15 20 25 30 35 40 45 50 55 60
0.0

0.2

0.4

0.6

0.8

1.0

18O
16O

Temperature [K]

La1.875Ba0.125CuO4

b)

Figure 11.10: NQR-wipeout e�e
t in La

1:875

Ba

0:125

CuO

4

and (La

0:9

Eu

0:1

)

1:875

Sr

0:125

CuO

4

.

The e�e
t is represented by a normalized fa
tor F, as introdu
ed in Ref. [15℄. Curves are

guides to the eye.

represents sort of an order parameter for 
harge stripe formation. The 
harge stripe formation

onset-temperature in (La

0:9

Eu

0:1

)

1:875

Sr

0:125

CuO

4

was found to be 63(2) K, whi
h is in good

agreement with the value reported in Ref. [15℄. Heat 
apa
ity measurements on the identi
al

sample revealed a 
learly dis
ernible stru
tural phase transition at 116(2) K, in agreement

with 119 K reported in earlier work [16℄. However, within experimental errors we have not

been able to dete
t any 
lear OIE on both transition temperatures.

This is in 
ontrast to the situation in La

1:875

Ba

0:125

CuO

4

, where we observe an oxygen-

isotope shift of 2 K on both the stru
tural phase transition around 57 K (from our heat


apa
ity data) and on the 
harge stripe formation temperature (from our NQR wipeout data

in Fig. 11.10b). Hen
e, the situation in (La

0:9

Eu

0:1

)

1:85

Sr

0:15

CuO

4

is less 
lear, and we 
annot
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draw any further 
on
lusions on the mi
ros
opi
 me
hanism responsible for the o

urren
e

of the observed phase transition and its dependen
e on oxygen-isotope ex
hange.

At this point it should be mentioned that there exists an alternative point of view 
on
erning

the interpretation of the NQR-wipeout e�e
t as a measure of stripe order. A

ording to Ref.

[17℄ this e�e
t also 
ould be explained by the glassy nature of the magneti
 freezing: slow

spin dynami
s shorten 
opper nu
lear relaxation times, and these nu
lei be
ome unobservable

below a threshold value of relaxation times. Be
ause the dynami
s is spatially inhomogeneous

and the freezing o

urs on a wide temperature interval, the NQR signal disappears gradually

on 
ooling.

d) Measurements of the magneti
 penetration depth by �SR

There is in
reasing eviden
e that a strong ele
tron-phonon 
oupling is present in 
uprate su-

per
ondu
tors, whi
h may lead to the formation of polarons (bare 
harge 
arriers a

ompanied

by lo
al latti
e distortions) [18, 19℄. However, it is not 
lear whether these normal-state pola-

roni
 
arriers 
ondense into Cooper pairs in the super
ondu
ting state. One way to test this

hypothesis is to demonstrate that the e�e
tive mass of the super
arriers m

�

depends on the

massM of the latti
e atoms. This is in 
ontrast to 
onventional BCS super
ondu
tors, where

only the `bare' 
harge 
arriers 
ondense into Cooper pairs, and m

�

is essentially independent

of M .

A

ording to the London model the in-plane penetration depth �

ab

in 
uprate super
on-

du
tors (
lean limit) obeys the simple relation: �

�2

ab

(0) / n

s

=m

�

ab

; where n

s

is the 
harge


arrier density, and m

�

ab

is the in-plane e�e
tive mass of the super
ondu
ting 
harge 
arriers.

Thus a possible mass dependen
e of m

�

ab


an be measured by investigating the isotope e�e
t

on the penetration depth. Previous OIE studies of the penetration depth in La

2�x

Sr

x

CuO

4

indeed showed a pronoun
ed oxygen-mass dependen
e on the super
arrier mass [20, 21, 22℄.

However, in all these experiments � was extra
ted indire
tly, either from the Meissner fra
tion

[20, 21℄, or from magneti
 torque measurements [22℄.

The �SR te
hnique is one of the most dire
t and a

urate methods to determine the

penetration depth � in type II super
ondu
tors. Detailed �SR investigations of poly
rystalline

samples of 
uprate super
ondu
tors have demonstrated that � 
an be obtained from the muon

spin depolarization rate �(T ) / 1=�

2

(T ), whi
h probes the magneti
 �eld distribution in the

mixed state. For highly anisotropi
 super
ondu
tors (like the 
uprate super
ondu
tors) � is

solely determined by the shortest penetration depth �

ab

, and the following relation holds [23℄:

�(T ) / 1=�

2

ab

(T ) / n

s

=m

�

ab

:

In the last year we used transverse-�eld �SR in order to study the OIE on �

ab

in underdoped

powder samples of Y

1�x

Pr

x

Ba

2

Cu

3

O

7�Æ

with x = 0:3 and 0.4. Preliminary results 
learly

indi
ate a pronoun
ed OIE on �

�2

ab

whi
h in
reases with de
reasing T




. For x = 0:3 and

0.4 the OIE was found to be ��=� = ��

�2

ab

=�

�2

ab

= �4(1)% and -7(1)%, respe
tively, in

agreement with the re
ent magneti
 torque measurements on La

2�x

Sr

x

CuO

4

[22℄. These

experiments are the �rst dire
t demonstration of an OIE on the magneti
 penetration depth

in a 
uprate super
ondu
tor, implying that latti
e vibrations indeed play a role in high-

temperature super
ondu
tivity.
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11.3 Thermal and transport studies

11.3.1 New developments in instrumentation

An old and very sensitive method to dete
t phase transitions in solids is the di�erential-

thermal analysis (DTA). It is widely used in 
hemi
al s
ien
es for measurements above room

temperature. However, re
ently it has also been used to measure heat 
apa
ities of super-


ondu
tors between 40 K and 300 K [24℄. The method is so sensitive that the latent heat

of vortex-latti
e melting in YBa

2

Cu

3

O

7�Æ


ould be measured for the �rst time [25℄. We

wire cooling
heat switch

DTA unit

heater unit

Figure 11.11: Central part of low-

temperature DTA-insert

extended the DTA method des
ribed in Ref. [24℄ using 
ryogeni
 resistan
e thermometers.

With this new setup we a
hieved a relative a

ura
y in heat 
apa
ity of at least 1 part in

10000 on samples with a mass of typi
ally 20 mg, with a data-point density of 1000 points

per Kelvin and higher. The measuring 
ell, shown in Fig. 11.11, is inserted into a split-


oil magnet system that allows us to explore angular dependent properties in an external

magneti
 �eld. This is of parti
ular interest for studying anisotropi
 super
ondu
tors at low

temperatures whi
h are expe
ted to show a variety of phenomena related to vortex physi
s.

We su

essfully tested the apparatus on a 16 mg sample of super
ondu
ting niobium (T




'

9 K). Sin
e the thermometers are 
alibrated up to room temperature, the same setup 
an be

used to perform measurements in the temperature range 2.5 K to 300 K. This work was done

in the framework of a diploma thesis.

In the 
ontext of the te
hni
al part of another diploma thesis an independent and fully

automated devi
e for ele
tri
al four-point transport measurements was designed and built.

Two main spe
i�
ations guided the development of this devi
e: 1) The possibility to qui
kly

stabilize the temperature of the sample within 0.1 K; 2) The minimization of thermal gradients

a
ross the sample holder, in order to keep the di�eren
e between the temperature at the

sensor site and the e�e
tive temperature at the sample site as small as possible. In order to


omply with these requirements, a whole experimental setup was put on stream, 
omprising

a He 
ow 
ryostat, a temperature 
ontroller for the sample holder, a 
ryosorption pump

(with automati
 nitrogen re�ll relay 
ir
uit), a digital nano-voltmeter, a d
 
urrent sour
e,

and a measurement 
omputer with IEEE interfa
e 
ard. A Labview program performs the

readings and settings for the a
tual four-point measurements and 
ontrols the sequen
e in

the temperature pro�le entered by the user.

Basi
ally, the temperature stabilization pro
ess involves the temperature 
ontrollers of

both, the 
ryostat and the sample holder. As the thermal inertia of the 
ryostat is large, it
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takes up to 10 minutes until a new 
ryostat temperature is stabilized. However, very fast

temperature 
hanges of the sample away from the 
ryostat temperature 
ould be realized by

integrating a powerful heating foil on the sample holder. Thermal relaxation tests revealed

that temperature steps of 10 K are well stabilized within about 30 s. The a

ura
y of typi
al

resistan
e data was found to be �10 �
.

11.3.2 Ele
tri
al transport in doped manganites

A number of experiments have provided strong eviden
e for the existen
e of small pola-

roni
 
harge 
arriers and their hopping 
ondu
tion in the paramagneti
 state of manganites.

However, the nature of the 
harge 
arriers and the ele
tri
al transport me
hanism in the

low-temperature metalli
 state have not been resolved. At low temperatures, a dominant T

2


ontribution in resistivity is generally observed, and has been as
ribed to ele
tron-ele
tron

s
attering [26℄. Jaime et al. [27℄ have re
ently shown that the resistivity is essentially temper-

ature independent below 20 K and exhibits a strong T

2

dependen
e above 50 K. In addition,

the 
oeÆ
ient of the T

2

term is about 60 times larger than that expe
ted for ele
tron-ele
tron

s
attering. They thus ruled out the ele
tron-ele
tron s
attering as the 
ondu
tion me
hanism

and proposed single magnon s
attering with a 
uto� at long wavelengths. In their s
enario

[27℄, they 
onsidered a 
ase where the manganese e

g

minority (spin-up) band lies slightly

above the Fermi level (in the majority spin-down band) with a small energy gap of about

1 meV. This is in 
ontradi
tion with opti
al data [28℄ whi
h show that the manganese e

g

minority band is well above the Fermi level. This suggests that the 
ondu
tion me
hanism

proposed in ref. [27℄ is not relevant.
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Figure 11.12: Low temperature resistivity �(T )

for a high-quality �lm of La

0:75

Ca

0:25

MnO

3

.

The solid line is a �t to the data using Eq. 11.1

with ~!

s

=k

B

= 74.5(4) K.

Re
ently, Alexandrov and Bratkovsky [4℄ have proposed a theory for 
olossal magnetore-

sistan
e in doped manganites. Their model predi
ts that small polaroni
 transport is the

prevalent 
ondu
tion me
hanism even below the ferromagneti
 ordering temperature T

C

. If

their model is indeed relevant, the temperature dependen
e of the resistivity should agree

with polaron metalli
 
ondu
tion. This is indeed the 
ase as demonstrated by us [29℄. There

are three 
ontributions to the resistivity: the residual resistivity �

o

, the term AT

4:5


on-

tributed from 2-magnon s
attering [30℄, and the term B!

s

= sinh

2

(~!

s

=2k

B

T ), whi
h arises

from polaron 
oherent motion involving a relaxation due to a soft opti
al phonon mode that

is strongly 
oupled to the 
arriers [29℄. Here !

s

is the frequen
y of a soft opti
al mode. The

low-temperature resistivity is then given by [29, 31℄

�(T ) = �

o

+AT

4:5

+B!

s

= sinh

2

(~!

s

=2k

B

T ): (11.1)
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Fig. 11.12 shows �(T ) data for a high-quality epitaxial thin �lm of La

0:75

Ca

0:25

MnO

3

. The

data 
an be well �tted by Eq. 11.1 with ~!

s

=k

B

= 74.5(4) K. If we allow the power in the

se
ond term of Eq. 11.1 to be a �tting parameter, the best �t gives a power of 4.2(4) [32℄,

very 
lose to 4.5 expe
ted from 2-magnon s
attering [30℄. Furthermore, the 
oeÆ
ient A is

in quantitative agreement with the predi
tion of 2-magnon s
attering [32℄. This provides the

�rst bulk experimental eviden
e of half-metalli
 ferromagnetism in doped manganites [32℄.

11.3.3 Phase transition of the vortex latti
e in 
uprates

It is well known from thermal experiments that the vortex-latti
e melting-transition in

YBa

2

Cu

3

O

7�Æ

for magneti
 �elds parallel to the 
rystallographi
 
-axis is a �rst-order phase

transition [25, 33, 34, 35℄. The measured latent heats of melting, L = T�S, are in very good

agreement with theoreti
al predi
tions based on an anisotropi
 London model [36, 37℄. When

the applied magneti
 �eld H is tilted away from 
, one expe
ts a 
ertain s
aling behavior of

the melting �elds H

m

(T) and of the asso
iated dis
ontinuities in entropy, �S.

However, it has been 
on
luded from resistivity data in a perfe
t H==ab geometry that

deviations from the standard anisotropi
 s
aling behavior [36, 37℄ should o

ur within 0.3

degrees around H==ab [38℄. Within this narrow range of angles, we may expe
t that the

vortex physi
s is in
uen
ed by the layered 
rystal stru
ture of the material, and a state with

intrinsi
 vortex pinning should develop. Early theoreti
al work has predi
ted the o

urren
e

of a se
ond-order phase transition of the H==ab Josephson-vortex latti
e to a 
orresponding


uid state [39℄. The thermodynami
s of this state is experimentally unexplored. Our pre-

vious work on the angular dependen
e of �S [25, 33℄ did not rea
h suÆ
ient resolution to

explore a perfe
t H==ab geometry. We have very mu
h improved the a

ura
y, so we 
an

test whether the thermodynami
s of the vortex matter near H==ab deviates from 
ontinuum-

theory expe
tations or not.
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Figure 11.13: Entropies of vortex-latti
e melting in YBa

2

Cu

3

O

7�Æ

from 250 spe
i�
-heat

experiments for varying external magneti
 �eld H and angle � between H and the 
-axis of

the 
rystal. In agreement with 
ontinuum theory, all �S(T) data 
ollapse onto one single


urve.

To do this, we have 
arefully investigated the angular dependen
e of the thermodynami


quantities H

m

(T) and �S of an untwined YBa

2

Cu

3

O

7�Æ

single 
rystal (T




= 92.5 K) using

our new high-resolution 
alorimeter with an angular resolution of 0.01 degrees. We have
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performed a series of 250 heat-
apa
ity measurements for a varying H==
, and for a �xed

�

0

H = 3 T, 5 T and 7.5 T and varying angle between H and 
, respe
tively (see Fig. 11.13).

A

ording to 
onventional 
ontinuum theory, the melting entropies �S for H==ab should


oin
ide with the respe
tive data obtained at the same temperature in a H==
 geometry. For

instan
e, �S for H==ab in �

0

H = 7.5 T at T = 89.8 K should be the same as �S for H==


in �

0

H = 0.86 T for H==
 at the same temperature. Within the a

ura
y of our apparatus,

�S behaves as predi
ted by an anisotropi
 London theory, also for H==ab. There is still a

measurable latent heat, at exa
tly the temperature 
al
ulated from an anisotropi
 
ontinuum

theory. We do not see any 
hange in the thermodynami
s of the vortex system for H==ab in

the investigated 
rystal.

Very re
ent theoreti
al [40℄ and experimental [41℄ work indi
ates, however, that signi�
ant

deviations from 
ontinuum theory 
an o

ur only in 
uprate super
ondu
tors with a ele
troni


anisotropy larger than in optimally doped YBa

2

Cu

3

O

7�Æ

. Suitable 
andidates for similar

experiments are therefore oxygen depleted YBa

2

Cu

3

O

7�Æ

and Bi

2

Sr

2

CaCu

2

O

8

.

11.4 Spe
tros
opi
 studies of 
uprates (not related to isotope e�e
ts)

11.4.1 NMR and NQR studies

In a 
ollaboration with Dr. J. Karpinski (ETHZ) the in
uen
e of Sr for Ba substitution on

the stru
ture and 
harge distribution in YBa

2

Cu

4

O

8

was studied by NQR and 
ompared to

an extensive bond-valen
e sum (BVS) investigation [42℄. The NQR frequen
y �

Q

of the plane


opper is very sensitive to 
hanges in the density of hole 
harge 
arriers n in the CuO

2

planes.

NQR experiments for YBa

2

Cu

3

O

7�x

and La

2�x

Sr

x

CuO

4

show that �

Q

of the plane 
opper

nu
lei shifts towards higher values with in
reasing hole 
harge 
arrier 
on
entration in the

planes. In the YBa

2

Cu

3

O

7�x

family �

Q


hanges at 100 K from 23.18 MHz in underdoped

YBa

2

Cu

3

O

6

to 31.53 MHz in YBa

2

Cu

3

O

7

. In the La

2�x

Sr

x

CuO

4

system, �

Q

in
reases linearly

with Sr doping from 33 MHz for x=0 to 36.2 MHz for x=0.15. Assuming that ea
h Sr ion

delivers one hole 
harge 
arrier into the CuO

2

plane one gets a frequen
y 
hange of d�

Q

/dn

= 21 MHz/hole. This result is used to estimate the in
rease of n in the CuO

2

planes of

YBa

2�x

Sr

x

Cu

4

O

8

when Ba is substituted by isovalent Sr. The measurements of �

Q

of plane


opper in YBa

2�x

Sr

x

Cu

4

O

8

show an in
rease by 330 kHz for x = 0.3 and by 610 kHz for x

= 0.6 as 
ompared to the pure x = 0 material. The in
rease in �

Q

is approximately linear

in x, and thus one 
an 
on
lude that the plane hole 
harge 
arrier 
on
entration in
reases by

0.016 hole/Cu for x = 0.3 and 0.029 hole/Cu for x = 0.6. Sin
e Sr and Ba are isovalent, this

in
rease has to 
ome from a 
harge redistribution in the stru
ture. With x in
reasing, �

Q

of


hain 
opper de
reases for almost the same value as �

Q

of plane 
opper in
reases suggesting

a 
hain to plane hole transfer. These results support BVS 
al
ulations whi
h show a general

in
rease of hole 
on
entration and, in addition, a 
lear indi
ation of redistribution of holes

between 
opper and oxygen in the CuO

2

planes. The estimated values of the 
harge transfer

di�er slightly between BVS and NQR results. This is understandable in view of the 
rudeness

of these two empiri
al approa
hes, whi
h negle
t other e�e
ts like volume 
hange and strain


aused by substitutions.

In a similar 
opper NQR study of YBa

2

Cu

4

O

8

the in
uen
e on stru
ture and 
harge

distribution by substituting Y with isovalent RE ions was investigated. A 
lear trend was

observed showing an in
rease in NQR frequen
ies for plane as well as 
hain 
opper sites

with in
reasing ioni
 radii of RE ions in the sequen
e Er, Ho, Y, Dy, Gd, Sm, Nd. These

�ndings 
an be explained by a 
hange in the 
hain to plane hole transfer, 
ombined with

an appre
iable variation of latti
e parameters, and have to be 
ompared with the results

obtained from a detailed BVS investigation.
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11.4.2 �SR studies of rutheno
uprates

There have been a number of re
ent reports of the 
oexisten
e of super
ondu
tivity and

long-range magneti
 order in the new 
lass of hybrid rutheno
uprates RuSr

2

LnCu

2

O

8

(Ru-

1212) and RuSr

2

(Ln

1+x

Ce

1�x

)Cu

2

O

10

(Ru-1222) (Ln= Sm, Eu, and Gd) [43, 44℄. These


ompounds have a layered stru
ture with alternating CuO

2

and RuO

2

layers. It seems that

super
ondu
tivity is developed in CuO

2

layers like in high-T





uprates and magnetism is

due to the RuO

2

planes. Till now most of the reports have fo
used on a Ru-1212 phase,

where the magneti
 transition is observed at T

m

=133 K and the onset temperature of super-


ondu
tivity is T




=35 K. Several experiments were performed to 
on�rm the 
oexisten
e of

super
ondu
tivity and magnetism on a mi
ros
opi
 s
ale. In parti
ular, Bernhard et al. [44℄

using zero-�eld (ZF) muon-spin rotation (�SR) te
hnique found that the magneti
 order is

uniform and homogeneous on a mi
ros
opi
 level.

We de
ided to fo
us our attention on a Ru-1222 phase RuSr

2

(Ln

1:4

Ce

0:6

)Cu

2

O

10

(Ln=Eu

or Gd), whi
h is a
tually the �rst rutheno
uprate where the 
oexisten
e of super
ondu
tivity

and magnetism was found [43℄. Re
ently the spe
i�
 heat jump at T




was observed in these

samples 
on�rming bulk super
ondu
tivity [45℄. However, it remains to be demonstrated that

the magnetism also has bulk 
hara
ter in order to infer the mi
ros
opi
 
oexisten
e of mag-

netism and super
ondu
tivity. To answer this question we studied RuSr

2

(Ln

1:4

Ce

0:6

)Cu

2

O

10

(Ln=Eu or Gd) using ZF-�SR. Magnetization measurements showed that these samples were

super
ondu
ting below T




=40 K and the magneti
 transition o

urs at T

m

=80 K.

The �SR experiments were performed at the Paul S
herrer Institute (PSI), using es-

sentially 100% spin-polarized positive \surfa
e muons". At low temperatures in all studied

samples we observed damped os
illations due to muon-spin pre
ession in lo
al magneti
 �elds.

A 
lear os
illation observed in the ZF-�SR spe
tra implies that muons sense a well de�ned

internal magneti
 �eld.
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Figure 11.14: Temperature dependen
e of the

internal magneti
 �eld at the muon site in

RuSr

2

(Eu

1:4

Ce

0:6

)Cu

2

O

10

. The solid line repre-

sents a �t with the power law B(T ) = B(0)(1 �

T=T

m

)

n

.

Figure 11.14 shows the temperature dependen
e of the internal magneti
 �eld at the

muon site for a RuSr

2

(Eu

1:4

Ce

0:6

)Cu

2

O

10

sample. From the magnitude of the os
illatory


omponent we dedu
e that the entire sample volume is magneti
ally ordered. Our ZF-�SR

experiments thus provide 
on
lusive eviden
e of magneti
 order in the super
ondu
ting Ru-

1222 
ompounds. The magnetism is uniform and homogeneous in the entire sample volume.

Therefore there is a mi
ros
opi
 
oexisten
e of super
ondu
tivity and magnetism in Ru-1222


ompounds.
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11.4.3 EPR studies of 
uprates

The investigation of high-T




super
ondu
tors has, from a magneti
 resonan
e point of view,

till re
ently been dominated by NMR. The observation of EPR is of great interest, be
ause

the time-domain of observation of EPR is two to three orders of magnitude shorter than that

of NMR. However, the appli
ation of EPR to high-T





uprates was restri
ted owing to the

absen
e of intrinsi
 EPR signals in these 
ompounds. The reason of the EPR silen
e in the


uprates is due to the extremely large linewidth. Another approa
h in the appli
ation of EPR

to high-T




super
ondu
tors is to dope these 
ompounds with small amounts of paramagneti


ions whi
h are used to probe the intrinsi
 behavior. One of the best 
andidates is Mn, whi
h

in the 2+ valent state gives a well de�ned signal and substitutes for the Cu

2+

in the CuO

2

plane. Re
ently, Ko
helaev et al. [46℄ have intensively studied the EPR of Mn

2+

doped

La

2�x

Sr

x

CuO

4

. They found that the Mn ions are strongly 
oupled to the 
olle
tive motion

of the Cu spins (the so 
alled bottlene
k regime). The bottlene
k regime allows to obtain

substantial information on the dynami
s of the 
opper ele
tron spins in the CuO

2

plane [46℄.

We de
ided to take advantage of the Mn

2+

doped La

2�x

Sr

x

CuO

4

to probe the 
opper spin

relaxation via the bottlene
k e�e
t. Figure 11.15 shows the temperature dependen
e of the

linewidth for samples with di�erent Sr 
on
entration. In all studied samples the linewidth
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Figure 11.15: Temperature dependen
e of the EPR

linewidth �H

pp

for La

2�x

Sr

x

Cu

0:98

Mn

0:02

O

4

samples

with various 
on
entration x. The solid lines represent

the best �t using the theoreti
al model des
ribed in the

text.

de
reases with de
reasing temperature, passes through a minimum at a temperature T

min

and in
reases again on further 
ooling. The low temperature upturn is more pronoun
ed in

underdoped samples and de
reases with in
reasing doping and in addition T

min

systemati
ally

shifts to lower temperatures.

In order to explain the observed temperature dependen
e of the linewidth, a new theoret-

i
al model is proposed that relates the EPR linewidth with the tilting and tunneling modes

of the oxygen o
tahedra around the 
opper. This model leads to a Hamiltonian in whi
h the

Q

i

4

and Q

i

5

modes are 
oupled linearly to Dzyaloshinsky-type spin terms [47℄:

H

�L

=

J�

8a

X

<ij>

h

�

�

i

y

�

j

z

� �

i

z

�

j
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�

�
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4
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j

4

�

+

�

�

i

x

�
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z

� �

i

z

�

j

x

�

�

Q

i

5

�Q

j

5

�i

; (11.2)

� =

3�G

�

2

:

Here Q

i

4

and Q

i

5

are the normal 
oordinates of the oxygen o
tahedron CuO

6

, whi
h des
ribe

its distortions due to the tunneling motion of the api
al oxygen between the four potential

minima without the rigid rotation of the o
tahedra as a whole. The 
onstants � and G


orrespond to the spin-orbit and orbit-latti
e 
oupling, � is the 
rystal �eld splitting between

the ground and ex
ited orbital energy levels, < ij > means the sum over neighboring Cu sites

in the x� y plane, and a is the latti
e 
onstant.
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Using this Hamiltonian we 
al
ulated the temperature dependen
e of the EPR linewidth

and 
ompared it with the experimental data [48℄. The solid lines in Fig. 11.15 represent the

best �t 
urves to the theoreti
al model. One 
an see that there is a good agreement between

theory and experiment. Furthermore, this novel theoreti
al approa
h allows an estimation

of the intrinsi
 EPR relaxation time, and provides an explanation for the long-standing

problem of EPR silen
e in high-T




super
ondu
tors. Our estimations show that the intrinsi


EPR linewidth from 
opper spins in these 
ompounds would be of the order of 10

4

G. This

value is too large for observing an EPR signal at the usual frequen
ies.

11.5 Experiments with low-energy muons

As des
ribed in the Annual Report 1999/2000, the re
ent development of a low-energy (LE)

muon beam at the Paul S
herrer Institute (PSI) [49, 50℄ o�ers 
ompletely new possibilities

in �SR resear
h in 
ondensed matter physi
s. These slow muons of tunable energy 
an

be implanted at very small and 
ontrollable depth (with nanometer resolution) below the

surfa
e of a sample. The spe
trum of appli
ations of LE-�SR is unique, in
luding magneti


and super
ondu
ting thin �lms, multilayer systems and stru
tured materials, quasi two-

dimensional magneti
 systems, and new materials whi
h 
an only be prepared in thin �lm

form.

Over the last �ve years the LE-�SR te
hnique was developed by resear
hers from PSI

(E. Morenzoni, proje
t leader) and from the Universities of Birmingham, Brauns
hweig,

Konstanz, and Zuri
h. In the last year the LE-�SR apparatus was 
onsiderably modi�ed

to improve its performan
e. In order to extend the range of possible samples to be investi-

gated by this te
hnique, a new ultra-high va
uum 
ryostat was built, that allows to perform

experiments from 2.4 K up to room temperature. In addition, the magneti
 �eld of the ex-

ternal solenoid was in
reased to 0.3 Tesla. With the goal to use solid neon as a moderation

material in the future, whi
h would in
rease the intensity of low energy muons by at least

50%, an experimental program was started to improve the 
ryostat required for the modera-

tion of the low-energy muons. Furthermore, PSI has de
ided to build a new dedi
ated surfa
e

muon beam line. All these improvements will in
rease the muon intensity by a fa
tor of 10,

making LE-�SR experiments mu
h more eÆ
ient in the near future.
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h, M. Muntwiler, I. Matsuda, R. Karrer, W. Dei
hmann,

J. Osterwalder

Arti�
ial nanostru
tures, exempli�ed e.g. by ultra-thin �lms, quantum wires or quantum

dots, are of enormous s
ienti�
 and te
hnologi
al interest. Their ele
troni
 and magneti


properties are dominated by size- and shape dependent quantum e�e
ts and 
an thus be tai-

lored to ful�ll any parti
ular need. Their diameter in at least one dimension does not ex
eed

a few atomi
 layers, and therefore they 
onsist to a large extent of interfa
es and surfa
es.

In the surfa
e physi
s laboratory we prepare 
lean surfa
es, ultra-thin �lms and nanostru
-

tures under ultra-high va
uum (UHV) 
onditions and 
hara
terize their surfa
e and interfa
e

stru
tures at atomi
 resolution. Their ele
troni
 and magneti
 properties are studied in

detail. In order to measure the geometri
 arrangement of the atoms within the �rst few

mono-layers of the surfa
e we apply predominantly ele
tron-based te
hniques su
h as x-ray

photo-ele
tron di�ra
tion (XPD), medium-energy ele
tron di�ra
tion (MEED), low-energy

ele
tron di�ra
tion (LEED), and more re
ently also s
anning-tunneling and atomi
 for
e mi-


ros
opy (STM/AFM). Angle-resolved UV photo-ele
tron spe
tros
opy (ARUPS) gives us a

detailed pi
ture of the ele
troni
 band stru
ture of su
h systems. Spe
i�
ally, our experi-

mental setup permits to dire
tly map se
tions through the Fermi surfa
e, whi
h des
ribes

the ele
troni
 degrees of freedom relevant for transport properties, magneti
 intera
tions and

phase transitions. An important asset of su
h experiments is that the same probe (photo-

emission) gives stru
tural, ele
troni
 and magneti
 information, and we 
an therefore study

the interplay between these di�erent degrees of freedom on the same sample.

Over the past year we have 
ontinued our work on the following systems:

� Vi
inal Cu(111) surfa
es expose (111)-oriented terra
es separated by a roughly regular

array of mono-atomi
 steps, therefore they represent lateral nanostru
tures that 
an

be easily prepared. We have studied the behaviour of the two-dimensional ele
tron gas

formed by a surfa
e state in this well-de�ned and tunable potential energy lands
ape.

In parti
ular, the e�e
t of the terra
e size distribution on the measured surfa
e state

dispersion was studied (see Se
tion 12.1).

� The quality and the ele
troni
 
hara
ter of the interfa
es are very important in metal-

insulator heterojun
tions, espe
ially for magneti
 devi
es based on jun
tions in whi
h

the tunneling barrier depends on the ele
tron spin. A system, whi
h has been thor-

oughly studied by our group is the Ni(111) surfa
e 
overed with one mono-layer of

hexagonal boron nitride (h-BN, see Se
tions 12.3, 12.4 and 12.5).

� In a 
ollaboration with Prof. M. San
rotti (TASC Laboratory of the Istituto Nazionale

per la Fisi
a della Materia, Trieste, Italy) the stru
tural properties of C

60

mono-layer

�lms on Ag(100) have been re�ned, and the 
oexisten
e of two inequivalent mole
ular

orientations 
ould be dis
overed by XPD [1℄.

Con
urrent with these ongoing systemati
 studies, the development of several new exper-

imental te
hniques has been pushed forward:

� Experimental near-node holograms 
ould be measured in the new apparatus built in

our laboratory (see Se
tion 12.7). Nearest-neighbour atoms within a (111) plane of an

Al 
rystal 
ould be imaged at atomi
 resolution.
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� Our pi
ose
ond time-resolved ele
tron di�ra
tion experiment is still in the phase where

we struggle to enhan
e the surfa
e sensitivity of the MEED te
hnique. We have en-

gaged in a strong 
ollaboration with a group from Tohoku University (Japan). They

have re
ently introdu
ed a new three-dimensional MEED method that yields surfa
e

Patterson fun
tions, thus revealing bonding ve
tors within the surfa
e unit 
ells (see

Se
tion 12.8). In order to bypass these problems with surfa
e sensitivity, a pulsed low-

energy ele
tron gun has been designed and tested whi
h 
an be used for pi
ose
ond

time-resolved LEED (see Se
tion 12.9).

� We exploit our femtose
ond Ti:sapphire laser system for introdu
ing the same angle-

mapping modes that we apply for ARUPS now also for two-photon photo-emission

(2PPE) spe
tros
opy (see Se
tion 12.4). These powerful measurement modes will give

us unique 
apabilities for Fermi surfa
e mapping at very low energies that 
an easily

be extended to femtose
ond time resolution.

� The 
onstru
tion and testing of our new experiment for spin-polarized Fermi surfa
e

mapping, whi
h is designed to go eventually to the Surfa
e and Interfa
e Spe
tros
opy

beamline of the Swiss Light Sour
e, is progressing steadily. A sophisti
ated extra
tion

ele
tron opti
al system has been designed and is 
urrently under 
onstru
tion (see

Se
tion 12.6). This experiment will permit the spin-resolved measurement of Fermi

surfa
es in magneti
 nanostru
tures.

� We 
ontinued our 
ollaboration with the surfa
e 
hemistry group of Prof. J. R. Huber

of the Physi
al Chemistry Department (P. Willmott, H. Spillmann) who have developed

unique thin �lm preparation 
apabilities using pulsed rea
tive 
rossed-beam laser abla-

tion. They have grown single 
rystalline �lms of zir
onium 
arbonitrides (ZrC

x

N

1�x

)

with the aim of 
orrelating the hardness of these materials with their ele
troni
 stru
-

ture as a fun
tion of the 
omposition parameter x.

12.1 Fermi surfa
es of the two{dimensional surfa
e states on vi
inal Cu(111)

The 
lean Cu(111) surfa
e supports a free ele
tron like Sho
kley{type surfa
e state, with a

maximum binding energy of � 0:4eV at

�

�. This state arises as a 
onsequen
e of the broken

translational symmetry in the normal dire
tion at the 
rystal surfa
e. Its wave fun
tions

propagate parallel to the surfa
e with a Fermi wave length of �

F

� 3nm and fall o� expo-

nentially both towards the va
uum and towards the bulk and are thus quasi two-dimensional

(2D).

We have 
ontinued our studies of the Sho
kley surfa
e state on Cu(332) and Cu(221).

Both surfa
es are 
omposed of (111) terra
es bounded by mono-atomi
 steps running along

[1

�

10℄. An analysis of the LEED spot pro�les reveals a rather broad terra
e width distribution,

in agreement with an STM study [2℄. The photo-emission Fermi surfa
e map of Cu(332) in

Fig. 12.1a shows a slightly ellipti
al, i.e. anisotropi
 surfa
e state 
ontour with a strongly an-

gle dependent line-shape in the momentum distribution 
urves (Fig. 12.1b-
). The anisotropy

of both, the dispersion and the line-width is less pronoun
ed in the 
ase of Cu(221).

We have developed a model for the surfa
e state line-shape that in
ludes the e�e
ts of the

terra
e width distribution [3℄. Extensive 2D �ts showed, that the anisotropi
 line-width 
an

be fully attributed to the spatial averaging of the photo-emission experiment. However, an

isotropi
 redu
tion of the photo-hole lifetime with de
reasing terra
e length and a remaining

anisotropy in the dispersion on Cu(332) are intrinsi
 properties of the 2D ele
tron gas in

the 1D step latti
e. The latter is strong eviden
e for the super-latti
e sensitivity of the
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Figure 12.1: a) Fermi surfa
e map from Cu(332). b){
) Momentum distribution 
urves at

the Fermi level from Cu(332) and Cu(221). The data are all shown to s
ale. The thin lines

are results from two{dimensional �ts, in
luding the e�e
t of �nite surfa
e order.

surfa
e state. The redu
ed photo-hole lifetime on the other hand supports the s
enario of

a 
ontinuous surfa
e state to surfa
e resonan
e transition with in
reasing mis
ut away from

the [111℄ dire
tion, as it is expe
ted from symmetry 
onsiderations.

12.2 Surfa
e states and the stability of adsorbate periodi
ities: O/Mo(110)

In solid state physi
s, there is a lot of interest to understand materials properties and be-

haviour in relation to the shape and size of their Fermi surfa
e. Quite interesting model

systems 
an be found on metalli
 surfa
es where 
omplete Fermi surfa
es 
an be mapped

by photo-emission. A few years ago there was a study of an oxygen adsorbate phase on
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Figure 12.2: a) He I ex
ited Fermi surfa
e map for 
lean Mo(110). The (1x1) surfa
e Bril-

louin zone is indi
ated by white lines. The hole po
kets and the ele
tron po
ket are marked

as full and dashed bla
k 
urves, respe
tively. b) Fermi surfa
e map for p(2x2) O/Mo(110).

Here, the boundaries of the (2x2) surfa
e Brillouin zones are added as bla
k lines. Some of

the earlier photo-emission data [4℄ are in
luded as small 
rosses.
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Mo(110), spe
ulating that the high propensity of this system to form the (2x2) periodi
ity

even at very low 
overages is due to a global Fermi surfa
e nesting [4℄. This idea was sup-

ported by photo-emission data that indi
ated the presen
e of hole po
kets 
entered at the

�

N and

�

S high symmetry points in the surfa
e Brillouin zone that, though unrelated by the

symmetry of the 
lean surfa
e, 
reate a perfe
t nesting s
enario for a (2x2) superstru
ture

due to their identi
al size and shape (see 
rosses in Fig. 12.2b).

This interpretation was re
ently 
hallenged by new high-resolution ele
tron energy loss

measurements [5℄ that showed no indi
ation for any softening of surfa
e phonon modes around

the

�

N point or the

�

S point for the p(2x2) phase that would be expe
ted in this global nesting

s
enario. We have therefore redone the photo-emission experiment on this system, using our

superior intensity mapping te
hnique for tra
king the Fermi surfa
e 
ontours [6℄. In Fig. 12.2a,

the measured 
ontours from the 
lean Mo(110) surfa
e are shown for referen
e. The Fermi

surfa
e map for the p(2x2) oxygen adsorbate phase in Fig. 12.2b gives no indi
ation for the

previously measured hole po
kets (small white 
rosses) that have rendered this Fermi surfa
e

prone to nesting. In fa
t, there appear to be mu
h more subtle 
hanges to the surfa
e states

upon oxygen adsorption than for the 
ase of hydrogen adsorption [7℄, where surfa
e phonon

softening was observed for two wave ve
tors that 
ould 
learly be related to nesting a
ross

Fermi surfa
e sheets. The smaller in
uen
e of adsorbed oxygen on the surfa
e states 
ould

be rationalized with the longer bond distan
e of the adsorbate to the Mo(110) top layer.

12.3 Tunneling a
ross hexagonal boron nitride �lms on Ni(111)

in 
ollaboration with G. Grad and P. Blaha, Institut f�ur Physikalis
he und Theoretis
he

Chemie, TU Wien

Hexagonal boron nitride (h-BN) is a wide band-gap insulator (E

gap

� 5 eV ) that 
an be

grown as single layers on Ni(111) [8, 9℄. It serves as an ultimately thin model system for the

investigation of spin polarized tunneling jun
tions. In Fig. 12.3a the known atomi
 stru
ture
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Figure 12.3: h{BN on Ni(111): a) Top view of the honey
omb stru
ture of h{BN on Ni(111).

The (1x1) unit 
ell is indi
ated. b) Atomi
ally resolved STM 
urrent image (V

tip

= 4:8meV;

0:2 < I

t

< 0:5nA). The (1x1) unit 
ell is indi
ated. 
) Cal
ulated spin up density of states at

E

F

, 2.17

�

A above the N layer. d) 
al
ulated spin down density of states at E

F

, 2.17

�

A above

the N layer. e) Spin asymmetry of 
) and d).
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is shown [9, 11, 10℄. A single layer h-BN on Ni(111) is not thi
k enough to be insulating for

ele
tron transfer. This is seen from the fa
t that these surfa
es 
an be imaged by s
anning

tunneling mi
ros
opy (STM) (see Fig. 12.3b) [9℄. STM experiments showed atomi
ally re-

solved images of h-BN/Ni(111). In the (1x1) unit 
ell (a = 2:49

�

A) three distin
t tunneling


ondu
tan
e levels were found. This translates into a 
harge density variation [12℄ that 
an

be assigned to the images of three distin
t sites: the nitrogen or top layer ni
kel site, the

boron or f

 site, and the se
ond layer ni
kel or h
p site. From our STM work it was not

possible to identify the atomi
 spe
ies within the unit 
ell.

Density fun
tional slab 
al
ulations for the h-BN/Ni(111) system solve this puzzle and

give insight into the magnetism of this interfa
e. In Fig. 12.3
 the spin up (majority spin)

density of states �

"

at E

F

� 60 meV , 2.17

�

A above the top N-layer is shown. The 
al
ulations

identify the bright spots of highest 
ondu
tan
e as the nitrogen sites and the grey spots to

boron sites. The density fun
tional 
al
ulations were spin polarized and therefore a spin

asymmetry A = (�

"

� �

#

)=(�

"

+ �

#

) 
an be plotted (see Fig. 12.3e). The average asymmetry

is -18.5 %, i.e. minority ele
trons prevail, and the variation at a distan
e of 2.17

�

A above the

top layer is 3 %.

12.4 Interfa
e states in a metal-insulator heterojun
tion

In the h-BN monolayer on Ni(111) system, still little is known about the ele
troni
 states 
lose

to the Fermi level, espe
ially in the uno

upied region. Two-photon-photoemission (2PPE)

allows one to a

ess both, o

upied and uno

upied states, along with providing femtose
ond

temporal resolution from of a pulsed laser beam. Despite the advantages of the laser light

sour
e, the analysis of 2PPE spe
tra is less straightforward sin
e three states are generally

involved in one transition appearing as peak in the 2PPE spe
trum.

In Fig. 12.4a, the normal emission 2PPE spe
trum of h-BN/Ni(111) is shown in 
ompari-

son to that of the bare Ni(111) surfa
e. The spe
trum from the h-BN 
overed sample extends

over a larger energy range than that of 
lean Ni(111) due to the redu
ed work fun
tion. We

want to fo
us our attention here onto the most prominent feature near the Fermi energy. The

\
ounterpart" in the Ni spe
trum appears at slightly higher binding energy, shifted by about

200 meV and with mu
h less intensity. The peak in the Ni spe
trum arises from a �-surfa
e

state, whi
h is spin split with o

upation of only the majority spin states [13℄. The huge

intensity, however, of the peak in the h-BN spe
trum gives eviden
e for the presen
e of an

intermediate state in the 2PPE pro
ess sin
e a slight tuning of the photon energy h� 
auses a

peak shift with 1� h� (see Fig. 12.4b). Preliminary analysis of the theoreti
al results shows

this state to be an image potential state. This kind of state results from 
on�nement of ele
-

trons between the 
rystal surfa
e (band gap) and, on the va
uum side, the Coulomb potential

of their own image 
harge in the 
rystal [14℄. The energy of the hydrogen-like Rydberg series

is tied, thereby, to the va
uum level as 
ut-o� of the image potential and on the s
reening

properties of the ele
trons in the 
rystal surfa
e. From the 2PPE spe
tra one dedu
es a

binding energy of roughly 600 meV as referred to the va
uum level. Full metalli
 s
reening as

found e.g. on noble metal surfa
es yields a maximum binding energy of 1=16 Ry = 850 meV

for image potential states. The e�e
tive mass of this state, as estimated from dispersion plots

along high-symmetry dire
tions (Fig. 12.4
), is of the order of 0.5 times the free ele
tron rest

mass, thus smaller by a fa
tor of 2 than the expe
ted value for a free-ele
tron-like image

potential state. Further studies are ne
essary to determine the pre
ise 
hara
ter of this state.

In order to verify the hypothesis of a strong intermediate state, 2PPE intensity maps have

been re
orded at �xed ele
tron energy for various emission angles. One of these maps, taken

at the 2P-Fermi energy, is displayed in Fig. 12.4d. The bright yellow ring should 
orrespond
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Figure 12.4: Two-photon photoemission (2PPE) results from h-BN/Ni(111). a) Normal

emission spe
tra (h� = 3:1 eV) from h-BN/Ni 
ompared to that from Ni(111); b) shift of the

prominent peak position with photon energy; 
) angle-resolved spe
tra as 
olour plot (yellow

= high intensity), taken along �M of the substrate together with the measured dispersion of

the interfa
e state (green line); d) two-dimensional map of the 2PPE intensity at the Fermi

energy (upper panel) and two intensity pro�les along high symmetry dire
tions (lower panel).

to a momentum of 0.127

�

A

�1

. In future experiments, this observed state 
an be used as a

very sensitive probe of the diele
tri
 properties of this interesting metal-insulator jun
tion.

12.5 Co inter
alation underneath hexagonal boron nitride �lms on Ni(111)

In order to study spin dependent tunneling, atomi
ally well de�ned metal-insulator-metal

stru
tures have to be prepared. To produ
e a model system of a tunneling jun
tion 
obalt

is evaporated on a mono-layer-thi
k hexagonal boron nitride (h-BN) �lm on a Ni(111) sub-

strate [8, 9, 11℄. STM measurements show that Co forms three-dimensional (3D) 
lusters at

room temperature, while it prefers to grow in a more two-dimensional (2D) way at elevated

temperature (150

Æ

C). These two island types 
an 
oexist, as is seen in Fig. 12.5a. STM

images give strong indi
ations that inter
alation of Co underneath the h-BN mono-layer is
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responsible for the formation of di�erent island types: defe
t lines, 
orrugated mu
h less

than the h-BN �lm thi
kness, are often found atta
hed to the 2D islands (see Fig. 12.5a-b).

These defe
ts align to 
rystallographi
 dire
tions and are related to the h-BN �lm: they 
an

be seen on bare �lms but not on the 
lean Ni(111) substrate. From STM images showing

sharp defe
t lines 
rossing 2D islands (as seen in Fig. 12.5b) it is 
on
luded that these islands

grow underneath the h-BN layer. This is 
onsistent with missing forward s
attering features

in photo-ele
tron di�ra
tion patterns from the h-BN mono-layer with elevated-temperature

deposits of Co.

Using the STM tip as a manipulator by working at small tunneling resistan
e, it is possible

to remove the 3D Co 
lusters sele
tively one by one (see Fig. 12.5
). The 2D islands are not

a�e
ted by this pro
edure and they are thus more strongly bound to the surfa
e than the 3D


lusters, again supporting the inter
alation pi
ture.

2
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Figure 12.5: STM images of Co on h-BN/Ni(111): Panel a) shows a two-dimensional tri-

angular shaped island atta
hed to a line defe
t 
oexisting with three dimensional Co 
lusters.

In b) su
h defe
ts are 
rossing two islands (marked by arrows). Panel 
) (inverted gray

s
ale) demonstrates the removal of three dimensional Co 
lusters by the STM tip (the inset

represents the starting 
on�guration)

12.6 Status of COPHEE, the COmplete PHotoEmission Experiment

A new photo-ele
tron spe
trometer is being set-up featuring a full three-dimensional spin

polarimeter, whi
h makes it 
omplete in the sense that all properties of the photoele
trons

in the frame of referen
e of the sample 
rystal latti
e 
an be measured. This apparatus is de-

voted to spin-resolved Fermi surfa
e mapping using angle-resolved ultraviolet photo-ele
tron

spe
tros
opy. In this type of experiment, the sample and therefore also its magnetization

dire
tion are rotated over the full 2� solid angle above the 
rystal surfa
e, thus requiring

spin analysis in all three dimensions. After su

essful test operation using a He-lamp it is to

be used as an end-station at the Surfa
e and Interfa
e Spe
tros
opy (SIS) beam-line of the

new Swiss syn
hrotron radiation sour
e (SLS) under 
onstru
tion at Paul S
herrer Institut,

Villigen, or alternatively, at the Advan
ed Photo-emission Experiment (APE) beam-line at

ELETTRA in Trieste.

UV-photoele
trons are energy and angle sele
ted by a hemispheri
al analyzer (EA125

from Omi
ron Vakuumphysik GmbH) and then transported into a spin-polarimeter based

on 60 keV Mott s
attering (Mott dete
tors built by St. Petersburg Te
hni
al University

[15℄). The year 2000 was devoted to the design of the beam transport system, whi
h leads

the ele
trons from the EA125 exit slit to the two Mott dete
tors. In an ele
trostati
 beam

de
e
tion system the spin-orientation in the laboratory frame remains 
onstant and there-

fore two orthogonal polarimeters 
an determine the full three-dimensional spin-polarization
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ve
tor, sin
e ea
h Mott dete
tor 
an intrinsi
ally analyze the two 
omponents transverse to

the respe
tive in
oming beam.

12.6.1 Ele
tron opti
s

The ele
trons whi
h travel at low pass energy (1 : : : 10 eV) inside the analyzer are a

elerated

to 300 times the pass energy in a two-step extra
tion lens behind the analyzer exit slit (lens

made by Omi
ron). They are de
e
ted by 90

Æ

to gain spa
e for the bulky polarimeter. A

gate lens provides va
uum safety for the gold foils inside the polarimeter and a
ts as an

Einzel lens for the ele
tron beam. The beam is de
e
ted 20

Æ

to the left or right by a parallel

plate de
e
tor, whi
h is swit
hed at 20 : : : 0:1 Hz to allow quasi-simultaneous operation of the

two dete
tors. An spheri
al end-de
e
tor separates the two beams by �45

Æ

for the required

orthogonality. Inside the Mott dete
tors the ele
trons are a

elerated to 60 keV by a spheri
al

fo
using �eld and dete
ted by sili
on diode dete
tors after ba
k-s
attering o� an 80 nm gold

foil. The lens elements and results of ray-tra
ing 
al
ulations are shown in Fig. 12.6.

The me
hani
al parts in
luding the very demanding va
uum envelope are in produ
tion

in the me
hani
al workshop. High voltage supplies su
h as the fast 2 kV polarity swit
h

for quasi-simultaneous data a
qusition have been manufa
tured by ISEG Spezialelektronik

GmbH.

12.6.2 Data a
quisition hard- and software

Besides 
ontrolling the various spe
trometer devi
es (manipulator, energy analyzer, polarime-

ter opti
s, and dete
tors) photo-emission experiments at a syn
hrotron fa
ility need to 
om-

muni
ate with beam-line devi
es (storage ring, undulator, and mono
hromator). For this

reason the SLS 
omputing and 
ontrol 
on
epts are adopted in COPHEE. A VME system is

the node for all ele
troni
 
ontrol and measurement signals of the spe
trometer. It is oper-

ated by the Experimental Physi
s and Industrial Control System (EPICS) whi
h provides a

Figure 12.6: Visualization

of the ray-tra
ing 
al
ula-

tions made to design the

COPHEE ele
tron opti
s

(
al
ulations and graphi
s

by SIMION [16℄, 3D po-

larimeter assembly rotated

90

Æ

for graphi
al 
larity)
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standardized and network-transparent interfa
e to many di�erent devi
e types. Furthermore,

fairly 
omplex real-time tasks su
h as energy s
ans with syn
hronized dete
tor readout are

easily implemented on this level.

The high-level measurement 
ontrol and the online data presentation for the sophisti
ated

angle-s
anned photo-emission experiments will be implemented in Delphi language on a re-

mote personal 
omputer. It is 
onne
ted to the spe
trometer simply via an Ethernet network

using readily available interfa
e software.

12.7 Near node photo-ele
tron holography

Determining atomi
 stru
tures at surfa
es and interfa
es is still a diÆ
ult but very important

task. The more 
omplex a system is, the more important it is to have dire
t methods that 
an

provide a rough image of basi
 stru
tural units. An angle s
anned photo-ele
tron di�ra
tion

experiment has all prerequisites for holography. The measured 
ore-level photo-emission

intensity is a 
oherent superposition of the dire
tly emitted wave and the singly and multiply

s
attered waves. In the experimental realization of this idea several problems are en
ountered,


aused by the strong and anisotropi
 nature of the ele
tron-atom s
attering amplitude and

by multiple s
attering e�e
ts. Near node photo-ele
tron holography (NNPEH) [17℄ is a new

approa
h to photo-ele
tron holography that exploits the anisotropi
 nature of the ele
tron

sour
e wave in order to minimize forward and multiple s
attering e�e
ts. The idea has been

su

essfully tested with an Al(111) single 
rystal in experiments at the syn
hrotron fa
ility

ELETTRA in Trieste, Italy [18℄. Con
urrently, a NNPEH experiment has been set up in

our home lab. For unpolarized x-rays su
h as produ
ed by a laboratory sour
e, the near-

node 
ondition is met by having the ele
tron es
ape dire
tion very near the x-ray in
iden
e

dire
tion, separated by only 10

Æ

to 20

Æ

. First results, again with an Al(111) single 
rystal,

are presented in Fig. 12.7. In the holographi
 re
onstru
tion (Fig. 12.7b) the six nearest

neighbors of an Al atom within the (111) 
rystal plane are 
learly resolved.
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Figure 12.7: a) Stereographi
ally proje
ted experimental Al 2s (E

kin

= 1370 eV ) photo-

ele
tron di�ra
tion pattern from an Al (111) single 
rystal. b) Corresponding holographi


real spa
e re
onstru
tion of a plane parallel to the surfa
e 
ontaining the emitter at the origin

(0, 0). The six nearest neighbors are 
learly resolved at a distan
e of 3.2

�

A. Note that the

photo-emitter is not imaged in photo-ele
tron holography. 
) Hard sphere model of a (111)

plane of an aluminum 
rystal.
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12.8 Surfa
e Patterson fun
tions from medium-energy ele
tron di�ra
tion

in 
ollaboration with T. Abukawa, S. Kono, Tohoku University, Sendai, Japan

We have 
ontinued our proje
t to develop a pi
ose
ond time-resolved ele
tron di�ra
tion

experiment for studying surfa
e dynami
s. In the pro
ess we were fa
ing the problem that the

standard medium-energy ele
tron di�ra
tion (MEED) experiment did not yield the required

mono-layer stru
tural sensitivity. Re
ently, a Japanese group introdu
ed an new stru
tural

tool based on multiple-energy, full three-dimensional di�ra
tion images that 
an be Fourier

transformed to yield Patterson fun
tions very similar to those obtained from x-ray di�ra
tion

[19℄. In a 
lose 
ollaboration with this group we have adopted this method, using our pulsed

MEED ele
tron gun. In a �rst test experiment we have su

essfully measured nearest neighbor

bond ve
tors within a Ge(111) surfa
e. In Fig. 12.8a a se
tion through a three-dimensional

data set of s
attering intensities is shown. The experimental geometry, i.e. the in
oming

ele
tron beam dire
tion and the position of the two-dimensional dete
tor determines whi
h

atoms 
an be imaged. The data set of Fig. 12.8a is sensitive to the geometry normal to

the 
rystal surfa
e. The planar se
tion through the Patterson fun
tion in Fig. 12.8
 displays


learly the nearest neighbour bond dire
tion and bond length along the (111) dire
tion. The

extension of su
h experiments to pi
ose
ond time resolution is straightforward using a pump-

probe approa
h.
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Figure 12.8: a) Normalized s
attering intensities of ele
trons ba
ks
attered from a Ge(111)

surfa
e, plotted as a fun
tion of the s
attering ve
tor ~s =

~

k

f

�

~

k

i

where

~

k

f

and

~

k

i

are s
attered

and in
oming ele
tron wave ve
tors, respe
tively. b) Planar view of the Ge 
rystal stru
ture,

indi
ating the 2.45

�

A between nearest neighbor atoms along the (111) dire
tion. Patterson

fun
tion obtained from Fourier transforming a full three-dimensional set of s
attering inten-

sities. The white arrow indi
ates the bond distan
e along the (111) dire
tion.

12.9 Constru
tion of an ele
tron gun for time resolved low-energy ele
tron

di�ra
tion

A se
ond option for enhan
ing the surfa
e sensitivity of ele
tron di�ra
tion is to go to lower

energies. The standard tool for stru
ture determination in surfa
e physi
s is low energy ele
-

tron di�ra
tion (LEED), where energies of typi
ally 50 eV - 150 eV are used. However, it

is a very demanding task to prepare pi
ose
ond pulses of ele
trons at su
h low energies. An

miniaturized ele
tron gun whi
h produ
es ultra short and 
oherent (parallel and mono
hro-

mati
) ele
tron pulses with an expe
ted time resolution of less than 5 ps has been developed

in our lab.
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Through the ba
k side of the ele
tron gun, femtose
ond laser pulses (80 fs, 400 nm wave

length) are dire
ted through a sapphire window onto a photo-
athode, whi
h 
onsists of a

atomi
ally 
at and thin (� 200

�

A) gold �lm grown on a mi
a substrate. The laser beam

is transmitted from behind through the mi
a plate and photoele
trons are emitted from the

gold-va
uum interfa
e by two-photon photo-emission. These ele
trons are a

elerated to a

kineti
 energy of 100 eV over a distan
e of less than 100 �m from where they move in �eld

free spa
e towards the sample. The 
al
ulated temporal jitter within the ele
tron pulses

is less than 3 ps for a sample pla
ed at a distan
e of 4 mm from the photo-
athode. The

main 
ontribution is due to the energy spread of the ele
trons, whi
h has been optimized by


hoosing gold as 
athode material. The va
uum part of the gun is shown in Fig. 12.9. The

a
tual ele
tron gun is in the tip of the metal 
one, while the whole setup is mu
h bigger for

fun
tionality.

Figure 12.9: The va
uum end of the pi
ose
ond low-

energy ele
tron gun.

The gun has been designed, built and tested [20℄. For this purpose, the ele
tron beam

has been dire
ted onto a two-dimensional position-sensitive 
hannel-plate dete
tor, pla
ed 65

mm away from the gun. From the spot size of the beam on the dete
tor (Fig. 12.10) the

divergen
e is 
al
ulated to be about 1:5

Æ

. In these tests, the following spe
i�
ations 
ould be
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a) b)

Figure 12.10: a) The ele
tron beam pro�le for an energy of 70 eV, measured with a two-

dimensional dete
tor pla
ed at a distan
e of 65 mm from the ele
tron gun. b) Beam 
ross

se
tion, from whi
h the beam divergen
e of 1:5

Æ

was determined.

demonstrated [20℄: A very low ele
tron 
urrent of about 2 fA was measured on the dete
tor.

The measured energy resolution is about 1.3 eV, a part of whi
h is likely to be due to the

resolution of the dete
tor. With this energy spread, the time resolution should be less than 4

ps. The gun therefore meets the design 
riteria and, if the ele
tron 
urrent 
an be in
reased

by one or two orders of magnitude, the pi
ose
ond LEED experiment is within rea
h.
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13 Physi
s of Biologi
al Systems

Hans-Werner Fink, Cornel Andreoli, Conrad Es
her (sin
e February 2001)

13.1 Overview

Our overall motivation in studying the physi
s of biologi
al systems 
an roughly be illustrated

as follows:

� Biologi
al systems are obje
ts of 
ondensed matter physi
s that exhibit unique prop-

erties. In 
omparison to inorgani
 materials, biologi
al obje
ts 
an exer
ise a number

of dedi
ated fun
tions. Both, their shapes and the asso
iated fun
tions, are governed

by the same 
lass of intera
tions that are known for a long time from gas-, liquid- or

solid-state physi
s. However, what makes them unique despite all the similarities to


lassi
al physi
s obje
ts, is their 
omplexity. It manifests itself for example in the la
k

of symmetry if 
ompared to 
rystals. On the other hand, the variety of shape and stru
-

tural transitions within those systems are not just governed by random dynami
s alone

like in a 
uid. Coming to grips with those fragile systems that rea
t very sensitive to


hanges in their environment and that are 
apable of 
arrying out all sorts of surprising

a
tions is a real 
hallenge for physi
al s
ien
es.

� In realizing the 
omplexity of biologi
al mole
ules, it might be a sensitive approa
h

to start out by isolating individual systems. Our te
hnique of low energy ele
tron

holography appears well suited to "look" at just a single spe
ies and we plan to push

the resolution of this tool to arrive at detailed stru
tural and ele
troni
 information on

individual mole
ules.

� Our dis
overy that DNA mole
ules are ele
tri
al 
ondu
tors, have led us to look at

this mole
ule in an idealized way by treating it as a simple physi
al obje
t and by

disregarding its biologi
al fun
tion 
ompletely. The only aspe
t that matters for this

purpose is the fa
t that the DNA is long and thin. Furthermore, the 
hemistry of the

DNA is well understood and the mole
ule is almost defe
t free in 
omparison to man-

made stru
tures on the nanometer-s
ale. To this end the DNA is a quantum wire and

we plan to use this property to develop mole
ular ele
troni
 devi
es.

13.2 Interfa
ing bio-mole
ules to sili
on stru
tures

Re
ent experiments on DNA 
ondu
tivity were done with mole
ules that had been deposited

over an array of holes in a thin �lm. We thus had to rely on statisti
s to �nd a desirable


on�guration of mole
ules stret
hed over a 
ertain hole. In order to fabri
ate devi
es, this

seems an unsuitable approa
h and we thus have to develop ways to pla
e the mole
ules at

pre-de�ned sites on a sili
on stru
ture. There are several strategies to a
hieve this goal. One


an use mole
ular re
ognition on a patterned devi
e stru
ture to have the mole
ules �nd their

pla
es in the liquid phase automati
ally. It is also feasible to use me
hani
al manipulation

on a nanometer-s
ale to pla
e them at the desired positions.

Another possibility is that, due to the ele
tri
 
harge of the DNA, it should be possible

to use lo
al ele
tri
 �elds on a devi
e stru
ture to stret
h and trap the mole
ules and to thus

bridge a spe
i�
 site on a 
hip. Figure 13.1 illustrates how the arrangement of small areas

on a 
hip with adjustable �eld strength 
an be a
hieved. We start out with a stru
ture that

has been fabri
ated for us by Clondiag Chip te
hnologies in Jena using opti
al lithography.

Next, the �ne stru
turing is done in our laboratory. To 
reate two free standing wires over
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Figure 13.1:

a) Overall view of a sili
on nitride

membrane with an almost 5 mi
ron

wide and about 100 mi
ron long slit

and metal 
onta
ts at both sides.

b) On this stru
ture we fabri
ated free

standing wires fa
ing ea
h other to


reate a lo
al ele
tri
 �eld. Note that

all the higher magni�
ation images

are rotated by 90 degrees 
ompared to

the SEM image in (a).


) A 
loser look at this stru
ture

shows a gap width of about 700nm.

The radius of 
urvature at the end of

the wires is about 50nm.

d) S
hemati
 side view of the overall

stru
ture.

a slit to whi
h we 
an apply an ele
tri
 potential to 
reate a lo
al ele
tri
 �eld, we employ

a 30 keV fo
used ele
tron beam. The beam de
omposes hydro
arbons along a line de�ned

by the slow s
anned ele
tron beam. These preliminary studies, 
arried out in February 2001,

seem en
ouraging sin
e it was already possible to 
reate gap sizes down to 30nm (not shown

in the �gure). This method thus holds promise for studying even smaller syntheti
 DNA

mole
ules that 
an be synthesized to mat
h the gap exa
tly. Studies to 
over the 
arbon

wires with gold and e�orts to in
rease the writing speed to be able to routinely fabri
ate

more 
omplex stru
tures, like multi-terminal devi
es, are 
urrently in progress.

13.3 Me
hani
al manipulation of DNA mole
ules in the liquid phase

We are about to use (diploma thesis of C. Es
her, who started in February 2001) opti
al

te
hniques and lo
al ele
tri
 �elds in a liquid to atta
h DNA mole
ules between two glass

Figure 13.2: Gold tip (1) en
apsulated into a

glass 
apillary (2).

pipettes with a 
ondu
ting gold wire inside. Ele
tri
 �elds of the order of 20 V/
m are applied

in ele
trophoresis to move DNA mole
ules in solution. We plan to lo
alize ele
tri
 �elds of

this order to gap-stru
tures whi
h mat
h the length of the 
hosen DNA mole
ules of several

mi
rometer length. In order to be able to distinguish ele
troni
 
urrent through the mole
ules

from ioni
 
urrent in the bu�er solution it is ne
essary to minimize the exposed area of the
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gold ele
trodes. In a �rst and preliminary experiment it has been possible to draw a glass


apillary with a �ne gold wire inside to a shape as shown in Fig. 13.2.

The purpose of this type of experiments is to be able to lo
alize a mole
ule between the

two ele
trodes in order to later me
hani
ally move it to a desired pla
e on a sili
on stru
ture.

Furthermore it should be possible to explore the me
hanism of 
ondu
tivity in DNA by

stret
hing the mole
ules or by 
hanging the temperature of the surrounding liquid, just to

name two of the various parameters that might e�e
t 
ondu
tivity. Eventually, we hope to

a
hieve a fairly detailed insight into the 
ondu
tion me
hanism that should help us to relate

to 
urrent theoreti
al models, like the polaron assisted hoping me
hanism.

13.4 Stru
tural biology of single proteins.

in 
ollaboration with: Andreas Pl�u
kthun (Bio
hemistry Department, University of Zuri
h)

This e�ort is part of a National Center of Competen
e Resear
h proje
t on Nano-S
ien
e,

headed by Hans-Joa
him G�untherodt at the University of Basel. The goal is to obtain in-

formation on protein stru
tures. In 
ollaboration with Andreas Pl
kthun and his group in

the bio
hemistry department, we are about to develop methods to prepare single proteins in

su
h a way as to make them a

essible to our LEEPS (Low Energy Ele
tron Point Sour
e)

Mi
ros
ope. We hope to be able to obtain high resolution ele
tron holograms to derive stru
-

tural information on an individual protein. A high resolution dete
tor and new hologram

re
onstru
tion software will be available soon.

13.5 Field-ion mi
ros
opy and �eld-emission studies of single C60 
lusters

in tungsten tips.

This e�ort is 
losely related to the goal of obtaining ultimate resolution in holography with

low energy ele
trons for stru
tural analysis of bio-mole
ules. By using �eld ion mi
ros
opy

te
hniques, we 
an 
hara
terize and shape a metal tip on the atomi
 s
ale. We have designed

a dedi
ated �eld ion mi
ros
ope, that is expe
ted to be operational in summer 2001, to

deposit single C60 
lusters onto a metal tip that has prior been 
hara
terized on an atomi


s
ale. The ele
troni
 stru
ture of the C60 
lusters and their bu
ky ball shape leads us to

believe that su
h a stru
ture will emit ele
trons with in
reased temporal and spatial 
oheren
e

and in a larger angular regime. The theoreti
al 3-dimensional resolution in holography, not


onsidering experimental aspe
ts, is half the deBroglie wave length of the ele
trons. This

would 
orrespond, for the ele
trons we employ, to a theoreti
al limit of sub-atomi
 resolution.

With this e�ort we hope to eventually make a signi�
ant step in resolution towards the

theoreti
al limit, from the present 1 nm, whi
h is not limited by the 
oheren
e of the sour
e

but by external disturban
es.

Another aspe
t of this e�ort relates to surfa
e s
ien
e studies on C60 
lusters 
arried out

in the group of J�urg Osterwalder. We might be able to obtain 
omplementary information

by studying just a single adsorption event of an individual C60 
luster.
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14 Computer Assisted Physi
s

P. F. Meier, E. Olbri
h, S. Pliber�sek, S. Renold, J. S
hneider, Y. Shen, and E. Stoll

S. Dangel (until De
. 00) and H.-R. Moser (until June 00)

In this report, we want to 
on
entrate on the following resear
h topi
s:

� Interpretation of the properties of high temperature super
ondu
tivity materials using

spin-polarized theoreti
al methods

� Non-linear dynami
al study with parti
ular referen
e to time series analysis of ele
-

troen
ephalograms

In parti
ular we sele
tively report on hyper�ne intera
tions at oxygen nu
lei in La

2

CuO

4

(14.1.1), on the 
hanges in the mi
ros
opi
 stru
ture indu
ed by dopants (14.1.2), and on

lo
al distortions in doped La

2

CuO

4

(14.1.3). From the 
ollaborations with two groups of the

Medi
al Fa
ulty we present results of a new analysis of sleep ele
troen
ephalograms (14.2).

14.1 Ele
troni
 stru
ture of high-T




materials

14.1.1 Transferred hyper�ne �elds

One explanation of the variant time dependen
ies of the nu
lear{spin-latti
e relaxation rates

between planar

17

O and

63

Cu required that the antiferromagneti
 
u
tuations 
an
el at the

oxygen site. However, this was not in a

ord with neutron s
attering whi
h showed that these


u
tuations were in
ommensurate. This di
hotomy led Zha, Barzykin and Pines (ZBP) [1℄ to

propose that the transferred �eld at the

17

O 
overed an extensive region in the CuO

2

plane

whi
h in
luded signi�
ant 
ontributions from at least the next nearest neighbour (NNN)


opper ions. This would 
ompensate for the non-perfe
t 
an
ellation of hyper�ne �eld due

to the in
ommensurability and thus re
on
ile the NMR and neutron s
attering data.

It is not obvious how to test the ZBP proposition experimentally so we embarked on a

proje
t using our 
luster models to see if we 
ould 
on�rm, or otherwise, the proposition.

A whole range of 
lusters for simulation of the La

2

CuO

4

system were studied so that the

variation of the Fermi 
onta
t term D(

17

O) 
ould be analyzed in terms of the number n

NN

of

nearest neighbours (NN), and the number n

NNN

, of next nearest neighbours. The simplest

relation we 
ould 
on
eivably use is of the form

D(

17

O) = 
 n

NN

+ 


0

n

NNN

: (14.1)

This was found to be quite adequate with the added signi�
an
e that 


0

� 0 as 
an be seen

in Fig. 14.1 where D(

17

O) is plotted versus n

NNN

for �xed n

NN

= 2. This implies that

0 1 2 3 4
NNN

0.0

0.5

1.0

1.5

D
(O

)

Figure 14.1: Isotropi
 
onta
t density at a planar oxygen

nu
leus as a fun
tion of the number of next nearest neighbor


opper ions.
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there is no eviden
e for transferred hyper�ne �elds on the planar

17

O from the next nearest

neighbour 
opper ions. This work does not support the ZBP proposal. It is possible that

the di
hotomy may be simply due to the di�eren
e in dete
tion frequen
y of the NMR and

neutron s
attering experiments.

14.1.2 In
uen
e of dopants on the ele
troni
 stru
ture of high-T




materials

Pure La

2

CuO

4

is an insulator whi
h be
omes metalli
 and super
ondu
ting at low tempera-

tures only by doping, either with ex
ess oxygen or repla
ing some of the tri-valent lanthanum

with bi-valent ions, su
h as Sr

2+

.

The role of dopants in high T




super
ondu
tors is generally seen as being limited to the

introdu
tion of hole 
arriers into the CuO

2

plane. This simpli�ed assumption is partly driven

by the la
k of information on the lo
al atomi
 and ele
troni
 stru
ture around dopants. While

experimental eviden
e favoring inhomogeneous 
harge distributions of the doped holes is still

mounting, the role that dopants play in determining this inhomogeneous ground state, if any,

is still un
lear.

Conventional band stru
ture 
al
ulations are not readily adaptable to studying disrupted

periodi
 stru
tures whereas su
h 
ases are more ideally suited for the 
luster model. Therefore

we 
an build on the 
on�den
e already established with La

2

CuO

4

.

Previous work [2℄ has shown that the 
luster model gives results for the ele
tri
 �eld

gradient, on-site and transferred �elds for La

2

CuO

4

whi
h 
ompare favourably with NMR

experimental data. These more re
ent examples of the extensive studies 
arried out on

La

2

CuO

4


ontinue to demonstrate why we have in
reasing 
on�den
e in the appli
ability of

the 
luster method to model 
opper oxide high-T




materials. The natural next step was

to begin a study of the the e�e
ts of doping. The idea that the dopant ions 
ould 
ause

a signi�
ant 
hange in the lo
al ele
troni
 stru
ture of super
ondu
ting 
uprates was �rst

introdu
ed in Ref. [4℄ where it was shown that the important 
hanges in the lo
al mole
ular

orbitals (MOs) as indu
ed by the dopant strontium or interstitial oxygen ions are re
e
ted in

the ele
tri
 �eld gradient on the neighboring 
opper nu
lei site. This enabled us to resolve a

long-standing 
ontroversy 
on
erning the interpretation of the nu
lear quadrupole resonan
e

spe
tra in doped La

2

CuO

4

on whi
h we brie
y reported last year.

With 
luster 
al
ulations, strontium doping is easily a
hieved sin
e Sr

2+

ions substitute

some La

3+

ions unambiguously (see Fig. 14.2) and in the following we 
ompare the results

obtained for the undoped system (same 
luster as in Fig. 14.2 but with La instead of Sr) and

the doped system.

La

OCu

Sr

Figure 14.2: The Cu

2

O

11

/Cu

6

SrLa

15


luster. For the

two 
entral 
opper atoms (dark) and for the 11 oxygen

atoms an all-ele
tron 
al
ulation was performed. For

the other 6 Cu (bright), Sr and 15 La atoms pseudo-

potentials are used.
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For both 
lusters, the lowest uno

upied mole
ular orbital (LUMO) is an anti-bonding


ombination of atomi
 orbitals with 3d

x

2

�y

2
on the 
opper atoms and 2p

�

on the oxygens. Of

parti
ular interest are the 
hanges in the relative energy di�eren
es of the o

upied mole
ular

orbitals dominated by the 
opper d

zx

, d

yz

, and d

xy

orbitals. Some of these 
al
ulated MOs

are given diagrammati
ally in Fig. 14.3, where �E

0;n

denotes the energy di�eren
e between

the LUMO and the parti
ular n

th

MO.

La −  O  − La La −  O  − Sr

−2.8

−2.4

−2.0
∆E

0,
n 

 [e
V

]

Figure 14.3: Energy di�eren
es between the LUMO and the highest o

upied MOs in the


lusters des
ribed in Fig. 14.1 with 
ontributions from atomi
 3d

zx

orbitals (solid bars) and

3d

yz

orbitals (dashed bars). The length of the bar is proportional to the square of the expansion


oeÆ
ient of the MO into the 
orresponding atomi
 orbitals.

In the left panel the MOs are equally shared by the two Cu atoms as required by symmetry.

There are two orbitals for ea
h zx and yz symmetry be
ause there are two Cu atoms. Note

that both are anti-bonding linear 
ombinations with O atomi
 orbitals. The bonding orbitals

are deeper in energy and are not shown here. There is a 
onsiderable split in energy for the

3d

zx

orbitals and the 3d

yz

orbitals in the right panel of the �gure where the symmetry is

broken due to the presen
e of the Sr

2+

. Sin
e the d

yz

orbital pair behaves qualitatively in

the same way as the d

zx

orbital pair we will 
on
entrate on the d

zx

orbital pair only. The one

of lower energy is largely 
on�ned to the left site as shown in Fig. 14.4b whereas the higher

energy one is lo
alized on the right site as shown in Fig. 14.4
. This is not surprising and a

                                        

                                        

                                        

                                        

                                                                                                                        

a)

                                        

                                        

                                        

                                        

                                                                                                                        

b)

                                        

                                        

                                        

                                        

                                                                                                                        

c)

Figure 14.4: Three sele
ted mole
ular orbitals with dominant 3d

zx


hara
ter on the 
oppers.

The red regions indi
ate negative sign. a) undoped and �E

0;zx

= �2.18 eV. b) with Sr and

�E

0;zx

= �2.36 eV. 
) with Sr and �E

0;zx

= �2.05 eV. Note the substantially extended 2p

x

orbital on the apex oxygen atom between the Cu and the Sr atom.
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number of rationalizations 
an be forwarded linking the origin to the proximity of the higher

positive 
harge of the La

3+

ion 
ompared to the Sr

2+

ion.

The additional splitting of the MOs in the right panel is due to di�erent admixtures of

2p

z


ontributions from the api
al oxygen that bridges the Cu site and the Sr. The MOs with

3d

xy


hara
ter are not shown in Fig. 14.3 sin
e they show no substantial di�eren
e between

the doped and undoped 
lusters.

We thus �nd a rearrangement of the lo
al ele
troni
 stru
ture upon doping. This then

involves a 
hange in the spin-orbit 
ontribution A

�

so

to the hyper�ne �eld whi
h will in
uen
e

the nu
lear spin-latti
e relaxation times. We estimate an in
rease in A

x

so

and A

y

so

of about

15 to 20 %.

14.1.3 Lo
al distortions in doped La

2

CuO

4

In re
ent years, the experiments that probe the lo
al stru
ture have indi
ated the presen
e of

signi�
ant lo
al distortions in high-temperature super
ondu
tors. These stru
tural deforma-

tions were attributed to the inhomogeneous 
harge distributions of a stripe phase. First 
lear

eviden
e of this behaviour was obtained when Bian
oni et al. [5℄ performed Cu K-edge ex-

tended x-ray absorption �ne stru
ture (EXAFS) on La

1:85

Sr

0:15

CuO

4

. They found a bimodal

length distribution for both Cu-O(ap) and Cu-O(pl) distan
es. In parti
ular, an anomalously

short Cu-O(ap) bond length of 2.30

�

A was observed and attributed to the CuO

6

o
tahedra in

the presen
e of an additional, extrinsi
 hole. This proposal was investigated in our re
ent �rst

prin
iples study [6℄ in whi
h the distan
e between the 
opper and the api
al oxygen, O(ap),

was 
al
ulated for a 
luster model with two di�erent 
harge states: for a (CuO

6

)

10�

ion

(model A) and for a (CuO

6

)

9�

ion (model A

+

). Model A simulated the 
opper environment

away from dopant ions, extrinsi
 holes, or any other defe
ts, whereas model A

+

di�ered from

model A by the presen
e of an additional extrinsi
 hole. It was assumed that the extrinsi
-

intrinsi
 hole pair for model A

+

forms a singlet state. The dependen
e of the energy as a

fun
tion of the Cu-O(ap) distan
e is shown in Fig. 14.5. Note that the equilibrium O(ap)

2.24 2.29 2.34 2.39 2.44 2.49
d [Angstroms]

−17.80

−17.30

−16.80

E
 −

 E
0 

[e
V

]

Cluster A
Cluster A

+

Figure 14.5: Dependen
e of the ground-state

energy on the Cu-O(ap) distan
e for model A

and model A

+

.

lo
ation in 
luster model A is shifted by Æ

z

= +0:04

�

A from the initial position at z = 2:40

�

A whi
h is attributed to the �nite size of the 
luster used. From Fig. 14.5 it 
an be seen

that a lo
alized hole indu
es a 
ontra
tion of the Cu-O(ap) bond length by 0.12

�

A whi
h is

in ex
ellent agreement with the EXAFS investigation whi
h obtain an anomalous Cu-O(ap)

distan
e that was shortened by 0.1

�

A with respe
t to the normal 
rystallographi
 distan
e of

2.40

�

A as observed in the parent La

2

CuO

4

. The presented results of our study thus 
on�rm

the proposed interpretation for the observation of anomalous Cu-O(ap) distan
e in optimally

doped La

2

CuO

4

.
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14.2 Time series analysis of EEG

In the last de
ade, the time-series analysis of ele
troen
ephalograms (EEGs) by means of

methods derived from nonlinear dynami
s has attra
ted in
reased attention [7℄. Traditionally

the EEG is 
hara
terized mainly by linear properties su
h as the spe
tral power in 
ertain

frequen
y ranges. In 
ontrast, nonlinear measures fo
ussed in parti
ular on the dimensional


omplexity (DC) [8℄, a measure based on the 
orrelation dimension D

2

. In this way a whole

segment of an EEG is 
hara
terized by a single number. This amounts on the one hand to

a strong data redu
tion, whi
h is often very useful, and has on the other hand a plausible

interpretation, i.e. the number of a
tive degrees of freedom. The latter 
an also be interpreted

as the degree of syn
hronization of the apparently high-dimensional neural dynami
s. This

interpretation is 
onsistent with the estimates of the dimensional 
omplexity in di�erent

psy
ho-physiologi
al states from the EEG [9, 10℄ and the general ideas about the 
hara
ter

of the neural dynami
s in these states.

There is, however, 
lear eviden
e from the theory of nonlinear dynami
s that the observed

values of the dimensional 
omplexity 
annot simply be interpreted as dimensions of fra
tal

attra
tors. Moreover, it was shown that surrogate time series of EEGs, i.e. time series, whi
h

resemble the linear properties of the original time series but are random otherwise, exhibit

almost the same dimensional 
omplexity as the original ones.

Starting from these �ndings we undertook a thorough investigation of the following two

questions: Up to whi
h extent does the dimensional 
omplexity 
hara
terize only linear, i.e.

spe
tral properties of the time series? And if so, whi
h spe
tral properties are re
e
ted in

the dimensional 
omplexity.

To demonstrate the simultaneous o

urren
e of both linear and nonlinear features in an

EEG we investigated several all-night sleep EEGs. We obtained these data together with

the sleep stage s
ores (REM, non-REM stages I, II, III, IV) from the Sleep Laboratory

of the Institute of Pharma
ology. We determined the 
orrelation dimension D

2

using the

Grassberger-Pro
a

ia algorithm and the self-similarity exponent � by means of a detrended


u
tuation analysis. The exponent � measures the persisten
e of a time series. Time series


orresponding to values of � less than 1.5 have a tenden
y to turn ba
k upon themselves. On

the other hand, for �-values greater than 1.5, the time series has a tenden
y to be persistent

in its progression in the dire
tion in whi
h it was moving. The latter property is known as

persisten
e.

First, we analyzed 300 artifa
t-free EEG-segments of 1 minute duration, whi
h were

sele
ted from four all-night sleep re
ordings, by applying the methods mentioned above. We

divided the EEG-segments during sleep stage II into two subgroups: segments 
ontaining

K-
omplexes and/or vertex waves were assigned to group II

B

and those without su
h spikes

to group II

A

. In Fig. 14.6 we plotted the �-values on the ordinate against the D

2

-values on

the abs
issa. It is seen that during REM sleep (
) � is small and DC large. This is reversed

during deep sleep (stages III/IV, 4). As 
on
erns sleep stage II, the subgroup II

A

follows the

general trend between � and DC. The subgroup II

B

, however, deviates. This indi
ates that

the values of DC are mu
h less a�e
ted by the o

urren
e of spikes in group II

B

than the

estimates of �. In general, it is evident that the � exponent 
an also distinguish di�erent sleep

stages. On the other hand, Fig. 14.6 makes 
lear that the �-values are negatively 
orrelated

with the estimated D

2

.

Furthermore, we 
al
ulated DC and � for non-overlapping 
onse
utive 1 minute long

epo
hs from all-night sleep EEG-re
ordings. An inverse 
ovariation between DC and � was

dete
ted as is seen in Fig. 14.7, where the variations of DC and � are plotted. One sees

that both time variations re
e
t the 
y
li
 
hanges in sleep dynami
s whi
h 
oin
ide with
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.
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Figure 14.7: The smoothed time 
ourses

of dimensional 
omplexity D

2

(solid line in

upper panel) and self-similarity � exponent

(dotted line in upper panel) re
e
t the sleep

stage s
ores (lower panel) and exhibit the in-

verse 
ovariation.

the sleep stage s
ores. The inverse 
ovariation between DC and � and the fa
t that the

DC-values of EEG-signals di�er only slightly from those of surrogates led us to 
on
lude that

the DC measures mainly a linear property of EEG-signals { the persisten
e. Nevertheless,

the deviations from this overall behaviour, as observed e.g. in sleep stage II, are valuable for

further insights regarding the 
hara
ter of the EEG signals and will be the obje
t of further

resear
h.
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15 Me
hani
al Workshop

B. S
hmid, K. B�osiger, P. Treier, B. Wa
hter, B. Zaugg, A. Ro
hat, (apprenti
e) und Y.

Steiger (apprenti
e)

During the past year the me
hani
al shops were mostly o

upied with work for the di�erent

resear
h proje
ts des
ribed in this report. As a 
onsequen
e orders from other institutes

of the University of Z�uri
h and from the outside made up for only a small part of the shop

a
tivity. More than 30 institutes make, however, use of the metal and other te
hni
al material

supply stores maintained by the shop

3

.

Major proje
ts whi
h deserve mentioning are the following:

� H1-
ollaboration at DESY upgrade proje
t (groups Straumann and Tru�ol, see Se
t. 7):

After the su

essful 
onstru
tion of a prototype for the new 
ylindri
al proportional


hamber (CIP) in 1999, the full �ve-layer dete
tor was 
ompleted in January 2001.

This proje
t required more than 7800 man-hours, and the temporary employment of

two DESY te
hni
ians during several months. The 
omplexity and novelty of many

te
hniques used in the 
onstru
tion for
ed us to make many dedi
ated tests. The

su

essful 
ompletion was only possible with a 
onsiderable amount of patien
e and

overtime of all persons involved. Figures 15.1 to 15.3 illustrate some of the 
onstru
tion

steps. The items listed in Table 15.1 should provide a feeling for the size of the proje
t.

Table 15.1: Materials used in the CIP 
onstru
tion.

Roha
ell 25 m

2

� 1.5 mm

Al-foil 32 m

2

� 25 �m

Cathode foil (Cu pads) 12 m

2

� 25 �m

Spe
ial high voltage 
onne
tors produ
ed 240

Coaxial 
ables from 
athode pad to signal 
onne
tor 9000

Soldering 
onne
tions 16680

Signal 
onne
tors soldering points 80 � 120

Anode wires 2400, 5.28 km, � 25 �m

Araldit glue 10 kg

Total weight of 
hamber 35 kg

� Surfa
e physi
s group (Group Osterwalder, see Se
tion 12): Two bi-axial and one tri-

axial goniometer, to be used in ultra-high va
uum for photoele
tron di�ra
tion were

manufa
tured. A se
ond proje
t 
on
erned a photo
athode ele
tron gun for time re-

solved ele
tron di�ra
tion (see Figures 15.6 to 15.8).

3

For a 
atalogue see http://www.physik.unizh.
h/groups/werkstatt/dienstleistung.html
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Figure 15.1: A Roha
ell 
ylinder on its

mandril is being prepared for polishing.

Figure 15.2: The grooves for the 
ables

transmitting the 
athode signals to the end


anges are �lled with glue.

Figure 15.3: A 
ompleted dete
tor 
ylinder

is prepared for removal from the mandril.

Figure 15.4: The new CIP is being mounted

into the H1 
entral tra
ker.

Figure 15.5: Spe
ial high-voltage 
onne
tor.

Pi
tures from the

H1-
ollaboration

upgrade proje
t.
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Figure 15.6: Sample goniometer with �ve de-

grees of freedom for photoele
tron di�ra
tion

- after 
onstru
tion.

Figure 15.7: Completed sample goniometer

with �ve degrees of freedom for photoele
-

tron di�ra
tion - in position on the va
uum


ange with supplies.

Figure 15.8: Three axis positioning stage

used in ultrahigh va
uum for the surfa
e

physi
s group.

Pi
tures from proje
ts

for the surfa
e physi
s

group.
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16 Publi
ations

16.1 Resear
h group of Prof. C. Amsler

Arti
les

� Test of

�

NN potential models: Isospin relations in �pd annihilations at rest and the sear
h

for quasinu
lear bound states

A. Abele et al. (Crystal Barrel Collaboration)

Eur. Phys. Journal C 17 (2000) 583

� �pp-annihilation into !�

0

, !� and !�

0

at 600, 1200 and 1940 MeV/


A. Abele et al. (Crystal Barrel Collaboration)

Eur. Phys. Journal C 12 (2000) 429

� Bran
hing ratios for �pp annihilation at rest into two-body �nal states

A. Abele et al. (Crystal Barrel Collaboration)

Nu
l. Phys. A 679 (2001) 563

� Review of Parti
le Physi
s

D.E. Groom et al. (Parti
le Data Group)

Eur. Phys. Journal C 15 (2000) 1

� Parti
le Physi
s Booklet

D.E. Groom et al. (Parti
le Data Group)

Springer (2000)

� Hadron Spe
tros
opy

C.Amsler

Pro
. of the XVth Parti
les and Nu
lei International Conferen
e (PANIC),

Nu
l. Phys. A 663 (2000) 93


� Proton-antiproton annihilation into 6
 and 7


C. Amsler

Pro
. 8th Int. Conf. on Hadron Spe
tros
opy, Beijing (1999),

Nu
l. Phys. A 675 (2000) 67


� C. Regenfus

Ponte
orvo rea
tions with strangeness produ
tion on deuterium

Pro
. of the XVth Parti
les and Nu
lei International Conferen
e (PANIC),

Nu
l. Phys. A 663 (2000) 577


Arti
les in press

� Study of f

0

De
ays into Four Neutral Pions

A. Abele et al. (Crystal Barrel Collaboration)

Eur. Phys. Journal C

� 4�-de
ays of s
alar and ve
tor mesons

A. Abele et al. (Crystal Barrel Collaboration)

Eur. Phys. Journal C

� A High Resolution Sear
h for the Tensor Glueball Candidate �(2230)

A. Abele et al. (Crystal Barrel Collaboration)

Phys. Lett. B

� A high resolution sili
on beam teles
ope

C. Amsler et al.

Nu
l. Instr. Meth. in Physi
s Resear
h A
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� Temperature dependen
e of pure CsI s
intillation light yield and de
ay time

C. Amsler et al.

Nu
l. Instr. Meth. in Physi
s Resear
h A

� Antihydrogen Produ
tion and Pre
ision Spe
tros
opy with ATHENA / AD1

C. Amsler et al. (ATHENA Collaboration)

Pro
. Hydrogen II Conf., Castiglione de Pes
aia, Springer (2000)

� Proton-antiproton annihilation into �

0

�

0

�

0

, �

0

�

0

� and �

0

�� at 900 MeV/


C. Amsler

Pro
. of the Hirs
hegg Workshop on Hadron Spe
tros
opy, 14 - 20 January 2001

� Lorentz-angle in irradiated sili
on

R. Kaufmann and B. Henri
h

Nu
l. Instr. and Methods in Phys. Resear
h A

� Performan
e of ultra-thin sili
on dete
tors in a 5 MeV antiproton beam

P. Riedler

Pro
. of the 9th Vienna Conferen
e on Instrumentation, 19 - 23 February 2001

� Development of the ATHENA vertex dete
tor

P. Riedler

Pro
. Int. Conf. on the Interse
tions beween Parti
le and Nu
lear Physi
s,

Quebe
 City, 2000

� Dete
tion of antihydrogen with a Si-�-strip and CsI-
rystal dete
tor at


ryogeni
 temperature

C. Regenfus

Pro
. of the XXXth Int. Conf. on High Energy Physi
s, Osaka,

27 July to 2 August 2000

Diploma and PhD theses

� Sear
h for New Mesons in Proton-Antiproton Annihilation into !�

0

�

0

and !��

0

P. Giarritta

Dissertation, Universit�at Z�uri
h (2000)

� Proton-Antiproton Annihilation into Three Pseudos
alar Mesons at 900 MeV/


M. Heinzelmann

Dissertation, Universit�at Z�uri
h (2000)

Invited Le
tures

� C. Amsler

Invited talk, Korean-Swiss Seminar on Parti
le Physi
s, Pohang, Republi
 of Korea,

25.7.00

"Parti
le Physi
s in Switzerland"

� C. Amsler

Invited talk, Korean-Swiss Seminar on Parti
le Physi
s, Pohang, Republi
 of Korea,

26.7.00

"Antihydrogen Produ
tion with ATHENA"

� C. Amsler

Invited talk, Hirs
hegg Workshop on Hadron Spe
tros
opy, Hirs
hegg, Austria, 18.1.01

"Proton-antiproton annihilation into �

0

�

0

�

0

, �

0

�

0

� and �

0

�� at 900 MeV/
"
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� C. Regenfus

Invited talk, Korean-Swiss Seminar on Parti
le Physi
s, Pohang, Republi
 of Korea,

25.7.00

"Development of Sili
on Pixel Dete
tors for CMS"

� C. Regenfus

Contributed talk, XXXth Int. Conf. on High Energy Physi
s, Osaka, 28.7.00

"Dete
tion of antihydrogen with a Si-Mi
rostrip and CsI-
rystal dete
tor"

� P. Riedler

Seminar, Cambridge University, 16.5.00

"Antihydrogen Produ
tion at ATHENA"

� P. Riedler

Development of the ATHENA vertex dete
tor

Contributed talk, ICOHEPANS, Int. Conf. on High Energy Physi
s and Nu
lear

Stru
ture, Quebe
 City, 3.6.00

"Development of the ATHENA vertex dete
tor"

� P. Riedler

Contributed talk, 9th Vienna Conferen
e on Instrumentation, 21.2.01

"Performan
e of ultra-thin sili
on dete
tors in a 5 MeV antiproton beam"

ATHENA Collaboration:

C. Amsler, G. Bendis
ioli, G Bonomi, P. Bowe, M. Charlton, M. Collier, M. Doser, K. Fine,

A. Fontana, M.C. Fujiwara, R. Funakoshi, J. Hangst, R.S. Hayano, H. Higaki, M. Holzs
heiter,

W. Jo�rain, L. Jorgensen, D. Kleppner, V. Lagomarsino, R. Landua, C. Lenz Cesar, D. Lin-

del�of, E. Lodi-Rizzini, M. Ma
ri, G. Manuzio, M. Mar
hesotti, P. Montagna, H. Pruys,

C. Regenfus, P. Riedler, A. Rotondi, G. Rouleau, P. Salvini, T. Speer, G. Testera, D.P. van

der Werf, T. Watson, T. Yamazaki, Y. Yamazaki, A. Zenoni

CRYSTAL BARREL Collaboration (Authors may vary with publi
ation):

A. Abele, J. Adomeit, C. Amsler, D.S. Armstrong, C.A. Baker, B.M. Barnett, C.J. Batty,

M. Benayoun, A. Berdoz, R. Berli
h, K. Beu
hert, P. Birien, S. Bis
ho�, J. Bistirli
h,

P. Bl�um, R. Bossingham, K. Braune, J. Brose, D.V. Bugg, T. Case, S.U. Chung, A.R. Cooper,

O. Cramer, K.M. Crowe, T. Degener, H.P. Dietz, N. Djaoshvili, S. v. Dombrowski, M. Doser,

W. D�unnweber, D. Engelhardt, M. Englert, M.A. Faessler, C. Felix, P. Giarritta, R. Ha
k-

mann, R.P. Haddo
k, F.H. Heinsius, M. Heinzelmann, M. Herz, N.P. Hessey, P. Hidas,

C. Holzhau�en, P. Illinger, D. Jamnik, H. Kalinowsk, B. Kalteyer, B. K�ammle, P. Kam-

mel, T. Kiel, J. Kisiel, E. Klempt, H. Ko
h, M. Kobel, C. Kolo, M. Kunze, M. Lakata,

R. Landua, J. L�udemann, H. Matth�ay, R. M
Crady, J.P. Merlo, J. Meier, C.A. Meyer,

L. Montanet, A. Noble, R. Ouared, F. Ould-Saada, K. Peters, C. Pietra, C.N. Pinder, G. Pin-

ter, S. Ravndal, C. Regenfus, J. Rei�mann, S. Resag, W. Roethel, E. S
h�afer, P. S
hmidt,

M. S
h�utrumpf, I. S
ott, R. Seibert, S. Spanier, H. St�o
k, C. Stra�burger, U. Strohbus
h,

M. Su�ert, U. Thoma, H. Thuemmel, M. Tis
hh�auser, D. Urner, C. V�ol
ker, F. Walter,

D. Walther, U. Wiedner, N. Winter, J. Zoll, B.S. Zou,

�

C. Zupan�
i�
.

Parti
le Data Group (2000):

D.E. Groom, M. Aguilar-Benitez, C. Amsler, R.M. Barnett, C.D. Carone, C. Caso, G. Con-

forto, O. Dahl, M. Doser, S. Eidelman, J.L. Feng, L. Gibbons, M. Goodman, C. Grab,

A. Gurtu, K. Hagiwara, K.G. Hayes, J.J. Hernandez, K. Hikasa, K. Hons
heid, C. Kolda,
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M. Mangano, A. Manohar, A. Masoni, K. M�onig, H. Murayama, K. Nakamura, S. Navas,

K. Olive, L. Pape, A. Piepke, M. Roos, M. Tanabashi, N.A. Tornqvist, T.G. Trippe, P. Vogel,

C.G. Wohl, R.L. Workman, W.M. Yao, B. Armstrong, J.L. Casas Serradilla, B.B. Filimonov,

P.S. Gee, S.B. Logowsky, F. Ni
holson

16.2 Resear
h group of Prof. R. Engfer

Diploma and PhD theses

� Su
he na
h der Myon-Elektron-Konversion �

�

Au! e

�

Au mit SINDRUM II

Georg Kurz

PhD thesis, Z�uri
h University, 2001

� Su
he na
h der Lepton
avor verletzenden Myon-Elektron-Konversion in Gold: �

�

Au!

e

�

Au

Felix Rosenbaum

PhD thesis, Z�uri
h University, 2001

Invited le
tures

� P.Wintz

Status of �! e Conversion at PSI

Workshop on New Initiatives in Lepton Flavor Violation and Neutrino Os
illations

with Very Intense Muon and Neutrino Sour
es, East-West Center, University of Hawaii,

Honolulu, Hawaii, USA, O
tober 2-6, 2000

� A. van der S
haaf

Rare muon de
ays

Plenary ECFA meeting, CERN, 23-23 O
tober 2000

� A. van der S
haaf

Rare muon de
ays at a neutrino fa
tory

IPPP Workshop on Physi
s at a future Neutrino Fa
tory, Durham, UK, Mar
h 21-23,

2001

16.3 Resear
h group of Prof. H.-W. Fink

Arti
les

� Hans-Werner Fink

Ele
tri
al 
ondu
tion through DNA mole
ules,

In "Ele
troni
 properties of novel materials: Mole
ular Nanostru
tures"

Ameri
an Institute of Physi
s

� Hans-Werner Fink

DNA and Condu
tion Ele
trons

Visions and Re
e
tions Arti
le in Cellular and Mole
ular Life S
ien
es 58 (2001) 1-3

Birkh�auser Verlag Basel

Invited Le
tures

� Hans-Werner Fink

Physik mit koh�arenten Elektronenwellen

Physikalis
he Gesells
haft Z�uri
h, 13. 1. 2000
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� Hans-Werner Fink

Ele
tri
 Condu
tion through DNA Mole
ules

XIV International Winters
hool on Ele
troni
 Properties of Novel Materials,

Kir
hberg, Austria, 6. to 10. 3. 2000

� Hans-Werner Fink

Ele
tri
 Condu
tion through DNA Mole
ules

Mar
h Meeting Ameri
an Physi
al So
iety, Minneapolis, USA, 20 to 24. 3. 2000

� Hans-Werner Fink: Ameri
an Physi
al So
iety Press 
onferen
e on the possibilities of

DNA based ele
troni
s, Minneapolis, USA, 22. 3. 2000

� Hans-Werner Fink

Abbildung und Manipulation einzelner Molek�ule mit Hilfe der Elektronenhologra�e

Kolloquium der Physikalis
hen Chemie der Universit�at Hannover, 29. 3. 2000

� Hans-Werner Fink

Abbildung und Manipulation einzelner Molek�ule mit Hilfe der Elektronenhologra�e

Seminar der Physikalis
hen Chemie der Universit�at Z�uri
h, 9. 6. 2000

� Hans-Werner Fink

DNA and Mole
ular Ele
troni
s

Physi
s Seminar of the CNRS Marseille, 4.5.2000

� Hans-Werner Fink

Transmission Holography for Imaging and Manipulating Individual Mole
ules

IUVSTA Workshop on Holography and other Dire
t Methods

Hong Kong, China, 14. to 18. 8. 2000

� Hans-Werner Fink

Coherent �eld ele
tron sour
es and its appli
ations

EUROFE 2000 European Field Emission Workshop

Segovia, Spain, 25. to 29. 9. 2000

� Hans-Werner Fink

Probing the Ele
tri
al Condu
tivity of Mole
ules

International Workshop on the Mesos
opi
 Physi
s

Monte Verita, As
ona, Switzerland, 8. to 13.10. 2000

� Hans-Werner Fink

A new tool to image and manipulate individual biomole
ules

Pharmakologis
hes Seminar der Universit�at Z�uri
h, 12. 12. 2000

16.4 Resear
h group of Prof. H. Keller

Arti
les

� Re
ent experimental insights into HTSC materials

K.A. M�uller

Physi
a C 341-348, 11-18 (2000)

� D-XY 
riti
al behavior in 
uprate super
ondu
tors

T. S
hneider and J.M. Singer

Physi
a C 341-348, 87-91 (2000)

� T. S
hneider and J.M. Singer,

in:Phase Transition Approa
h To High Temperature Super
ondu
tivity,

Imperial College Press, London, 2000
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� From phase separation to stripes

K.A. M�uller

in: Stripes and Related Phenomena,

edited by Bian
oni and Saini, Kluwer/Plenum Publishers, (New York, 2000) (pp. 1-8)

� Large isotope e�e
t on the pseudogap in the high-temperature super
ondu
tor

HoBa

2

Cu

4

O

8

D. Rubio Temprano, J. Mesot, S. Janssen, K. Conder, A. Furrer, H. Mutka, and

K.A. M�uller

Phys. Rev. Lett. 84, 1990-1993 (2000)

� Large 
opper isotope e�e
t on the pseudogap in the high-temperature super
ondu
tor

HoBa

2

Cu

4

O

8

D. Rubio Temprano, J. Mesot, S. Janssen, K. Conder, A. Furrer, A. Sokolov, V. Trounov,

S.M. Kazakov, J. Karpinski, and K.A. M�uller

Eur. Phys. J. B 19, 5-8 (2000)

� Magnetis
he Flusslinien in Ho
htemperatur-Supraleitern

H. Keller

Vierteljahrss
hrift der Naturfors
henden Gesells
haft in Z�uri
h, 145/4, 153-160 (2000)

� Probing high-temperature super
ondu
rivity with positive muons

H. Keller

J. Super
ond. 13, 759-764 (2000)

� Where are we in HTSC?

K.A. M�uller

J. Super
ond. 13, 863-866 (2000)

� Universal properties at the quantum super
ondu
tor-to-insulator transition of 
uprates

T. S
hneider and J.M. Singer,

J. Super
ond. 13, 789-791 (2000)

� Tilting mode relaxation and oxygen isotope e�e
t in La

2�x

Sr

x

CuO

4

studied by ele
tron

paramagneti
 resonan
e

A. Shengelaya, H. Keller, K.A. M�uller, B.I. Ko
helaev, and K. Conder

J. Super
ond. 13, 955-958 (2000)

� Doping dependen
e of the e�e
tive mass anisotropy and oxygen-isotope e�e
t on the

magneti
 penetration pepth: The role of latti
e vibrations in high-temperature super-


ondu
tivity

J. Hofer, K. Conder, T. Sasagawa, Guo-meng Zhao, T. S
hneider, J. Karpinski,

M. Willemin, H. Keller, and K. Kishio

J. Super
ond. 13, 963-969 (2000)

� Oxygen-isotope e�e
t on the in-plane penetration depth in underdoped La

2�x

Sr

x

CuO

4

single 
rystals

J. Hofer, K. Conder, T. Sasagawa, Guo-meng Zhao, M. Willemin, H. Keller, and

K. Kishio

Phys. Rev. Lett. 84, 4192-4195 (2000)

� Torque magnetometry on single-
rystal high temperature super
ondu
tors near the 
rit-

i
al temperature: A s
aling approa
h

J. Hofer, T. S
hneider, J.M. Singer, M. Willemin, H. Keller, T. Sasagawa, K. Kishio,

K. Conder, and J. Karpinski

Phys. Rev. B 62, 631-639 (2000)
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� Small-angle s
attering from the vortex latti
e in high-T




and other super
ondu
tors

S.L. Lee, P.G. Kealey, E.M. Forgan, S.H. Lloyd, T.M. Riseman, D.M
K. Paul, S.T. John-

son, Ch. Simon, C. Goupil, A. Pautrat, R. Cubitt, P. S
hleger, C. Dewhurst,

C.M. Aegerter, and C. Ager

Physi
a B 276-278, 752-755 (2000)

� Charge degree of freedom and single-spin 
uid model in YBa

2

Cu

4

O

8

A. Suter, M. Mali, J. Roos, and D. Brinkmann

Phys. Rev. Lett. 84, 4938-4941 (2000)

� Exploring glasses on the mi
ros
opi
 level by NMR: xLiF � (1 - x)LiPO

3

D. Brinkmann, S. Berger, and J. Roos

Pro
eedings of the 7th Conferen
e of the Asian So
iety for Solid State Ioni
s, Fuzhou,

China, 29 Nov. - 4 De
. 2000, in: Solid State Ioni
s, Materials and Devi
es, edited by

B.V.R. Chowdari and Wenji Wang, World S
ienti�
 (Singapore, New Jersey, London,

Hong Kong, 2000) (pp. 167-176)

� Muon-spin rotation study of the magneti
 
orrelations in La

2�x

Ca

1+x

Cu

2

O

6+d

super-


ondu
tors

P.W. Klamut, B. Dabrowski, R. Dybzinski, Z. Bukowski, A. Shengelaya, R. Khasanov,

S. D�ottinger, and H. Keller

J. Appl. Phys. 87, 5558-5560 (2000)

� Anisotropy of the magnetization dis
ontinuity at the vortex-latti
e melting in untwinned

YBa

2

Cu

3

O

7�Æ

A. S
hilling, M. Willemin, C. Rossel, H. Keller, R. A. Fisher, N. E. Phillips, U. Welp,

W. K. Kwok, R. J. Olsson, and G. W. Crabtree,

Phys. Rev. B 61, 3592-3603 (2000)

� Oxygen isotope e�e
ts in the manganates and 
uprates studied by ele
tron paramag-

neti
 resonan
e

A. Shengelaya, Guo-meng Zhao, H. Keller, K.A. M�uller, and K. Conder

in: New Developments in High Temperature Super
ondu
tivity, ed. J. Klamut et al.,

Le
ture notes in physi
s (Springer-Verlag, 2000) (pp. 91-99)

� Strong oxygen-isotope e�e
t on the intrinsi
 resistivity in the ferromagneti
 state of

manganites

G.M. Zhao, D.J. Kang, W. Prellier, M. Rajeswari, H. Keller, T. Venkatesan, and R.L.

Greene

Phys. Rev. B (Rapid Communi
ations) 63, R60402-60405 (2001)

� Unusual ele
tri
al transport me
hanism in the ferromagneti
 state of the magnetoresis-

tive manganites

G.M. Zhao, H. Keller, and W. Prellier

J. Phys.: Condens. Matter 12, L361-366 (2000)

� Double-ex
hange and the 
ause of the ferromagnetism in doped manganites

G.M. Zhao

Phys. Rev. B 62, 11 639-11 643 (2000)

� Large oxygen-isotope e�e
t in Sr

0:4

K

0:6

BiO

3

: eviden
e for phonon-mediated super
on-

du
tivity

G.M. Zhao, K. Conder, M. Angst, S.M. Kazakov, J. Karpinski, M. Ma
iejewski, C.

Bougerol, J.S. Pshirkov, and E.V. Antipov

Phys. Rev. B (Rapid Communi
ations) 62, R11 977-11 980 (2000)
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� Eviden
e for the immobile bipolaron formation in the paramagneti
 state of the mag-

netoresistive manganites

G.M. Zhao, Y.S. Wang, D.J. Kang, W. Prellier, M. Rajeswari, H. Keller, T. Venkate-

san, C.W. Chu, and R.L. Greene

Phys. Rev. B (Rapid Communi
ations) 62, R11 949-11 952 (2000)

� Ele
tri
al transport in the ferromagneti
 state of manganites: Small polaron metalli



ondu
tion at low temperatures

G.M. Zhao, V. Smolyaninova , W. Prellier, and H. Keller

Phys. Rev. Lett. 84, 6086-6089 (2000)

� Argon annealing of the oxygen-isotope ex
hanged manganite La

0:8

Ca

0:2

MnO

3+y

G.M. Zhao, K. Conder, H. Keller, and K.A. M�uller

Phys. Rev. B 62, 5334-5334 (2000)

Arti
les in press

� Vortex-latti
e melting in YBa

2

Cu

3

O

7�Æ

for H==ab

A. S
hilling, U. Welp, W.K. Kwok, and G.W. Crabtree

Phys. Rev. B

� Tilting mode relaxation in the ele
tron paramagneti
 resonan
e of isotope substituted

La

2�x

Sr

x

CuO

4

: Mn

2+

A. Shengelaya, H. Keller, K.A. M�uller, B.I. Ko
helaev, and K. Conder

Phys. Rev. B

� Bulk experimental eviden
e of half-metalli
 ferromagnetism in doped manganites

G.M. Zhao, H. Keller, W. Prellier, and D.J. Kang

Phys. Rev. B

Diploma and PhD theses

� Studies of Intrinsi
 Magneti
 Properties of High Temperature Super
ondu
tors by

Means of Torque Magnetometry

J�urg Hofer

Dissertation, Physik-Institut, Universit�at Z�uri
h, 2000

� Bestimmung der Sensitivit�aten von Empfangsspulen in der Magnetresonanz-Bildgebung

Philipp Roggwiller

Diplomarbeit, Institut f�ur Biomedizinis
he Te
hnik der UNI und ETH Z�uri
h, 2000

Conferen
e reports

� Low-energy 
harge 
u
tuations in the presen
e of the pseudo spin gap in YBa

2

Cu

4

O

8

A. Suter, M. Mali, J. Roos, and D. Brinkmann

Physi
a C 341-348, 2167-2168 (2000)

� Chain 
harge 
u
tuations in YBa

2

Cu

4

O

8

dete
ted via apex oxygen nu
lear quadrupolar

relaxation

M. Mali, A. Suter, J. Roos, D. Brinkmann, H. Keller, and J. Karpinski

Physi
a C 341-348, 2169-2170 (2000)

� EPR of YBa

2

Cu

3

O

6+y

: models of paramagneti
 
enters with g � 4:2

R. Eremina, M. Eremin, M. Gafurov, V. Ivanshin, I. Kurkin, S. Kurzin, H. Keller, and

M. Gutmann

Physi
a B 284-288, 917-918 (2000)
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� Charge 
u
tuations in the high-T




super
ondu
tor YBa

2

Cu

4

O

8

observed by

17

O NMR

J. Roos, M. Mali, A. Suter, D. Brinkmann, and H. Keller

30th Congress AMPERE on Magneti
 Resonan
e and Related Phenomena, Lisbon,

Portugal, 23-28 July, 2000

� Anisotropy of the magnetization dis
ontinuity at the vortex-latti
e melting in untwinned

YBa

2

Cu

3

O

7�Æ

A. S
hilling

Gordon Resear
h Conferen
e on Super
ondu
tivity, Ventura, CA (USA), 13 February,

2000

Invited Le
tures

� H. Keller

Probing high-temperature super
ondu
tivity with muons

Conferen
e on Major Trends in Super
ondu
tivity in the New Millennium

Klosters, Switzerland, 31 Mar
h-6 April, 2000

� T. S
hneider

Universal properties at the quantum super
ondu
tor-to-insulator transition of 
uprates

Conferen
e on Major Trends in Super
ondu
tivity in the New Millennium

Klosters, Switzerland, 31 Mar
h-6 April, 2000

� J. Hofer

Oxygen-isotope e�e
t on the magneti
 penetration depth in underdoped La

2�x

Sr

x

CuO

4

Symposium on Intinerant and Lo
alized States in HTSC

Klosters, Switzerland, 6-10 April, 2000

� Guo-meng Zhao

Experimental 
onstraints on the physi
s of 
uprates and manganites

Symposium on Intinerant and Lo
alized States in HTSC

Klosters, Switzerland, 6-10 April, 2000

� A. Shengelaya

Tilting mode relaxation and oxygen isotope e�e
t in La

2�x

Sr

x

CuO

4

studied by ele
tron

paramagneti
 resonan
e

Symposium on Intinerant and Lo
alized States in HTSC

Klosters, Switzerland, 6-10 April, 2000

� Guo-meng Zhao

Un
onventional isotope e�e
ts in manganites and 
uprates

Department of Physi
s, Montana State University, USA, 17 April, 2000

� A. S
hilling

Super
ondu
ting 
erami
s: materials of atoms, matter of vorti
es

Universit�at Karlsruhe, Germany, 18 May, 2000

� Guo-meng Zhao

Experimental 
onstraints on the physi
s of 
uprates and manganites

Department of Physi
s, University of Geneve, Switzerland, 23 May, 2000

� H. Keller

Vortexmaterie und Myonen in Ho
htemperatur-Supraleitern

Universit�at Augsburg, Germany, 19 June, 2000
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� H. Keller

Probing high-temperature super
ondu
tivity with muons

Trends in Condensed Matter Physi
s

Monte Verit�a, As
ona, Switzerland, 3-8 September, 2000

� A. S
hilling

Phase transitions and thermodynami
 data of vortex matter in YBa

2

Cu

3

O

7�Æ

Trends in Condensed Matter Physi
s

Monte Verit�a, As
ona, Switzerland, 3-8 September, 2000

� J. Roos

High-pressure solid state NMR/NQR investigations.

AMPERE Summer S
hool: Appli
ations of Magneti
 Resonan
e in Novel Materials,

Nafplion, Gree
e, 3-9 September, 2000

� Guo-meng Zhao

Experimental 
onstraints on the physi
s of 
uprates and manganites

Se
ond International Summer S
hool on Strongly Correlated Systems, Debre
en, Hun-

gary, 4-9 September, 2000

� A. S
hilling

Phase transitions in vortex matter

Physikalis
h-Chemis
hes Institut der Universit�at Z�uri
h, 11 January, 2001

� Guo-meng Zhao

Experimental 
onstraints on the physi
s of 
uprates

Texas Center for Super
ondu
tivity at the University of Houston, USA, 23 January,

2001

� Guo-meng Zhao

Un
onventional isotope e�e
ts in the high-temperature 
uprate super
ondu
tors and


olossal magnetoresistive manganites

University of South Carolina, Columbia, USA, 25 January, 2001

� H. Keller

Oxygen-isotope e�e
t on the magneti
 penetration depth in 
uprate super
ondu
tors

Workshop on the Phase Diagram of High-Temperature Super
ondu
ting Copper Oxides

Max-Plan
k Institut Stuttgart, Germany, 5-7 Mar
h, 2001

� M. Mali

Oxygen isotope e�e
t of the spin pseudogap in YBa

2

Cu

4

O

8

as determined by NMR

Workshop on the Phase Diagram of High-Temperature Super
ondu
ting Copper Oxides

Max-Plan
k Institut Stuttgart, Germany, 5-7 Mar
h, 2001

16.5 Resear
h group of Prof. P. F. Meier

Arti
les

� Cluster Cal
ulations of the Hyper�ne Intera
tions in Super
ondu
ting Copper Com-

pounds

P. F. Meier, T. A. Claxton, P. H�usser, S. Pliber�sek, and E. P. Stoll

Z. Naturf., 55 a, 247-255 (2000)

� First-prin
iples Cal
ulations of Hyper�ne Intera
tions in La

2

CuO

4

P. H�usser, H. U. Suter, E. P. Stoll, and P.F. Meier

Phys. Rev. B 61, 1567-1579 (2000)
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� Ele
troni
 Stru
ture of Barium Hexaboride

S. Massidda, R. Monnier, and E. Stoll

Eur. Phys. J. B 17, 645-649 (2000)

� First Prin
iples Investigation of Lo
al Distortions in Doped La

2

CuO

4

S. Pliber�sek, E. P. Stoll, and P. F. Meier

J. Super
ond. In
. Nov. Magn. 13, 921-923 (2000)

� In
uen
e of Spin-Orbit Couplings to Nu
lear Spin-Latti
e Relaxation Rates in Sr-doped

La

2

CuO

4

E. P. Stoll, S. Pliber�sek, S. Renold, T. A. Claxton, and P. F. Meier

J. Super
ond. In
. Nov. Magn. 13, 971-975 (2000)

� Interpretation of Nu
lear Quadrupole Resonan
e Spe
tra in doped La

2

CuO

4

S. Pliber�sek and P. F. Meier

Europhys. Lett. 50, 789-795 (2000)

� Quasiparti
le Di�usion in Tantalum using Super
ondu
ting Tunnel Jun
tions

T. Nussbaumer, P. Ler
h, E. Kirk, A. Zehnder, R. F�u
hslin, P. F. Meier, and H. R. Ott

Phys. Rev. B 61, 9719-9728 (2000)

� Lo
al Estimates for Entropy Densities in Coupled Map Latti
es

E. Olbri
h, R. Hegger, and H. Kantz

Phys. Rev. Lett. 84, 2132-2135 (2000)

� Coarse Grained Dynami
al Entropies { Investigation of High-entropi
 Dynami
al Sys-

tems

H. Kantz and E. Olbri
h

Physi
a A 280, 34-48 (2000)

� Chaos or Noise: DiÆ
ulties of a Distin
tion

M. Cen
ini, M. Fal
ioni, H. Kantz, E. Olbri
h, and A. Vulpiani

Phys. Rev. E 62, 427-437 (2000)

� Re
ord Breaking Optimization Results { Using the Ruin & Re
reate Prin
iple

G. S
hrimpf, J. S
hneider, H. Stamm-Wilbrandt, and G. Due
k

J. Comp. Phys. 159, 139-171 (2000)

� The In
uen
e of Tru
ks on TraÆ
 Flow { An Investigation on the Nagel-S
hre
kenberg-

model

A. Ebersba
h, J. S
hneider, I. Morgenstern, and R. Hammw�ohner

Int. J. Mod. Phys. C 11, 837-842 (2000)

� Optimization of Produ
tion Planning Problems { A Case Study for Assembly Lines

J. S
hneider, J. Britze, A. Ebersba
h, I. Morgenstern, and M. Pu
hta

Int. J. Mod. Phys. C 11, 949-972 (2000)

Arti
les in press

� Re
onstru
tion of the Parameter Spa
es of Dynami
al Systems

S. G�uttler, H. Kantz, and E. Olbri
h

Phys. Rev. E

� Optimization of the Time-dependent Traveling Salesman Problem with Monte Carlo

Methods

J. Bentner, G. Bauer, G. M. Obermair, I. Morgenstern, and J. S
hneider

Phys. Rev. E
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Invited Le
tures

� H. R. Moser

"Ele
troen
ephalograms in Epilepsy: Complexity Analysis and Seizure Predi
tion within

the Framework of Lyapunov Theory"

Invited talk, The Physi
s of Low Dimensions, Oaxa
a (Mexi
o), 17.1.2000

� S. Pliber�sek

"Changes in the Ele
troni
 Stru
ture of La

2

CuO

4

indu
ed by Strontium"

APS Mar
h Meeting 2000, Minneapolis, 22. 3. 2000

� E. Olbri
h

"Chara
terizing extensive 
haos by means of lo
al observations"

Seminarvortrag, Max-Plan
k-Institut f�ur Mathematik der Naturwissens
haften, Leipzig,

10.5.2000

� J. S
hneider

"Modern Optimization Te
hniques for Spin Glasses"

Seminar talk dedi
ated to the 100th anniversary of Ernst Ising's birthday, Univ. of

Cologne, 15.6.2000

� E. P. Stoll

"Virtual Endos
opy: a new method for the early dete
tion of 
olon 
an
er and for

de�ning the size and shape of aorti
 stents based on a 
ollaboration between medi
ine,


omputer s
ien
e and physi
s"

Invited talk, IBM Fors
hungslabor R�us
hlikon, 30.8.2000

� J. S
hneider

"Methoden der statistis
hen Physik zur Optimierung von Produktionslinien"

Vorlesung mit

�

Ubungen, WE-Her�aus-Ferienkurs f�ur Physik, Univ. of Chemnitz (Ger-

many), 2.10.2000

� E. Olbri
h

"Das Konzept der dimensionalen Komplexit�at zur Charakterisierung von EEG's"

Seminarvortrag, Klinik f�ur Epileptologie, Univ. of Bonn, 30.10.2000

� E. Olbri
h

"What 
an be learned from EEG by nonlinear time series analysis?"

Seminarvortrag, Max-Plan
k-Institut f�ur Physik komplexer Systeme, Dresden, 5.12.2000

� P. F. Meier

"Ab initio Cal
ulations of Hyper�ne Properties in Super
ondu
tors" Arizona State

Univ., Tempe, Arizona, 6. 11. 2000

� P. F. Meier

"New Interpretation of NMR Data on Cuprates"

Third Internat. Conf. on New Theories, Dis
overies and Appli
ations of Super
ondu
-

tors, Honolulu, 18. 1. 2001

� P. F. Meier

"New Interpretation of NMR Data on Cuprates"

Workshop on the Phase Diagram of Cuprates, MPI Stuttgart, 5. 1. 2001
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16.6 Resear
h group of Prof. J. Osterwalder

Arti
les

� Ele
troni
 stru
ture of K doped C

60

monolayers on Ag(001)

C. Cepek, M. San
rotti, T. Greber, J. Osterwalder

Surf. S
i. 454-456 (2000) 467-471

� Angle-resolved photoemission study of 
lean and hydrogen saturated Mo(110)

J. Kr�oger, T. Greber, J. Osterwalder

Phys. Rev. B 61 (2000) 14146-14156

� Full hemispheri
al photoele
tron di�ra
tion and Fermi surfa
e mapping

J. Osterwalder, T. Greber, E. Wetli, J. Wider, H.-J. Ne�

Prog. Surf. S
i. 64 (2000) 65-87

� Fermi surfa
e 
ontours of p(2x2) O/Mo(110): an angle-resolved photoele
tron spe
-

tros
opy study

J. Kr�oger, T. Greber, J. Osterwalder

Surf. S
i. 459 (2000) 173-182

� Step-indu
ed one-dimensional surfa
e state on Cu(332)

F. Baumberger, T. Greber, J. Osterwalder

Phys. Rev. B 62 (2000) 15431-15434

� Doping-dependent ele
troni
 stru
ture of 
uprates studied using angle-resolved photoe-

mission

P. S
hwaller, T. Greber, P. Aebi, J. M. Singer, H. Berger, L. Forro, J. Osterwalder

Europhys. J. B 18 (2000) 215-225

� The photoemission Fermi edge as a sample thermometer

J. Kr�oger, T. Greber, T. J. Kreutz, J. Osterwalder

J. Ele
tron Spe
tros
. Relat. Phenom. 113 (2001) 241-251

� Determining adsorbate stru
tures from substrate emission x-ray photoele
tron di�ra
-

tion

M. Muntwiler, W. Auw�arter, F. Baumberger, M. Hoes
h, T. Greber, J. Osterwalder

Surf. S
i. 472 (2001) 125-132

� Atomi
ally resolved images from near-node photoele
tron holography experiments on

Al(111)

J. Wider, F. Baumberger, M. Sambi, R. Gotter, A. Verdini, F. Bruno, D. Cvetko, A.

Morgante, T. Greber, J. Osterwalder

Phys. Rev. Lett. 86 (2001) 2337-2340

Arti
les in press

� Surfa
e states on 
lean and adsorbate-
overed metal surfa
es

J. Osterwalder, T. Greber, J. Kr�oger, J. Wider, H.-J. Ne�, F. Baumberger

M. Hoes
h, W. Auw�arter, R. Fasel, P. Aebi

Pro
eedings of theWorkshop on Physi
s in Low Dimensions, Oaxa
a, Mexi
o, (Plenum

Press, 2001)

� In
uen
e of an atomi
 grating on a magneti
 Fermi surfa
e

T. Greber, W. Auw�arter, J. Osterwalder

Pro
eedings of theWorkshop on Physi
s in Low Dimensions, Oaxa
a, Mexi
o, (Plenum

Press, 2001)
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� Ele
troni
 and atomi
 stru
ture of the Cu/Si(111) `quasi-5x5' overlayer

M. De Santis, M. Muntwiler, J. Osterwalder, G. Rossi, F. Sirotti, A. Stu
k,

L. S
hlapba
h

Surf. S
i. (2001)

� Coexisting inequivalent orientations of C

60

on Ag(001)

C. Cepek, R. Fasel, M. San
rotti, T. Greber, J. Osterwalder

Phys. Rev. B (2001)

� Correlation e�e
ts and magnetism in 3d transition metals

J. Osterwalder

J. Ele
tron Spe
tros
. Relat. Phenom. (2001)

� Temperature-dependent Fermi gap opening in the 
(6x2)-C

60

/Ag(001) two-dimensional

superstru
ture

C. Cepek, I. Vobornik, A. Goldoni, E. Magnano, G. Selvaggi, J. Kr�oger, G. Pana

ione,

G. Rossi, M. San
rotti

Phys. Rev. Lett. (2001)

� Probing the ele
troni
 states of band ferromagnets with photoemission

T. Greber

Invited 
hapter, Heraeus Workshop on `Ground-State and Finite-Temperature Band

Ferromagnetism', Berlin Wandlitz, Springer Verlag (2001)

Diploma and PhD Theses

� C

60

intera
tion with metals and semi
ondu
tors

Cinzia Cepek

Ph. D. Thesis, Physik-Institut, Universit�at Z�uri
h, 2000

� Bau einer Elektronenkanone f�ur zeitaufgel�oste Beugung mit langsamen Elektronen

Reto Karrer

Diploma Thesis, Physik-Institut, Universit�at Z�uri
h, 2000

Conferen
e reports

� Near node photoele
tron holography: �rst proof-of-prin
iple experiments

J. Wider

European Physi
al So
iety - Condensed Matter Division Meeting (EPS-CMD-18), Mon-

treux, 13.3.00

� In
uen
e of a single layer insulator on a ferromagneti
 substrate: h-BN on Ni(111)

T. Greber

European Physi
al So
iety - Condensed Matter Division Meeting (EPS-CMD-18), Mon-

treux, 16.3.00

� Co 
lusters on h-BN/Ni(111): interfa
e atomi
 stru
ture analysis with XPD and STM

M. Muntwiler, W. Auw�arter, T. Greber, J. Osterwalder (Poster)

European Physi
al So
iety - Condensed Matter Division Meeting (EPS-CMD-18), Mon-

treux, 16.3.00

� One-dimensional Sho
kley surfa
e state resonan
es on Cu(332)

F. Baumberger, T. Greber, J. Osterwalder (Poster)

European Physi
al So
iety - Condensed Matter Division Meeting (EPS-CMD-18), Mon-

treux, 16.3.00
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� One- and two-dimensional surfa
e states on vi
inal Cu(111)

F. Baumberger

12th Symposium on Surfa
e S
ien
e, Kananaskis Village, Canada, 18.3.00

� Fermi-surfa
e 
ontours of H/Mo(110)

J. Kr�oger

Mar
h Meeting of the Ameri
an Physi
al So
iety, Minneapolis, USA, 23.3.00

� Fermi-Fl�a
hen von Ober
�a
henzust�anden auf H/Mo(110)

J. Kr�oger

Fr�uhjahrstagung der Deuts
hen Physikalis
hen Gesells
haft, Regensburg, 29.3.00

� One- and two-dimensional surfa
e states on vi
inal Cu(111)

F. Baumberger

19th European Conferen
e on Surfa
e S
ien
e, Madrid, Spain, 8.9.00

� Co on h-BN/Ni(111): a sharp metal-insulator-metal jun
tion?

W. Auw�arter, M. Muntwiler, T. Greber, J. Osterwalder (Poster)

19th European Conferen
e on Surfa
e S
ien
e, Madrid, Spain, 8.9.00

� The ele
troni
 stru
ture of itinerant ferromagnets: 
orrelation e�e
ts and future exper-

iments

J. Osterwalder

Japanese-Swiss Seminar on `Spe
tros
opy of Novel Materials with Highly Brilliant Syn-


hrotron Radiation', Nikko, Japan, 2.10.00

� A nanometer-sized magneti
 tunneling jun
tion: Co/h-BN/Ni(111)

M. Muntwiler (Poster) 4th Hasliberg Workshop on Nanos
ien
e, Hasliberg, 19.10.00

� Status of COPHEE, the COmplete PHotoEmission Experiment

M. Hoes
h (Poster) 3rd SLS Workshop on Syn
hrotron Radiation, Les Diablerets,

19.10.00

� Quantized ele
trons in ultrathin Ag �lms on Si(001) surfa
es

I. Matsuda (Poster) 3rd SLS Workshop on Syn
hrotron Radiation, Les Diablerets,

19.10.00

� Photoemission from Bi(111): 
omparision of syn
hrotron and home lab studies

M. Hengsberger (Poster, short talk (Poster Prize))

3rd SLS Workshop on Syn
hrotron Radiation, Les Diablerets, 19.10.00

� Imaging atom sites with near node photoele
tron holography

T. Greber (Poster)

3rd SLS Workshop on Syn
hrotron Radiation, Les Diablerets, 19.10.00

� Partial densities of states measured with polarized x-rays

F. Baumberger (Poster)

3rd SLS Workshop on Syn
hrotron Radiation, Les Diablerets, 19.10.00

Invited Le
tures

� F. Baumberger

One-dimensional Sho
kley surfa
e state resonan
es on stepped Cu(111) as measured by

photoele
tron spe
tros
opy

Condensed Matter Physi
s Seminar, Kansas State University, Manhattan, Kansas,

USA, 13.3.00
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� T. Greber

Exploiting the orientation of the light polarization in x-ray photoele
tron spe
tros
opy

(XPS) and di�ra
tion (XPD): From symmetry breaking, s partial densities of states to

near node photoele
tron holography

Workshop on the `ALOISA' beamline, Istituto Nazionale della Fisi
a della Materia,

Genova, Italy, 17.4.00

� J. Osterwalder

Ele
troni
 states near the Fermi energy in 3d ferromagnets and interfa
es

Seminar, Department of Physi
s, University of Modena, Italy, 25.5.00

� T. Greber

Strukturbestimmung mit winkelgerasterter Photoelektronenbeugung: von der Projek-

tion eines Kristalls bis zur Holographie mit atomarer Au
�osung

Festk�orperseminar der ETHZ, 25.5.00

� T. Greber

Exploring surfa
e states and magneti
 tunneling jun
tions with photoemission

Seminar de la Matiere Condensee, EPFL, 16.6.00

� J. Osterwalder

High-resolution photoemission study of the dis
ommensurate (5.55x5.55)-Cu:Si(111)

surfa
e layer

International Workshop on Ele
tron Spe
tros
opies and Strongly Correlated Ele
tron

Systems, Avila, Spain, 10.7.00

� J. Osterwalder

Surfa
e stru
ture from photoele
tron di�ra
tion: �ngerprinting, holography and stru
-

tural re�nement

26th IUVSTAWorkshop on Surfa
e Holography and Other Dire
t Methods, Hong Kong,

15.8.00

� M. Hoes
h

COPHEE, the COmplete PHotoEmission Experiment

National Syn
hrotron Light Sour
e Lun
htime Seminar, Brookhaven National Labora-

tory, Upton, NY, USA, 25.8.00

� M. Hoes
h

Photoemission from oriented orbitals

Seminar, Environmental Mole
ular S
ien
es Laboratory, Pa
i�
 Northwest National

Laboratory, Ri
hland, WA, USA, 8.9.00

� J. Osterwalder

Photoele
tron di�ra
tion and band stru
ture mapping

Low-Energy Ele
tron Mi
ros
opy (LEEM-2) Workshop, Paris, 27.9.00

� J. Osterwalder

The ele
troni
 stru
ture of itinerant ferromagnets: 
orrelation e�e
ts and future exper-

iments

Seminar, Nara Institute of S
ien
e and Te
hnology, Nara, Japan, 5.10.00

� T. Greber

Photoemission around the Fermi level of band ferromagnets

Heraeus Workshop on `Ground-State and Finite-Temperature Band Ferromagnetism',

Berlin Wandlitz, 5.10.00
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� T. Greber

Hexagonal boron nitride on ni
kel (111): a spin-sele
tive tunneling jun
tion?

Lun
h Seminar, Te
hnis
he Chemie, Te
hnis
he Universit�at Wien, 9.10.00

� T. Greber

Experiments at ELETTRA: from near node photoele
tron holography to Fermi surfa
es

in three dimensions

3rd SLS Workshop on Syn
hrotron Radiation, Les Diablerets, 17.10.00

� T. Greber

Photoelektronenbeugung: Holographie mit atomarer Au
�osung

Physik-Kolloquium, Universit�at Marburg, 3.11.00

� T. Greber

Untersu
hung der Grenz
�a
he zwis
hen einem Bandferromagneten und einem Isolator

Physik-Kolloquium, Universit�at D�usseldorf, 9.11.00

� J. Osterwalder

Valen
e band photoemission and Fermi surfa
e mapping

6 hours of Le
ture, S
hool on Syn
hrotron Radiation, ICTP Trieste, Italy,

29.11.00 - 4.12.00

� T. Greber

Untersu
hung von Ober
�a
henzust�anden und einer magnetis
hen Tunnelbarriere mit

winkelaufgel�oster Photoemission

Physik-Seminar, Te
hnis
he Universit�at M�un
hen, 26.1.01

16.7 Resear
h group of Prof. U. Straumann

(for H1 publi
ations see group of Prof. P. Tru�ol, Se
. 16.8)

Arti
les

� Measurement of CP-Violating Asymmetries in B0 De
ays to CP Eigenstates

B. Aubert et al. (BABAR Collaboration) , Phys. Rev. Lett. 86 (2001), 2515

� Ho�nung f�ur die Gravitationskonstante

St. S
hlamminger

Physikalis
he Bl�atter 56 (2000) Nr. 9 pp. 15-16 .

LHCb notes

� A triple GEM dete
tor with two-dimensional readout

M. Ziegler, P. Sievers and U. Straumann

hep-ex/0007007 and LHCb internal note LHCb-2000-056, July 2000

� LHCb Calorimeter, te
hni
al design report

The LHCb Collaboration

CERN/LHCC/2000-036, Sep. 6, 2000

� LHCb RICH, te
hni
al design report

The LHCb Collaboration

CERN/LHCC/2000-037, Sep. 7, 2000

� A Possible Layout of an Inner Tra
ker Sili
on Dete
tor

O. Steinkamp

LHCb-2000-109, November 2000
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� Spa
e Requirements and z Positions for Tra
king Stations

O. Steinkamp

LHCb-2000-108, November 2000

Conferen
e reports

� R. Bernet, B. Aubert et al.

14 
ontributed papers to the BABAR 
onferen
e, July 2000.

SLAC-PUB-8526...SLAC-PUB-8540 (BABAR-CONF-00-01...BABAR-CONF-00-16)

� A triple GEM dete
tor with two-dimensional readout

M. Ziegler, P. Sievers and U. Straumann

Pro
eedings of the International Conferen
e on Imaging Te
hniques in the borderlands

of High Energy Physi
s, Astrophysi
s, Nu
lear Physi
s, Medi
ine and Biology (Imaging

2000), 28 June - 1 July 2000, Sto
kholm, submitted to Nu
l. Instr. and Meth.

� First Level Trigger for H1, using the latest FPGA generation

M. Urban, J. Be
ker, A. Raus
h and U. Straumann

Pro
eedings of the 6th Workshop on Ele
troni
s for LHC Experiments 11-15 September

2000, Cra
ow, Poland.

� Determination of the Gravitational Constant Using a Beam Balan
e

St. S
hlamminger, E. Holzs
huh, W. K�undig

Conferen
e Digest, Conferen
e on Pre
ision Ele
tromagneti
 Measurements 2000,

Sydney, May 14 - 19, 2000, pp. 693-694 .

� Determination of the Gravitational Constant Using a Beam Balan
e

St. S
hlamminger, E. Holzs
huh, W. K�undig

to be published in the Conferen
e Pro
eedings of the 9th Mar
el Grossmann Meeting,

Rome, July 3 - 7 2000.

Invited Le
tures

� Inner Tra
king of LHCb

U. Straumann, Seminarvortrag, DESY, 15. M�arz 2000

� LHCb tra
king system

O. Steinkamp,

International symposium "LHC physi
s and dete
tors"

JINR, Dubna, Russian Federation, June 28-30, 2000

� Determination of the Gravitational Constant Using a Beam Balan
e

St. S
hlamminger, E. Holzs
huh, W. K�undig

Seminar, Physik Institut, Universit�at Konstanz, June 16th 2000.

� Neuere Bestimmungen der Gravitationskonstanten

St. S
hlamminger

Physikalis
hes Kolloquium, Fa
hberei
h Physik, Universit�at Kaiserslautern, January

29th 2001.

Diploma and PhD Theses

� Entwurf und Bau einer Frontend-Steuerung f�ur das CIP-Upgrade Projekt f�ur H1 bei

HERA

A
him Vollhardt

Diplomarbeit, Heidelberg und Z�uri
h, Januar 2001



112 Publi
ations

� The Data A
quisition and Control System for a Fast Trigger at H1

Jan Be
ker

Diplomarbeit, Heidelberg und Z�uri
h, November 2000

� Ein s
hneller Trigger f�ur H1 bei HERA

Max Urban

Diplomarbeit, Heidelberg und Z�uri
h, Mai 2000.

16.8 Resear
h group of Prof. P. Tru�ol

(in
l. H1 publi
ations of group Prof. U. Straumann)

Arti
les

� Di-jet Event Rates in Deep-Inelasti
 S
attering at HERA

H1-Collaboration

��

, C. Adlo� et al.

DESY 98 { 076

The European Physi
al Journal C13 (2000), 415 - 426

� Measurement of Dijet Cross Se
tions in Low Q

2

and the Extra
tion of an E�e
tive

Parton Density for the Virtual Photon

H1-Collaboration

��

, C. Adlo� et al.

DESY 98 { 205

The European Physi
al Journal C13 (2000), 397 -414

� K

+

! �

+

�

�

�

+

in E865 at BNL

E865 Collaboration

y

, Julia A. Thompson et al.

hep-ex 9904026

Pro
. 17

th

Int. Workshop on Weak Intera
tions and Neutrinos (WIN 99), Cape Town,

South Afri
a (January 1999), eds. A. Dominguez, R.D. Viollier (World S
ienti�
, Sin-

gapore 2000), p. 540 - 544.

� Elasti
 Ele
troprodu
tion of � Mesons at HERA

H1-Collaboration

��

, C. Adlo� et al.

DESY 99 { 10

The European Physi
al Journal C13 (2000), 371 - 396

� Measurement of Neutral and Charged Current Cross Se
tions in Positron-Proton Col-

lisions at Large Momentum Transfer

H1-Collaboration

��

, C. Adlo� et al.

DESY 99 { 107, hep-ex 9908059

The European Physi
al Journal C13 (2000), 609 - 639

� A New Measurement of the Rare De
ay K

+

! �

+

�

+

�

�

E865-Collaboration

y

, H. Ma et al.

hep-ex 9910047

Physi
al Review Letters 84 (2000), 2580 - 2583

� Investigation of Power Corre
tions Event Shape Variables Measured in Deep-Inelasti


S
attering

H1-Collaboration

��

, C. Adlo� et al.

DESY 99 { 193, hep-ex 9912052

The European Physi
al Journal C14 (2000), 255 - 269; addendum ibidem C18 (2000),

417 - 419.
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� The H1 Sili
on Vertex Dete
tor

D. Pitzl, O. Behnke, M. Biddulph, K. B�osiger, R. Ei
hler, W. Erdmann, K. Gabathuler,

J. Gassner, W.J. Haynes, R. Horisberger, M. Kaus
h, M. Lindstr�om, H. Niggli, G.

Noyes, P. Pollet, S. Steiner, S. Streuli, K. Szeker, and P. Tru�ol

hep-ex 0002044

Nu
lear Instruments and Methods in Physi
s Resear
h A454 (2000), 334 - 349.

� Sear
h for Compositeness, Leptoquarks and Large Extra Dimensions in eq Conta
t

Intera
tions at HERA

H1-Collaboration

��

, C. Adlo� et al.

DESY 00 { 027, hep-ex 0003002

Physi
s Letters B479 (2000), 358 - 370

� Measurement of Di-jet Cross Se
tions in Photoprodu
tion and Photon Stru
ture

H1-Collaboration

��

, C. Adlo� et al.

DESY 00 { 035, hep-ex 0003011

Physi
s Letters B483 (2000), 36 - 48

� Elasti
 Photoprodu
tion of J=	- and Y -Mesons at HERA

H1-Collaboration

��

, C. Adlo� et al.

DESY 00 { 037, hep-ex 0003020

Physi
s Letters B483 (2000), 23 - 35

� Elasti
 �-Meson Produ
tion at HERA

H1-Collaboration

��

, C. Adlo� et al.

DESY 00 { 070, hep-ex 0005010

Physi
s Letters B483 (2000), 360 - 372

� An Improved Limit on the Rate of the De
ay K

+

! �

+

�

+

e

�

E865-Collaboration

y

, R. Appel et al.

hep-ex 0005016

Physi
al Review Letters 85 (2000), 2450 - 2453

� Sear
h for Lepton Flavor Violation inK

+

De
ays into a Charged Pion and Two Leptons

E865-Collaboration

y

, R. Appel et al.

hep-ex 0006003

Physi
al Review Letters 85 (2000), 2877 - 2880.

� In
lusive Photoprodu
tion of Neutral Pions in the Photon Hemisphere at HERA

H1-Collaboration

��

, C. Adlo� et al.

DESY 00 { 085, hep-ex 0006017

The European Physi
al Journal C18 (2000), 293 - 302.

� A Sear
h for Ex
ited Fermions at HERA

H1-Collaboration

��

, C. Adlo� et al.

DESY 00 { 102, hep-ex 0007035

The European Physi
al Journal C17 (2000), 567 - 581

Arti
les in Print

� Di-jet Produ
tion in Charged and Neutral Current ep Intera
tions at High Q

2

H1-Collaboration

��

, C. Adlo� et al.

DESY 00 { 143, hep-ex 0010016

The European Physi
al Journal C (2001), in print.
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� Measurement and QCD Analysis of Jet Cross Se
tions in Deep-Inelasti
 Positron-Proton

Collisions at

p

s of 300 GeV

H1-Collaboration

��

, C. Adlo� et al.

DESY 00 { 145, hep-ex 0010054

The European Physi
al Journal C (2001), in print.

� Di�ra
tive Jet-Produ
tion in Deep-Inelasti
 e

+

p Collisions at HERA

H1-Collaboration

��

, C. Adlo� et al.

DESY 00 { 174, hep-ex 0012051

The European Physi
al Journal C (2001), in print.

� Deep-Inelasti
 In
lusive ep S
attering at Low x and a Measurement of �

s

H1-Collaboration

��

, C. Adlo� et al.

DESY 00 { 181, hep-ex 0012053

submitted to The European Physi
al Journal C

� Measurements of Neutral and Charged Current Cross Se
tions in Ele
tron-proton Col-

lisions at High Q

2

at HERA

H1-Collaboration

��

, C. Adlo� et al.

DESY 00 { 187, hep-ex 0012052

The European Physi
al Journal C (2001), in print.

� A Large A

eptan
e, High Resolution Dete
tor for Rare K

+

-de
ay Experiments

E865-Collaboration

y

, R. Appel et al.

Nu
lear Instruments and Methods in Physi
s Resear
h (2001), in print.

� Sear
hes at HERA for Squarks in R-Parity Violating Supersymmetry

H1-Collaboration

��

, C. Adlo� et al.

DESY 01 { 021, hep-ex 0102050

submitted to The European Physi
al Journal C (2001)

� Open Charm and Beauty Produ
tion at HERA

F. Sefkow

Pro
. 30

th

International Conferen
e on High Energy Physi
s (ICHEP 2000), Osaka,

Japan, July 2000

hep-ex 0011034

� New Results on Rare and Forbidden Semileptoni
 K

+

De
ays

P. Tru�ol

HQ2K, 5

th

International Workshop on Heavy Quarks at Fixed Target, Centro Brasileiro

de Pesquisas Fisi
as, Rio de Janeiro, Brazil, O
tober 2000

hep-ex 0012012

Pro
. ed. A. Reis, Fras
ati Physi
s Series (2001)

Conferen
e reports

� Test der Quanten
hromodynamik in inklusiver ep-Streuung mit dem H1 Detektor

R. Wallny

DPG Fr�uhjahrstagung 2000 - Teil
henphysik, Dresden, Germany, Mar
h 21 - 24, 2000

� Messung von Beauty-Produktion bei HERA mit dem H1-Vertexdetektor

J. Kroseberg

DPG Fr�uhjahrstagung 2000 - Teil
henphysik, Dresden, Germany, Mar
h 21 - 24, 2000

� Messung von Beauty-Produktion bei HERA

J. Kroseberg

DPG Fr�uhjahrstagung 2001 - Teil
henphysik, Bonn, 26. - 29. M�arz 2001
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Invited Le
tures

� Open Charm and Beauty Produ
tion at HERA

F. Sefkow

30

th

International Conferen
e on High Energy Physi
s (ICHEP 2000), Osaka, Japan,

July 2000

� New Results on Rare and Forbidden Semileptoni
 K

+

De
ays

P. Tru�ol

HQ2K, 5

th

International Workshop on Heavy Quarks at Fixed Target, Centro Brasileiro

de Pesquisas Fisi
as, Rio de Janeiro, Brazil, O
tober 2000

Diploma and PhD Theses

� A Measurement of Di�ra
tive Charm Produ
tion at HERA

Stefan Hengstmann

Dissertation, Physik-Institut, Universit�at Z�uri
h, De
ember 2000

� Contributions to the Development of Mi
rostrip Gas Chambers (MSGC) for the

HERA-B Experiment

Thomas Walter

Dissertation, Physik-Institut, Universit�at Z�uri
h, February 2001

y

E865-
ollaboration:

R. Appel

8;6

, G.S. Atoyan

2;8

, B. Bassale
k

5

, D.N. Brown

6

, D.R. Bergman

8

, N. Cheung

6

, S. Dhawan

8

,

H. Do

8

, J. Egger

3

, S. Eilerts

5

, C. Felder

1;6

, H. Fis
her

5

, M. Ga
h

6

, W.D. Herold

3

, V.V. Isakov

2;8

,

H. Kaspar

3

, D. Kraus

6

, D. Lazarus

1

, L. Leipuner

1

, J. Lowe

5

, J. Lozano

8

, H. Ma

1

, W. Majid

8

,

W. Menzel

4

, S. Pislak

7;8

, A.A. Poblaguev

2;8

, A.L. Proskurjakow

2

, P. Rehak

1

, P. Robmann

7

,

A. Sher

7

, A. Sher

6

, R. Stotzer

5

, J.A. Thompson

6

, P. Tru�ol

7;8

, H. Weyer

4;3

, M.E. Zeller

8

3

Paul S
herrer Institut, Villigen

7

Physik-Institut der Universit�at Z�uri
h, Z�uri
h

��

H1-
ollaboration (status of February 2001, the a
tual author list may di�er from paper

to paper somewhat):

C. Adlo�

33

, V. Andreev

24

, B. Andrieu

27

, T. Anthonis

4

, V. Arkadov

35

, A. Astvatsatourov

35

,

A. Babaev

23

, J. B�ahr

35

, P. Baranov

24

, E. Barrelet

28

, W. Bartel

10

, P. Bate

21

, A. Beglarian

34

,

O. Behnke

13

, C. Beier

14

, A. Belousov

24

, T. Benis
h

10

, Ch. Berger

1

, T. Berndt

14

, J.C. Bizot

26

,

V. Boudry

27

, W. Brauns
hweig

1

, V. Brisson

26

, H.-B. Br�oker

2

, D.P. Brown

11

, W. Br�u
kner

12

,

D. Brun
ko

16

, J. B�urger

10

, F.W. B�usser

11

, A. Bunyatyan

12;34

, A. Burrage

18

, G. Bus
hhorn

25

,

A.J. Campbell

10

, J. Cao

26

, T. Carli

25

, S. Caron

1

, D. Clarke

5

, B. Clerbaux

4

, C. Collard

4

,

J.G. Contreras

7;41

, Y.R. Coppens

3

, J.A. Coughlan

5

, M.-C. Cousinou

22

, B.E. Cox

21
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