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pepiniere d'entreprises 
services specifiques d'assistance 
aux entreprises pour une implantation 
regionale et pour des relations 
avec le CERN. 

L E 
T E C H N O P A R C 
- P A Y S D E G E X -

CONTACT: 
SYNDICAT INTERCOMMUNAL 

D'ACTIVITES DU PAYS DE GEX 

50, RUE GUSTAVE EIFFEL 

F- 01630 SAINT-GEMS -POUILLY 

Tel. (033 04) 50 42 20 00 

Fax (033 04) 50 42 20 20 

& ft # 

A G R E A T 
BUSINESS I D E A 
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at the crossroads of the F/CH/D/I 
motorways, close to two 
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Ultra high powered CAMAC Crate 
- Up to 1600W output kept cool by 90% efficiency 
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To avoid down times: 

w i e - N e - R 
Plein & Baus GmbH 

Werk fur 

F Industrie-
elektronik 

' Nuklear-
elektronik ^^^H 

f Regelungs-
technik 

Plein & Baus GmbH, Germany 
51399 Burscheid , Muellersbaum 20 

Phone.: (49) 2174 6780 Fax.: (49) 2174 678 555 
E- Mail: wiener @ pb. gl. eunet. de 

Beam Charge Monitor 
Measures : 
• Single beam pulses with 3 x 1 0 6 e- resolution 
• Bunch lifetime in multi single bunch mode, instantly 
• Orbit current with 8nA rms resolution 
• Slow spills of several thousands micropulses 
Excellent absolute calibration 

They all use it: 
ASTRID, CESR, DAFNE, DELTA, ELSA, ESRF, LEP, SRRC 

The Energy Amplifier, for absolute beam measurement 
Even the Swiss Office of Metrology in Bern uses it 

for its irradiation national primary standard. 

Precision Beam 
Instrumentation 

c Europe: Bergoz Tel.: 
U.S.A.: GMW Tel. 

Japan: Repic Tel 

+33-50.41.00.89 
(415) 802-8292 
: (03) 3918-5326 

«Le defi de l'Univers» 
Ce CD-Rom vous invite a 
partagerl'une des plus for-
midables aventures scien-
tifiques du 20° siecle: le 
voyage dans linfiniment 
petit a la recherche de 
lorigine de I'univers. 
(Mac-PC) 

FrS 69.90 

Envoi du bon de commande a Ellipse Iibra iHe, CP 1443,1211 Geneve 1 
Nom/Societe nb. exemplaire 

Adresse NPA-Ville 

Carte:U Visa • Eurocard Echeance | |[ | | ]| j 

No. CM • • • • • • • • • • • • • • • • 
5-defi 

Date/Signature 

Serveur; http://www.ellipse.ch - E-mail: info@ellipse.ch 
tel (022) 73158 78 - fax (022) 738 36 48 -14, rue Rousseau 

VI CERN Courier, October 1996 

http://www.ellipse.ch
mailto:info@ellipse.ch


Warsaw conference Warsaw University's Auditorium Maximum 
provided the location for the parallel sessions 
of the 1996 Rochester conference. 

I n recent years , the biennial 
"Rochester" Internat ional 

Conference on High Energy Physics 
has been a fest ival of the S tandard 
Mode l , the 20-year-o ld set of theor ies 
descr ib ing part icles and forces. 
Despi te early expectat ions to the 
contrary, the 28th in this prest ig ious 
ser ies, held in W a r s a w in July, tu rned 
out to be true to fo rm. 

In 1995, after many years of 
increasingly accurate measu remen ts 
agree ing ever more precisely wi th 
Standard Model predict ions, s o m e 
smal l d iscrepancies appeared . 

Theoret ic ians lost no t ime in 
invoking exp lanat ions involv ing 
physics beyond the S tandard Mode l . 
The most popular of these is 
supersymmet ry , a theory l inking 
part ic les and forces wh ich in t roduces 
a new "supersymmetr ic " par tner for 
each ordinary part ic le. T h e a tmos
phere was charged wi th ant ic ipat ion 
for new physics. But by the t ime the 
1996 Rochester c a m e a round , most 
of the d iscrepanc ies had gone away, 
leaving the Standard Model healthier 
than it has been for s o m e t ime. 

The mood of the con ference w a s 
captured by Gabr ie le Venez iano , 
head of C E R N ' s Theory Div is ion, 
wi th his conc lud ing remarks that "The 
Standard Model 's heal th, a l ready 
excel lent, keeps improv ing as it gets 
rid of a little co ld , or a smal l 
headache. " But add ing the opt imist ic 
note that "Theoret ical belief in 
supersymmet ry appears really 
unshakab le , and even contag ious 
towards the exper imenta l is ts . " 

The Standard Model 

T h e first hints that the Standard 
Model was on the road to recovery 
c a m e in the paral lel sess ions w h e n 
Ian Tomal in and Bruna Ber tucc i , both 
f rom C E R N , presented new results 

on the so-cal led R b anomaly f rom the 
A leph and L3 exper iments 
respect ively at CERN 's Large 
Electron-Posi t ron Coll ider, LEP. R h 

is the fract ion of quark-produc ing Z 
decays result ing in pairs of heavy 
b-quarks. Last year, results f rom 
LEP s e e m e d to indicate that this 
happened far too often (October 
1995, page 1). But supersymmet ry 
prov ided an explanat ion. The idea 
was that the Z can decay into 
supersymmet r ic part ic les, wh ich in 
turn decay to b-quarks. 

T h e results presented by Tomal in 
and Bertucci are closer to the S tand
ard Model than last year 's measure
ment . T h e A leph result matches 
precisely at 21 .58%, but the new 
wor ld average is still uncomfor tab ly 
high at 21 .78%. The general feel ing 
in W a r s a w was one of wa i t -and-see, 
but supersymmet ry enthusiasts 
pointed out that the new wor ld 
average is exact ly what their mode l 
ant ic ipates. 

Andrze j Buras of Munich Technica l 
Univers i ty h o m e d in on CP vio lat ion, 
the mechan i sm bel ieved to be 
responsib le for the apparent absence 
of ant imat ter in the Universe. He 
looked fo rward to the new precis ion 
measu remen t of direct CP violat ion 
expec ted soon f rom C E R N ' s NA48 
exper iment . 

Ano ther precis ion exper iment wh ich 
is eager ly ant ic ipated was in t roduced 
by W a r s a w ' s Stefan Pokorski in his 
review of e lec t roweak theory. A new 
exper iment at Brookhaven will soon 
fix the anoma lous magnet ic momen t 
of the m u o n wi th the unprecedented 
precis ion of 0.35 parts per mil l ion, 20 
t imes better than CERN 's classic 
measuremen t . Th is important 
quant i ty is a measure of the 
point l ikeness of muons , and prov ides 
a power fu l test of e lec t roweak theory. 

T h e W a r s a w conference was the 
first Rochester to we l come the top 
quark into the Standard Model 's 
heaviest fami ly of part ic les. T w o 
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W a r s a w c o n f e r e n c e 

Conference Chairman Andrzej Wroblewski and 
CERN's Research Director Lorenzo Foa (left) 
admire conference coverage in Warsaw's 
newspapers 

years ago in Glasgow, top w a s still 
unconf i rmed. Now, it is perhaps the 
best measured quark of al l , accord
ing to Rochester Universi ty 's Paul 
T ip ton, who pinpointed its mass at 
175±6 GeV with a product ion rate 
around 6.5 pb, a little higher than 
expected, but not inconsistent with 
theory. These measurements c o m e 
f rom combined data f rom the C D F 
and DO exper iments at Fermi lab 's 
Tevat ron proton-ant iproton coll ider, 
and are der ived f rom some 100 p b 1 

of data corresponding to 500 top-
ant i top pairs for each exper iment . 

Scott Wi l lenbrock of Ill inois 
cont inued the top quark theme, 
looking forward to top physics to 
come . Since the top quark is so 
much heavier than the other quarks , 
he said, there must be someth ing 
special about it. Top, for example , 
cou ld have large CP violat ing 
decays , and might become the CP 
laboratory of the future. Top could 
even give hints of physics at the 
Planck scale where quan tum 
mechan ics and gravity meet. For 
example , one model of the Higgs 
symmet ry breaking mechan ism, 
thought to be responsible for mass , 
has a second min imum at the Planck 
energy. This model correct ly puts 
the top mass at 173±4 GeV, and 
predicts a Higgs boson mass of 
135±9 GeV. 

The remaining quarks were covered 
by Rochester Universi ty 's Lawrence 
Gibbons who presented a plethora of 
da ta on quark mix ing. A corners tone 
of the Standard Model is the 
Cab ibbo-Kobayash i -Maskawa matr ix, 
whose e lements give the probabi l i t ies 
of one kind of quark turn ing into 
another. Several new measuremen ts 
of osci l lat ion f requencies in neutral B 
mesons are t ightening the constra ints 
on these matr ix e lements . G ibbons 
also presented the most accurate 
measurement to date of the mass 

di f ference between long-l ived and 
short- l ived kaons made by the CP-
LEAR exper iment at C E R N . W h e n 
comb ined wi th the exper iment 's 
studies of CP-violat ing kaon decays , 
the result carr ies the reassur ing 
message that the combinat ion of CP 
with t ime reversal symmetry , CPT, 
appears to be conserved. 

Ala in Blondel of Ecole Poly-
technique pointed out that with the 
top mass now measured , the Higgs 
mass is now the only unknown 
parameter in the Standard Model . 
S ince the Higgs mass is highly 
sensi t ive to s i n 2 0 w (the weak mix ing 
wh ich l inks the two components of 
the e lect roweak force), that is where 
attent ion shou ld turn, said Blondel . 
The SLD detector at Stanford 's SLC 
electron-posi t ron col l ider current ly 
has the most precise measurement 
of s i n 2 0 w obta ined by exploi t ing the 
8 0 % beam polarizat ion obtainable 
at SLAC. Their va lue is 
0.23061 ±0 .00047, signif icantly 

dif ferent f rom that obta ined at LEP. 
T h e reasons for this d iscrepancy are 
not yet unders tood. 

Blondel a lso had the task of pre
sent ing the f inal Z results f rom LEP 
represent ing seven years of pa in
stak ing precis ion analysis, and the 
current state of play with the W, the 
Zs charged partner. LEP's f inal 
va lue for the Z mass is 
9 1 . 1 8 6 3 ± 0 . 0 0 2 0 G e V . Fermi lab 
current ly has the best measurement 
of the W mass at 80 .356±0.125 GeV. 
The LEP2 va lue f rom the first few 
days of running s tands at 80.3 GeV, 
wi th an uncertainty of half a GeV. 

Summar iz ing Standard Model 
physics, Gabr ie le Venez iano drew 
at tent ion to the remain ing excurs ions 
f rom the Standard Model . R b is still 
s ignif icant ly removed f rom the 
predict ion, despi te the new data. 
There are substant ia l d i f ferences 
be tween S L D and LEP va lues of 
s i n 2 0 w , and the b-quark coupl ing 
parameter , A b , is uncomfor tably far 
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W a r s a w c o n f e r e n c e 

Warsaw old town square provided a pleasant 
place for conference goers to relax after a hard 
day's work. 

f rom the Standard Model predict ion, 
he sa id . Putt ing all of the new 
Standard Model measuremen ts into 
the equat ions yields a current best 
guess of the Higgs mass at 150 GeV, 
beyond the reach of LEP2 but c o m 
fortably within range of C E R N ' s LHC 
proton-proton coll ider. 

A fine thread of glue 

Monday morn ing 's p lenary sess ion 
w a s held together by g lue. C E R N ' s 
Rolf Landua presented the work of 
the "spect roscopy detect ives" hunt ing 
down exotic part icles. The ex is tence 
of a part icle made entirely f rom 
g luons, a g luebal l , sa id Landua, is 
now establ ished, but it is not yet c lear 
whether it is the f 0 (1720) found at 
S L A C in the 1980s, or the f 0 (1500) 
revealed by the Crystal Barrel 
exper iment at CERN 's LEAR 
ant iproton ring last year. Further 
invest igat ions are needed . T h e real 
g luebal l should also be found in J/psi 
decays , but it should not appear in 
two-photon physics s ince g luons 

don' t couple to photons. Wi th LEAR 
clos ing down at the end of 1996, the 
immedia te future of gluebal l searches 
will move to Bei j ing, where the BES 
exper iment studies J/psi decays. 

Sergey Levonian of Ecole 
Poly technique and Hal ina 
Abramowicz of Tel Aviv both drew 
attent ion to the Pomeron, a math
emat ical enti ty invoked some thirty 
years ago to descr ibe elastic scatter
ing phenomena , and once again in 
the spot l ight. If the Pomeron has a 
high g luon content , it could help to 
explain effects seen at the HERA 
electron-proton col l ider in Hamburg . 
H E R A also reveals the structure 
funct ion of the proton at low m o m e n 
tum fract ion. The structure funct ion 
measures the momen tum distr ibut ion 
of the proton's const i tuents. Accord 
ing to George Sterman of the State 
Universi ty of New York, a rise was 
not unexpec ted by quark-g luon 
theory, but more work is needed to 
unders tand the observed effect fully. 
Further Pomeron studies will a lso 
"provide important input for the next 
generat ion of col l iders", accord ing to 

Abramowicz . But is the Pomeron 
real, or is it purely a mathemat ica l 
tool? By the next Rochester , 
Ab ramowicz and Levonian agreed, 
perhaps w e will know the answer. 

Levonian also spoke of jet mult ipl ici
t ies, an a rea where exper iment and 
theory have been uncomfor tab ly far 
apart for s o m e ttme. Theory says 
that the ratio of mult ipl ici ty in g luon 
jets to that in quark jets should be 
around 1.8, whereas exper iments 
have sugges ted a va lue closer to 1.2. 
A new analys is by O P A L at LEP, 
however , g ives an exper imenta l 
va lue a round 1.6, consistent wi th the 
theoret ical predict ion. 

G luons could also account for last 
year 's excess of high t ransverse 
m o m e n t u m jets seen by Fermi lab's 
C D F exper iment , accord ing to 
Raymond Brock of Michigan State. 
The other Tevat ron exper iment , DO, 
did not see the s a m e effect, wh ich 
led Brock to ask whether the two 
exper iments data sets were 
inconsistent , or whether it was the 
mode ls used to interpret the data 
wh ich were at var iance. His 
conc lus ion w a s that it is the models , 
and that w e need to know more 
about the g luon distr ibut ion inside the 
proton before w e can reliably 
interpret p h e n o m e n a such as CDF 's 
je ts . Wha t at first appeared to be a 
crack in the Standard Model turns out 
to be just a lack of informat ion 
needed to interpret the data. 

The thread of g lue reached its end 
wi th Warsaw 's Jan Nassalski who 
pondered the quest ion of "Why 
nature has chosen such a complex 
w a y to say one half." He was 
cons ider ing the spin of the proton, a 
spin-half part icle whose spin was 
once thought to be due to the quarks 
inside. Now w e know that the story 
is not so s imple, the spin comes 
part ly f rom intrinsic angular 
m o m e n t u m , part ly f rom the quarks, 
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W a r s a w c o n f e r e n c e 

The latest Standard Model results show that 
the most likely place to find the Higgs particle, 
responsible for electroweak symmetry 
breaking, is at 150 GeV. 

but most ly, it appears , f rom g luons. 
HERA 's Hermes exper iment , and 
perhaps the p roposed C O M P A S S 
spect rometer at C E R N , wil l soon 
measure the g luon contr ibut ion 
directly, by s tudy ing J/psi product ion 
in lepton-proton scat ter ing. 

New Physics 

Kenneth Lane of Bos ton , embo ld 
ened by the new R b measu remen ts 
f rom LEP, prov ided a refreshing and 
enterta in ing al ternat ive to super-
symmet ry , for wh ich , he says, there 
is not one scrap of ev idence. Quot 
ing Emily Dick inson "Faith is a f ine 
invent ion when gen t lemen can see, 
but microscopes are prudent in an 
emergency" , Lane 's c lar ion call was 
look for ev idence of a l ternat ive 
theor ies too. G raham Ross of 
Oxford , on the other hand , spoke for 
the major i ty when he urged 
exper iments to go out and f ind 
supersymmet ry . T ime wil l tell who , if 
either, turns out to be correct ! 

Peter Maett ig of Dor tmund in his 
talk on new part icle searches chose 
not to take up Kenneth Lane 's cal l , 
but to concent ra te instead on Higgs 
and supersymmet ry . Last year, 
when LEP took its first s tep up in 
energy, there was exc i tement in the 
A leph camp when a number of 
cur ious events were detec ted. These 
each had four jets of part ic les wi th a 
comb ined mass a round 105 G e V 
(January, page 1). At the t ime, A leph 
c la imed that a l though these events 
could be expla ined by the S tandard 
Mode l , they could a lso be new 
physics. But now wi th data f rom the 
other LEP exper iments ana lysed , 
and new data f rom the 1996 LEP run, 
it looks like these are just S tandard 
Model events after all. On the super-
symmet ry front, cand idate events 
exist at both Fermi lab and LEP2, but 

Preliminary 

for the t ime being at least, the S tand
ard Model can account for t hem al l . 

Re inhard Stock of Frankfurt s u m 
mar ized the results of the recent 
Quark Matter conference, held in 
Heide lberg (July, page 1), and said 
that the "Lead beam SPS p rog ramme 
is on the verge of a breakthrough." 
He looked forward to the cont inu ing 
p rog ramme at the SPS, and the 
upcoming p rogrammes at Brook-
haven 's RHIC coll ider and the LHC 
for this breakthrough to be real ized. 

At the more speculat ive level, 
C E R N ' s Sergio Ferrara summar i zed 
recent deve lopments in superst r ing 
theory where much progress is being 
made to demonst ra te the equiva
lence of dif ferent candidate theor ies. 

Strong Coupling Constant and Heavy 
Flavours 

Michael Schmel l ing f rom the Max 
Planck Institute in Heidelberg pointed 
out that a s , the strong interact ion 
coupl ing constant , is the least wel l 
known of all S tandard Model coupl ing 
constants , but measurements are 
beginn ing to converge. Measure
ments are made at energies ranging 

f rom 1 to 133 G e V and s ince a 
s 

var ies wi th energy, they are all 
ex t rapo la ted to the Z -mass (91 GeV) 
for compar i son . Measurements f rom 
deep inelast ic scat ter ing wh ich used 
to be low, and va lues f rom electro-
w e a k interact ions, wh ich used to be 
h igh, are now coming into l ine, g iv ing 
a new global average of 0 .118±0.003 
consis tent wi th theoret ical ca lcu
lat ions presented by Sou thampton 's 
Jona than F lynn. 

Jeff R ichman of the Universi ty of 
Cal i forn ia at Santa Barbara 
d iscussed heavy quark decays . 
Near ly all measuremen ts are in good 
ag reemen t wi th Heavy Quark 
Effect ive Theory wh ich makes th ings 
easier to ca lcu late by assuming that 
heavy quarks are ext remely heavy. 
T h e except ion is the l i fet ime of the A B 

baryon, wh ich appears to be 
signi f icant ly lower than expec ted . 
Gu ido Mart inel l i of Rome threw s o m e 
light on this in his d iscuss ion of 
theoret ical aspects of heavy f lavour 
phys ics. In reality, he sa id , the quark 
masses are not all large, and much 
effort is be ing made to unders tand 
the so-ca l led power correct ions 
wh ich account for this. Accord ing to 
Mart inel l i , the A B d iscrepancy 
be tween exper iment and theory 
ar ises f rom just such a power 
correct ion. 

Neutrinos and Cosmology 

Tokyo 's Yoich i ro Suzuk i s u m m e d 
up the neutr ino sector concentrat ing 
on exper iments wh ich could show 
ev idence for osci l lat ions, neutr inos 
chang ing f rom one type to another. 
All of the f ive solar neutr ino 
exper iments detect fewer solar 
neutr inos than the s tandard solar 
mode l expects . The new super 
Kamiokande detector, some 30 t imes 
larger (by mass) than its predecessor 
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W a r s a w c o n f e r e n c e 

Andrzej Wroblewski and Yoshio Yamaguchi 
share a joke between sessions. 

star ted taking data in Apr i l , and so far 
s e e m s to see the s a m e effect (July, 
page 22). In a tmospher ic neutr inos 
or ig inat ing f rom cosmic rays, the ratio 
of muon to electron type neutr inos is 
not what is expec ted . Both these 
p h e n o m e n a could be exp la ined if 
neutr inos have a mass , wh ich wou ld 
a l low them to osci l late. 

The Los A lamos Liquid Scint i l lator 
Neutr ino Detector exper iment , L S N D , 
still c la ims to see ev idence for 
osci l lat ions, f inding cand idate 
e lectron-neutr ino events in a m u o n -
neutr ino beam. But a simi lar 
exper iment , the KAr lsruhe Ruther ford 
in terMediate Energy Neutr ino 
exper iment , K A R M E N , at the 
Ruther ford App le ton Laboratory in 
Br i tain, has so far not seen any 
ev idence for this effect. The 
cont roversy will probably cont inue 
until long basel ine exper iments , such 
as that wh ich will send a neutr ino 
b e a m f rom the Japanese KEK 
laboratory to super Kamiokande 250 
km away, and the NuMI project at 
Fermi lab (September , page 20) start 
to take data. The theory of neutr ino 
masses w a s presented by Alexei 
Smi rnov of the Internat ional Cent re 
for Theoret ica l Physics in Tr ieste w h o 
looks forward to new results wh ich 
wil l put the "huge edi f ice" of theory on 
more sol id foundat ions. 

Sac lay 's Michel Spiro s u m m e d up 
the emerg ing f ield of part icle astro
physics, div iding his presentat ion into 

three: the dark s ide, the monster 
s ide, and the opposi te s ide of the 
Universe. T h e dark s ide is character
ised by the search for dark matter. 
W I M P S , M A C H O S , or a combinat ion 
of both? W I M P stands for Weak ly 
Interact ing Mass ive Part icle, perhaps 
the ant ic ipated supersymmetr ic 
part ic les, but so far there 's n o e v i -
dence that they exist. M A C H O s , 
MAss ive Compac t Halo Objects , on 
the other hand , do seem to exist. 
T w o cand idates have been found by 
gravi tat ional lensing. The monster 
s ide of the Universe is mani fest on 
Earth in the form of high energy 
cosmic rays wh ich come f rom act ive 
galact ic nucle i . Cou ld these be Black 
holes with a mass between one and 
a hundred mil l ion t imes that of the 
sun? The opposi te s ide of the 
Universe cou ld only be ant imatter. 
Are there ant istars and ant igalaxies 
out there? The Ant iMat ter Spect ro
meter, A M S , will start to look w h e n it 
first f l ies aboard the space shutt le in 
1998, and then on the space stat ion 
f rom 2001 (November 1995, page 8). 
The terrestr ial ant imatter highl ight 
was the detect ion of ant ihydrogen at 
C E R N in 1995 (March 1996, page 1) 
pav ing the w a y for new exper iments 
to s tudy spectra l and gravi tat ional 
effects. 

Robert Scherrer of Ohio State 
concent ra ted on two recent measure 
ments of the abundance of pr imordial 
deuter ium wh ich differ by a factor of 

10, and cou ld have profound impl ica
t ions for the Universe. If the lower 
result is correct , then our current 
unders tand ing of big bang 
nuc leosynthes is cou ld be in t rouble. 
But it is too ear ly to say wh ich 
measu remen t is right. The analys is 
involves observ ing spect ra f rom 
quasars seen th rough c louds of 
space dust , and the interpretat ion 
cou ld be in f luenced by the presence 
of o ther mater ia l in the way . 

Future Detectors and Accelerators 

Enzo larocci of Frascat i gave a 
comprehens i ve overv iew of the 
advances wh ich have been made in 
the f ield of detectors f rom innovat ive 
upgrades be ing prepared for the 
Tevat ron 's detectors , to complete ly 
new dev ices at Stanford and C E R N . 
Smal ler , faster, radiat ion-harder was 
the message de legates took away 
wi th t h e m , a lmost paraphras ing the 
mot to of the O lympic games , tak ing 
p lace in At lanta at the same t ime as 
the con fe rence . Compac t , fast and 
radiat ion hard detectors are needed 
to hand le the LHC's unprecedented 
800 M H z proton-proton col l is ion rate. 

In his talk on future accelerators, 
Brookhaven 's Rober t Palmer, 
concent ra ted on the speculat ive area 
of muon col l iders. The idea for such 
mach ines dates back to the 1960s, 
but ser ious work only began this 
decade , w h e n it became clear that 
LEP w a s l ikely to be the last big 
c ircular e lect ron-posi t ron coll ider. 
Muons s e e m e d to present an 
at t ract ive a l ternat ive, but the main 
prob lem is that they don' t live very 
long, and wou ld average just 1000 
orbits before decay ing . By 
compar i son , LEP 's beams comple te 
over 11000 orbi ts a second , and are 
s tored in the mach ine for several 
hours. A muon col l ider wou ld have 
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W a r s a w c o n f e r e n c e 

For the plenary sessions, the conference 
moved to the Palace of Culture and Science, a 
highly visible reminder of Poland's recent 
history. 

to have a very thick b e a m pipe to 
absorb radiat ion f rom decay ing 
muons , and the detectors wou ld lose 
a 20° cone to shie ld ing a round the 
beam for the same reason. T h e 
great advantage of muon col l iders is 
their smal l s ize and cost. O n the 
down side, s ince the ideas are all 
new, there 's a chance that they might 
not work. 

T o c lose the conference, Gabr ie le 
Venez iano pra ised the "Joint effort" 
be ing made by both exper imenta l is ts 
and theor ists "to unders tand not only 
accelerator data, but a lso gravi ty, 
ast rophys ics, and cosmology . " 

T h e next Rochester conference will 
be held in 1998 at the Universi ty of 
Brit ish Co lumbia , Vancouver , 
Canada . Next year 's major confer
ence, the 1997 Lepton-Photon 
Sympos ium will be in Hamburg , 
Germany , and the 1999 Lepton-
Photon Sympos ium will be at 
Stanford, Cal i fornia. 

by James Gillies 

Euroconference QCD 

A nother snapshot of 
con temporary part icle physics, 

sl ightly more technical , came f rom 
the 4th high energy physics Quan tum 
Chromodynamics meet ing in 
Montpel l ier, France. 

Quan tum chromodynamics (QCD) , 
the f ield theory of quarks and g luons, 
has a tradit ional summer venue in 
Montpel l ier, o rgan ized by S tephan 
Nar ison. Q C D 96 was the first of the 
new Montpel l ier Euroconference 
Ser ies in Q C D sponsored by the 
European commiss ion in Brussels. 

Tradi t ional ly involving equal num
bers of exper imenta l and theoret ical 
ta lks and part ic ipants, the meet ing 
also gives an opportuni ty for young 
physic ists to contr ibute at an interna
t ional level, together with more 
famil iar names . It is thus a compro 
mise be tween a large scale interna
t ional high energy physics confer
ence and a smal l specia l ized 
meet ing . 

T h e p rog ramme covered var ious 
Q C D approaches , including 
perturbat ive ser ies expans ions -
increasingly l imited when the cou 
pl ing becomes st rong - and al terna
t ive non-perturbat ive approaches. 

The first results f rom exper iments at 
CERN 's LEP electron-posi t ron 
col l ider operat ing at higher energ ies 
(130-150 GeV) on , for example , the 
quark-g luon coupl ing (ccs) are l imited 
due the still low statist ics avai lable. 

Probing the col l is ions of quarks and 
g luons deep inside nucleons, data 
f rom quark and gluon jet product ion 
and event shape f rom LEP and f rom 
Stanford 's S L D linear e lect ron-
posi t ron coll ider, f rom Fermi lab 's 
Tevat ron (proton-ant iproton col l ider 
and f ixed target studies) and f rom 
DESY 's H E R A electron-proton 

col l ider show a genera l good agree
ment wi th Q C D predict ions, and give 
est imates of s o m e non-perturbat ive 
power correct ions and improved 
measu remen ts of a . 

s 
T h e S M C Spin Muon Col laborat ion 

at C E R N has new results on the 
polar ized (sp in-dependent) quark 
st ructure of the 'p ro ton and deuteron, 
where the total spin does not reflect 
the componen t quark spins. 
Theoret ica l ta lks emphas ized that 
this "spin cr isis" is val id not only for 
the proton, but is a universal Q C D 
property and shou ld occur for any 
target . 

T h e cont inued explorat ion by H E R A 
and by C E R N ' s N M C muon 
col laborat ion of the low m o m e n t u m 
transfer (Q 2 ) and m o m e n t u m fract ion 
(x) regions g ives new impetus to 
per turbat ive Q C D in these low-
energy reg imes. 

For heavy quarks and leptons, 
exper imenta l results on product ion 
and decays of B (containing the fifth 
'beauty ' quark) and D (containing the 
four th ' charm' quark) part icles came 
f rom the C L E O detector at Cornel l 's 
C E S R electron-posi t ron col l ider and 
f rom S L D and HERA. The sixth ('top') 
quark product ion and decays 
presented by the C D F col laborat ion 
at Fermi lab 's Tevat ron col l ider show 
a good ag reement with Q C D 
predict ions and yield an improved 
measuremen t of the top quark mass. 

A review of di f ferent determinat ions 
of the Q C D coupl ing showed how it 
var ies as the inverse of the logar i thm 
of the energy, as predicted by Q C D , 
f rom around the tau lepton mass of 
1.8 G e V up to the LEP energy of 150 
GeV, and the increasing range of 
p rocesses f rom wh ich it can be 
ext rac ted. 

T h e Crysta l Barrel and Obel ix 
groups at C E R N ' s LEAR low energy 
ant iproton ring have consol idated the 
ev idence for 'g luonia ' - fundamenta l 
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A quarter century of 
hadron colliders 

Organized by Stephan Narison, quantum 
chromodynamics (QCD), the field theory of 
quarks and gluons, has a traditional summer 
venue in Montpellier, France. 

Q C D part ic les conta in ing only g luons 
but no quarks. 

Though there has been no 
spectacular Q C D d iscovery dur ing 
the past few years , the Montpel l ier 
meet ing ref lected cont inuous 
progress and improved results. It 
under l ined the s t rong convic t ion that 
Q C D is the best and un ique 
candidate gauge theory of quarks 
and g luons, whi le ongo ing results 
also show that the non-per turbat ive 
approaches (such as latt ice 
calculat ions and Q C D spectra l s u m 
rules) satisfy most exper imenta l 
tests. 

In many respects the theory is 
s imple, wi th quarks behav ing more 
and more like free part ic les at h igh 
momenta . However the permanen t 
conf inement of quarks is not yet 
quant i tat ively exp la ined, mak ing 
Q C D an enigmat ic part of the 
otherwise so successfu l S tandard 
Mode l . 

The next Q C D Montpel l ier meet ing 
wil l be f rom 3-8 July 1997. 

From Stephan Narison (Conference 
Chairman) 

W ith C E R N str iding conf ident ly 
a long the road towards 

construct ion of its LHC - Large 
Hadron Col l ider - p lanned to c o m e 
into operat ion in 2005, the Laboratory 
can a lso look back 25 years to 1 9 7 1 , 
when the wor ld 's first hadron col l ider, 
the Intersect ing Storage Rings - ISR -
was commiss ioned . 

As C E R N ' s first col l iding beam 
mach ine , the ISR pointed the way to 
C E R N ' s future. Mirror ing the early 
history of the Laboratory, the ISR 
was itself a masterp iece of 
accelerator bui lding and expert ise, 
for wh ich the full physics benef i t 
c a m e only later. 

Fol lowing the invent ion of beam 
stack ing by the US Mid-Western 
Universi t ies Research Assoc ia t ion 
(MURA) , led by Gera ld O'Nei l l , in the 
mid-1950s, C E R N built a mode l 100 
MeV electron mach ine, and later the 
C E S A R electron storage r ing. 

Whi le other research centres began 
looking towards electron s torage 
rings, and subsequent ly e lect ron-
posi t ron col l iders, C E R N chose a 
dif ferent route. In the early 1960s, 
C E R N proposed bui lding twin r ings to 
store 25 GeV proton beams, fed by 
the PS proton synchrot ron. 

A new era begins in particle physics. January 
1971 - handling the first-ever collisions of 
proton beams at CERN's new Intersecting 
Storage Rings (ISR). Foreground, left to right -
Wolfgang Schnell, M. Zanasco, Franco 
Bonaudi, Fritz Ferger (partially hidden), Klaus 
Unger, Bas de Raad, Lorenzo Resegotti, 
Mildred Blewett, Simon van der Meer. 

(Photo CERN 159.1.71) 

After a deta i led des ign report w a s 
pub l ished in 1964, the ISR project 
w a s formal ly approved by C E R N 
Counci l the fo l lowing year. 
M o m e n t u m behind the innovat ive 
project c a m e f rom the v is ion of 
C E R N ' s Director Genera l Victor 
Weisskopf . Mervyn Hine, responsib le 
for long te rm planning under 
Weisskopf , w a s another key f igure. 

In a 'V iewpoint ' art icle last year 
(December 1995, page 20) Hine 
pointed out C E R N ' s debt to 
We isskop f 'in a lmost all the work it 
does today ' . In reply, Weisskopf 
wro te 'Whatever I d id in this 
connect ion w a s done together wi th 
Mervyn Hine, more often than not, 
on his init iat ive.' 

T h e ISR also en joyed the v igorous 
suppor t of the then new European 
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A q u a r t e r c e n t u r y of h a d r o n c o l l i d e r s 

Easy does it. ISR project leader Kjell Johnsen 
(left) and Klaus Unger watch the behaviour of 
the protons in one ISR ring. 
(Photo CERN521.10.70) 

Commi t tee for Future Acce lera tors 
(ECFA) under Edoardo Ama ld i . To 
prov ide a home for the new mach ine , 
the French government generous ly 
of fered addi t ional land a longs ide 
C E R N ' s exist ing site in Meyr in , 
Swi tzer land, so that C E R N symbo l i 
cal ly became an internat ional o rgan i 
zat ion on the map as wel l as in name. 

In 1953, C E R N , wi th vir tual ly no 
exper ience in accelerator bui ld ing, 
had boldly dec ided to const ruct the 
wor ld 's largest synchro t ron. T h e 28 
G e V PS Proton Synchro t ron duly 
c a m e into act ion in November 1959, 
several months ahead of a simi lar 
mach ine at B rookhaven . 

The ISR w a s another bold venture . 
Stack ing and col l id ing high intensity 
proton beams was unchar ted 
terr i tory. Foreseen cha l lenges - t ight 
to lerances everywhere , unheard of 
levels of ul trahigh v a c u u m , beam 
instabil i t ies - were met. Unforeseen 
prob lems - mainly more b e a m 
instabil i t ies - were ove rcome and the 
solut ions became s tandard 
accelerator pract ice. New techn iques 
were added to the accelerator 
physics repertoire. Schot tky scan 

d iagnost ics, on- l ine space charge 
compensa t ion , and superconduct ing 
magnets , as wel l as stochast ic 
cool ing, were p ioneered at the ISR. 
The ISR w a s the first example of 
industr ial ly built superconduct ing 
magnets (to squeeze the col l id ing 
beams and boost the col l is ion rate) 
being used in a synchrot ron r ing. 
Circulat ing beams regularly at ta ined 
and mainta ined a whopp ing 40 amps , 
showing that part ic les remained 
under t ight contro l . 

Above all the skill and expert ise the 
C E R N accelerator team accumula ted 
f rom the ISR was to s tand it in good 
s tead for subsequent major col l iding 
beams projects - the proton-ant iproton 
coll ider, for the LEP electron-posi t ron 
coll ider, and for the LHC. 

In some respects, the ISR was 
conce ived as a single giant exper i 
ment in proton-proton scat ter ing, to 
ascerta in how the react ion rate wou ld 
behave in the new energy range 
opened up by col l iding 25 GeV 
proton beams . At first g lance, protons 
s e e m e d to behave like soft grey bags 
of nuclear mater ial through wh ich 
high energy beams could sl ice. For 

these soft protons, the rising react ion 
rate wi th energy and the famous 'dip' 
in the angular distr ibut ion of elastic 
scat ter ing are now part of physics 
history. T h e ISR's 'Roman pot' 
detectors , prot ruding into the beam 
pipe to get as c lose as possib le to 
the beams , have become another 
phys ics s tandard . 

In other areas of physics, a wal l had 
been b lock ing the v iew. Only with the 
arr ival of the ISR were researchers 
able to peer over and get a first 
g l impse of wha t lay on the far s ide. 
Wh i le the ISR w a s being built, high 
energy e lect ron beams at the 
Stanford Linear Accelerator Center, 
S L A C , for the first t ime probed deep 
inside protons. Most of the t ime the 
e lect rons easi ly p ierced the soft 
pro ton, but occasional ly the beams 
hit t iny hard gra ins, or 'par tons' (later 
ident i f ied as quarks) f rom wh ich 
e lect rons r icocheted violent ly. 

For the ISR, few had paid at tent ion 
to the contr ibut ion of the componen t 
quarks h idden deep inside the 
proton. Initially, the exper iments 
concent ra ted on intercept ing proton 
debr is wh ich cont inued to fol low the 
direct ion of the col l id ing beams. But 
soon after the ISR began operat ions, 
part ic les we re seen f ly ing out 
s ideways f rom the col l is ions. Against 
a background due to soft mushy 
protons sl i ther ing over each other, 
the ISR, for the first t ime in physics 
history, w a s see ing what happened 
w h e n const i tuent quarks col l ided. 

Wh i le the S L A C exper iments had 
d iscovered electr ical ly charged 
par tons th rough their e lect romagnet ic 
interact ions, at the ISR these 'hard ' 
col l is ions were found to occur much 
more f requent ly , at rates typical of 
s t rong interact ions. Par tons were 
also st rongly interact ing. 

T h e p ioneer exper iments wi th 
e lectron b e a m s at S L A C or wi th 
neutr ino beams at C E R N wh ich 
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A q u a r t e r c e n t u r y of h a d r o n c o l l i d e r s 

The writing on the wall. Intersection 8 at the 
ISR as it was in 1970, almost devoid of 
instrumentation for experiments. Compare this 
stark scene with the picture below. 
(Photo CERN 91.8.70) 

eluc idated the par ton/quark picture 
were however bl ind to the g luon 
componen t of the proton, wh ich only 
interacts strongly. It soon became 
clear that the ISR, as wel l as see ing 
quark-quark col l is ions, was also 
see ing interact ions be tween quarks 
and g luons or be tween two g luons. A 
classic examp le of such quark-g luon 
interact ions, wi th the struck g luon 
turn ing into a photon , was the ISR's 
1978 d iscovery of 'direct' photon 
product ion at w ide angles. 

Wi th the emergence of this hard 
scat ter ing as the staple physics diet 
of high energy hadron col l iders, the 
ISR ushered in a new era in instru
mentat ion and detector bui ld ing. 
T o ana lyse these quark interact ions, 
the ISR w a s subsequent ly equ ipped 
wi th big detectors wrapped round the 
col l is ion point to intercept the results 
of these v io lent quark col l is ions and 
exploi t this new physics. These major 
detectors , wi th large teams of phys i 
cists and compl ica ted tr igger ing to 
isolate interest ing events , were the 
fo rerunners of the col laborat ions at 
today's large colliding beam machines. 

At the formal c losure of the ISR in 
1984, Victor Weisskopf admi t ted that 
the ISR had 'probably missed one or 
two Nobel pr izes' , but that did not 
mat ter that much . Had these 
d iscover ies been made at the ISR, 
the course of physics wou ld not have 

By 1983, the scenery at ISR Intersection 8 had 
changed. The beam crossing point was almost 
surrounded by the uranium calorimeter of the 
R807/808 experiment which saw initial 
evidence for 'jets' in high energy collisions and 
discovered single photons emerging from 
quark-gluon interactions deep inside the 
colliding protons, with the struck gluon turning 
into a photon. Intersection 8 was also the site 
of superconducting 'low-beta' magnets used to 
squeeze the beams and boost the collision 
rate, the first time such magnets had been 
used in an accelerator. 
(Photo CERN 295.10.83) 
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Physics monitor 

been a l tered. T h e really important 
th ing about the ISR,' he con t inued, 
'is its success as an instrument, 
because that did change the land
scape of high energy physics ' . 

As a proton col l ider, the ISR did 
more to change phys ics than the 
more modest con temporary e lect ron-
posi t ron col l iders. 

Wi th construct ion of LEP imminent , 
the ISR was finally sacr i f iced on the 
f inancial altar, but did not depar t 
before giving a spark l ing d isplay of 
the wor ld 's first high energy pro ton-
ant iproton col l is ions. 

The forec losure of the ISR led many 
physic ists to wax unusual ly lyr ical. 
Maur ice Jacob began the t rend, 
quot ing f rom Shakespeare 's Jul ius 
Caesar : 
I come to bury Caesar not to praise him; 
The evil that men do l ives after t hem, 
The good is oft interred wi th their 
bones; 
So let it be with Caesar . 

The ISR's evil w a s the missed 
d iscover ies, the good w a s the f resh 
approach to col l ider phys ics. 

Later, C E R N Director General at the 
t ime Herwig Schopper said 'he had 
come to bury the ISR and to praise it,' 
whi le Weisskopf came 'to praise the 
ISR and leave others to bury if. 

SPACE 
Gravitating towards 
physics 

Fundamenta l Physics in Space 
made its debut on the interna

t ional conference scene this year 
wi th a three-day p rog ramme dur ing 
the biennial C O S P A R space sc ience 
jamboree , held this summer at 
B i rm ingham, UK. 

The parent C O S P A R - Commi t tee 
on Space Research - was estab
l ished by the Internat ional Counci l 
of Scienti f ic Unions ( ICSU) in 1958 
fo l lowing the successfu l internat ional 
cooperat ion in rocket and satel l i te 
research dur ing the 1957-8 Inter
nat ional Geophys ica l Year.' 

After invited introductory ta lks, the 
C O S P A R Fundamenta l Physics in 
Space p rog ramme covered searches 
for gravi tat ional waves and tests of 
the equiva lence principle (the under
lying idea of general relativity that 
inertial mass - the amount of matter 
in a body- and weight - the effect of 
gravi ty - are the same) , together wi th 
an overv iew of NASA 's upcoming 
Gravity Probe B exper iment and a 
survey of possible future studies. 

For Europe, the European Space 
Agency (ESA) has a Fundamenta l 
Phys ics Adv isory Group (FPAG), 
current ly cha i red by Maur ice Jacob of 
C E R N , to comp lemen t its As t ronomy 
and Solar Sys tem Work ing Groups . 

Th is ongo ing effort will surely 
ex tend the growing symbios is 
be tween ast rophys ics , cosmo logy 
and part ic le physics, where the 
historic 1992 cosmic mic rowave 
background results f rom the C O B E 
satel l i te prov ided a first insight into 
the st ructure of the early Universe. 
ESA's C O B R A S / S A M B A project, 
schedu led to go aloft in 2004 , shou ld 
g ive a much needed higher 
resolut ion picture of the cosmic 
m ic rowave background . 

BEAM EXTRACTION 
LEAR and COSY 

Having ingeniously and 
painstak ingly accelerated their 

part ic les, the next task for accelerator 
physic ists is to put them to use. For a 
l inear accelerator , where the beam 
shoots out of the end of the mach ine, 
this is no p rob lem. However more 
ingenui ty is required to remove 

R. Rein hard (centre), secretary of the 
European Space Agency's Fundamental 
Physics Advisory Group (FPAG) and organizer 
of the Fundamental Physics in Space 
symposium at the major COSPAR space 
meeting in Birmingham this summer, seen 
here with J.-P. Blaser (left), former FPAG 
chairman and director of the Swiss PSI 
Laboratory, and (right) F. Everitt of Stanford, 
Principal Investigator of NASA's forthcoming 
Gravity Probe B mission, which had its own 
session at the symposium. At its meeting in 
Birmingham on 21 July, COSPAR Council 
decided to create a new COSPAR Scientific 
Commission (Commission H) on Fundamental 
Physics in Space with Prof. Everitt as Chair
man and Prof. Blaser as Vice Chairman. 
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Ultra-long spills have been achieved at Wolfgang Pauli - scientific legacy 
CERN's LEAR low energy antiproton ring (the 
horizontal scale is in hours). 

|PS209 experiment | 1 

0 2 4 6 8 10 

part ic les f rom a circular mach ine 
where , unless someth ing is done , 
they prefer to remain in their capt ive 
orbi ts. 

For t ransferr ing part ic les f rom one 
mach ine to another, and for s o m e 
exper iments , extract ion is genera l ly 
v ia 'fast extract ion ' dur ing one turn 
(say a hundred nanoseconds) . Th is 
is done by power ing a magnet , 
energ ized be tween two success ive 
bunches to 'kick' the part ic les out. 

However to feed most exper iments , 
a smoother part icle supply is usual ly 
needed . In such 's low extract ion ' , the 
tune of the circulat ing b e a m is shi f ted 
th rough a resonance by vary ing the 
current in a focus ing quadrupo le 
magnet . Not all the part ic les are 
shi f ted at the same t ime, so that the 
b e a m , instead of be ing sudden ly 
b u m p e d , is more smeared towards 
an extractor magnet , and the 
extract ion becomes a 'spi l l ' . 

But for s o m e exper imenta l faci l i t ies, 
such smears of a few seconds are 
too brief, and a more cont inuous 
part icle feed is requi red. In his 
f amous invent ion of 's tochast ic 
cool ing ' , S imon van der Meer had the 
bra inwave of moni tor ing individual 
part icle pulses, ascer ta in ing the 
pulse 's deviat ion f rom an op t imum 
va lue , and apply ing an appropr ia te 
correct ion. In this way an unruly 
b e a m can gradual ly b e c o m e more 
wel l behaved , and the door w a s open 
for ant iprotons to be acce lera ted in 
big synchrot rons. 

For ultra s low extract ion, the prob
lem was the other way round. Instead 
of be ing made more orderly, the 
beam instead had to be made more 
di f fuse. 'Leak ing ' the beam towards a 
resonance ex tends the smear ing and 
lengthens the spi l l . Van der Meer 's 
'stochast ic ext ract ion ' techn ique uses 
a source of electronic noise to sl ightly 
unravel the beam prior to e ject ion. It 
w a s first appl ied at CERN 's LEAR 
low energy ant iproton ring in 1983, 
and has y ie lded extract ion spil ls of up 
to 13 hours. Under such condi t ions, 
one ant iproton leaves the LEAR ring 
every 20 turns. 

A new example of this technique in 
action is now the COSY synchrotron at 
Julich which has achieved 12-second 
spills of 2.75 GeV protons. C O S Y 
uses kickers taken from the LEAR 
design but employs digital rather than 
analogue synthesis for the stochastic 
noise to diffuse the circulating beam. 

HISTORY 
Pauli heritage 

A s wel l as his immediate scienti f ic 
legacy, w h e n Wol fgang Pauli 

d ied on 15 December 1958 he left a 
d ispersed wea l th of scientif ic 
co r respondence . As one of the great 
archi tects of quan tum mechan ics and 
1945 Nobel pr izewinner, his adv ice 
had been sought on many issues. As 
wel l as regular ly exchang ing letters 
wi th the great f igures of the t ime -
Einstein, Bohr and Heisenberg -
many aspir ing young researchers 
asked for, and received Paul i 's 
gu idance and op in ion. Many of these 
young researchers went on to 
become famous in their own right. 
For a f igure w h o earned a reputat ion 
for a r rogance and irascibil i ty, this is 
part icular ly reveal ing. 

Col lect ing this d ispersed corre
spondence , despa tched wel l before 
the era of e lectronic mail and even 
the prepr int b o o m , required a cons id 
erable effort. Mrs. Franca Paul i , 
ass is ted by Char les Enz, Paul i 's last 
assis tant at Zur ich , and wi th the help 
of Victor Weisskopf , w h o had been 
one of Paul i 's first assistants, began 
the work of corre lat ing and admin is 
ter ing this scienti f ic her i tage. Soon 
af terwards Weisskopf became 
C E R N ' s Director Genera l . 

Th rough two formal deeds of gift by 
Franca Paul i , in 1960 and 1 9 7 1 , 
C E R N b e c a m e the official home of 
the Pauli Arch ive . After Franca 
Paul i 's death in 1987, C E R N 
inher i ted the copyr ight on all Paul i 's 
hi therto unpub l ished works and all 
authors ' r ights on Pauli 's scientif ic 
work . C E R N w a s also charged wi th 
the responsibi l i ty of publ ishing his 
scient i f ic co r respondence . 

These affairs are moni tored by the 
Pauli Commi t tee , of wh ich Victor 
We isskop f remains a member , and 
w h o w a s recent ly at C E R N for a 
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meet ing . The other members are 
now Char les Enz (Geneva) , Hans 
Pr imas (ETH Zur ich, Paul i 's long
t ime home and where there is a lso a 
Paul i col lect ion, the 'Paul iana' ) , Karl 
von Meyenn (MPI Munich) and 
C E R N archivist Roswi tha Rahmy, 
whi le Maur ice Jacob, as Cha i rman , 
represents the C E R N Director 
Genera l . The C E R N Pauli Arch ive 's 
W e b URL is h t tp : / /wwwas.cern .ch/ 
ASin fo /AS-SI /arch ives/pau l icom.html 

C E R N and the Pauli commi t tee 
have an agreement wi th G e r m a n 
publ ishers Spr inger for the 
publ icat ion of Pauli 's scienti f ic 
co r respondence - "Wol fgang Paul i , 
Wissenschaf t l icher Br ie fwechsel mit 
Bohr, Einstein, He isenberg u.a./ 
Scienti f ic Cor respondence wi th Bohr, 
Einstein, He isenberg a.o." 

Vo lume 1, publ ished in 1979, and 
edi ted by A. He rmann , K. von 
Meyenn and V. Weisskopf , inc ludes 
242 letters cover ing the per iod 1919-
29. Vo lume 2, publ ished in 1985 and 
edi ted by K. von Meyenn , inc ludes 
364 letters cover ing the per iod 1930-
39, together with some addi t ional 
mater ial f rom the prev ious decade . 
Vo lume 3, publ ished in 1993 and 
edi ted by K. von Meyenn , inc ludes 
486 letters f rom the 1940s. 

Wi th Pauli 's prolific output and 
diversi f icat ion of interests in his later 
years , Vo lume 4, cover ing the 1950s 

will be split into four parts. Now 
publ ished is Part 1 ( ISBN 3 540 
59442 6), edi ted also by K. von 
Meyenn , wi th some 400 letters f rom 
1950-52. 

The letters (typeset, but faithful ly 
reproduced, including grammat ica l 
and spel l ing mistakes - Pauli wrote in 
Engl ish and French as wel l as 
German) in this latest vo lume cover 
the epoch w h e n the new Feynman / 
Schwinger formulat ion of relativistic 
f ield theory w a s in the ascendant . 
Met iculously referenced and cross-
re ferenced, this scholar ly work 
includes s o m e gems of editorial 
comment . Part icularly fascinat ing is 
the cor respondence between Pauli 
and young researchers of the t ime, 
such as F reeman Dyson, Gunnar 
Kal len and C.N. Yang . For many, 
Pauli was cons idered a touchstone of 
w i sdom. 

Pauli is a l ready assured of a p lace 
in history as a great scientist. But as 
a prolif ic commun ica to r and one of 
the century 's great intel lects, Pauli 
p layed other signif icant roles, as yet 
less general ly apprec ia ted. The book 
reveals Paul i 's increasing awareness 
of psycho logy and in part icular his 
interest in d reams, where he careful ly 
ca ta logued his own uncontro l led 
thoughts . Th is has al ready been 
descr ibed in a quarter of a century of 
co r respondence between Pauli and 

Jung ("Wol fgang Pauli & C.G. Jung -
Ein Br ie fwechsel 1932-58", Spr inger 
Ver lag , 1992, wh ich will lead to 
Engl ish, French and Span ish 
edi t ions). 

Paul i 's deep interest in the 
ph i losophy of sc ience led him to wr i te 
his book "Aufsatze und Vor t rage uber 
Physik und Erkenntn is theor ie" 
(V ieweg, 1961), whi le a major art icle 
wi th C.G. Jung is also reveal ing. Wi th 
encou ragemen t f rom the Pauli 
Commi t tee at C E R N , these two 
works are avai lable in Engl ish as 
"W. Paul i , Wr i t ings on Physics and 
Phi losophy" ed i ted by C P . Enz and 
K. von Meyenn (Spr inger 1992). 
French, Span ish and Japanese 
vers ions are a lso in the pipel ine, and 
the Pauli Commi t tee wisely insists 
that these t ranslat ions shou ld be 
based on the G e r m a n or iginals rather 
than tak ing a short cut th rough the 
more readi ly avai lable Engl ish 
t rans lat ion. 

The Pauli Commi t tee at C E R N 
therefore p lays an important role in 
cont inu ing to d isseminate the weal th 
of know ledge about this key scientist, 
w h o cont inued to inf luence physics 
much later than a cursory g lance at 
phys ics history might suggest , whi le 
at the s a m e t ime oversee ing 
publ icat ions wh ich reveal the 
work ings of one of the century 's great 
minds. 

Members of the Pauli Committee at CERN. 
Left to right, Maurice Jacob, Chairman, Hans 
Primas (ETH Zurich), Karl von Meyenn (MPI 
Munich) Victor Weisskopf and Charles Enz 
(Geneva). 
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Around the Laboratories 

CERN 
Another step for LEP 

n mid-August , six weeks after its 
first e lectron-posi t ron col l is ions at 

80.5 GeV per beam on 9 July 
(September , page 15), C E R N ' s 
energy-boosted LEP2 hal ted for 
instal lat ion of more superconduc t ing 
radiof requency cavi t ies. 

After six years s tudy ing e lect ron-
posi t ron annihi lat ions into Zs , the 
electr ical ly neutral carr ier of the w e a k 
nuclear force, these energ ies gave 
the four LEP exper iments - A leph , 
Delphi , L3, and Opal - their f irst look 
at pairs of W part ic les, the electr ical ly 
charged partners of the Zs , break ing 
new physics g round. 

Initial luminosi t ies, a measu re of the 
e lectron-posi t ron col l is ion rate, 
reached a heal thy 3 x 1 0 3 1 per sq c m 
per s, and integrated luminosi ty, a 
measure of the number of col l is ions 
ach ieved, at the new higher energy 
w a s 12 inverse p icobarns, inc luding a 
week of mach ine deve lopment work 
w h e n the physics score s tood sti l l . 
Th is was sl ightly up compa red to the 
cor respond ing operat ing per iods in 
prev ious years , promis ing wel l for the 
future. The highest luminosi ty 
recorded in one day w a s an inverse 
p icobarn, equal l ing earl ier record 
per formance. 

Equ ipped wi th 28 more 
superconduct ing cavi t ies, tak ing its 
comp lemen t f rom 144 to 172, and 
push ing its beam energy cei l ing to 87 
GeV, LEP2 is schedu led for a fur ther 
f ive-week run in Oc tober -November . 

Major item in an extensive upgrade for the H1 
detector at DESY's HERA electron-proton 
collider has been a new 'SPAghetti 
CALorimeter' (SpaCal), seen here in the 
centre of the detector. 

DESY 
Upgrading H1 

The usual evolut ion a part icle physics 
exper iment is increasing interest in 
rarer, more violent interact ions at 
high m o m e n t u m transfer, putt ing the 
stress on detect ion away f rom the 
beam direct ion. 

T h e ever- increasing luminosi ty 
del ivered by DESY 's HERA elect ron-
proton col l ider is a l lowing deep 
inelastic (DIS) probing of the proton 
to take p lace at unprecedented ly high 
m o m e n t u m transfers (Q 2 ) up to 
several tens of thousand G e V 2 . T h e 
proton's structure is thus becoming 
ever better de termined and searches 
for the product ion of new part ic les, as 
wel l as possib le interact ions wh ich 
wou ld reveal quark substructure, are 
being ever ex tended. 

T h e H E R A exper iments are also 
able to ex tend the k inemat ical range 
over wh ich the proton is probed to 
very low x, a var iable which may be 
thought of as the struck quark or 

g luon 's share of the proton m o m e n 
tum. It is in the x region be low 0.001 
that the intr iguing sudden rise in the 
proton st ructure funct ion w a s first 
seen severa l years ago. Subsequen t 
prec is ion measu remen ts have 
at t r ibuted this rise to a s teep increase 
in the proton 's g luon densi ty. If this 
t rend cont inued, interest ing "hot-spot" 
c luster ing propert ies shou ld even tu 
ally be seen . 

Low x inevi tably impl ies low 
m o m e n t u m transfer at high col l is ion 
energy, requir ing accurate detect ion 
of scat tered e lect rons c loser to the 
beam pipe. Th is is a lso the area 
where decay products f rom a "nearly-
rea l " photon wil l be in tercepted, so 
s tud ies of the hadronic structure of 
photons wil l a lso benefi t . These and 
other requ i rements were descr ibed 
last month (September , page 21) in a 
genera l rev iew of p lans for the 
ongo ing H E R A research p rog ramme. 
Current ana lyses are a l ready 
domina ted by systemat ic errors, so 
the major i tem in an extens ive 
upgrade for the major H E R A H1 
detector b e c a m e the construct ion of 
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Two half shells of the H1 Central Silicon 
Tracker, which should reduce the uncertainty 
of a charged track angle measurement to 
below 0.5 mrad. 

a new 'SPAghet t i CALor imeter ' 
(SpaCal) . 0 .5mm and 1 m m d iameter 
scint i l lat ing f ibres e m b e d d e d in 
separate lead matr ices for the 
e lect romagnet ic and hadronic 
sect ions are read out by 1400 mesh 
dynode photomul t ip l iers capab le of 
operat ing in the ambient 1T magnet ic 
f ie ld. Wi th this compac t a r rangement , 
1995 data demons t ra ted the 
expec ted energy resolut ion for 
e lect rons, with mi l l imetre prec is ion. 

The SpaCal has a t ime resolut ion of 
less than 1 ns, important for 
di f ferent iat ing the phys ics s ignal f rom 
large beam- induced backgrounds 
arr iv ing s o m e 9ns earl ier. T h e 
calor imeter covers an angular range 
f rom 30° to wi th in 3° of the e lectron 
b e a m direct ion (cor responding to Q 2 

measuremen ts wel l be low 1 G e V 2 

w h e n "vertex sh i f t ing" techn iques are 
used) . Th is g ives a smoo th br idge to 
the coverage prov ided by the 
recent ly upgraded 4 4 m electron 
tagger and a new dev ice at 8 m 
downs t ream. 

SpaCa l is f ronted by a new 8-layer 
backward drift chamber (BDC) giv ing 
pre-shower detect ion for pho ton / 
e lectron separat ion, and reducing 
necessary shower ing correct ions for 
energy measurements . However its 
main advantage is the cons iderab le 
improvement of t racking in the 
backward (electron) d i rect ion. 

Track ing has also been ex tended 
and improved by the addi t ion of two 
si l icon wafer detectors in the inter
act ion point area. These comb ined 
dev ices can reduce the uncerta inty of 
a charged t rack angle measu remen t 
to be low 0.5 mrad . The central si l icon 
t racker (CST) consists of two con 
centr ic cy l inders, one s ide of wh ich 
w a s a l ready instal led and tes ted in 
1995. The backward si l icon t racker 
(BST) will have eight disc p lanes, 
four of wh ich should be ful ly opera
t ional this year. Eventual ly the si l icon 

detectors wil l sur round a new light
weight carbon f ibre beampipe wh ich 
will further increase t racking capabi l i 
t ies and a l low sophist icated ver tex 
detect ion in heavy f lavour product ion. 

Ano the r reve la t ion at H E R A has 
been the con t r ibu t ion f rom a c lass 
of even ts bear ing all the ha l lmarks 
of ' co lou r less ' e x c h a n g e , w i th the 
p ro ton essent ia l l y rema in ing intact . 
T h e s e are the so -ca l led large 
rap id i t y -gap , or d i f f ract ive, even ts . 
A l t hough the d i f f ract ive f ina l s ta te is 
c lear ly seen in the cent ra l bar re l , 
the g loba l k inemat i c p roper t ies a re 
best d e t e r m i n e d by accu ra te de tec 
t ion c lose to the b e a m , th is t ime in 
the f o rwa rd d i rec t ion . In terest in 
ene rgy depos i t i on in the f o rwa rd 
d i rec t ion has a lso been fue l led by 
new ideas for a l te rna t ive f o rmu la 
t ions of the qua rk -g luon f ie ld theo ry 
equa t i ons . S ince 1995, H1 has 
ope ra ted ' R o m a n Pot ' s ta t ions at 81 
and 9 0 m d o w n s t r e a m of the inter
ac t ion point in the p ro ton d i rec t ion . 
Sc in t i l la t ing f ibre h o d o s c o p e s m a y 
be l owe red to w i th in mi l l imet res of 
the b e a m to m e a s u r e p ro ton 

m o m e n t a to bet ter t han 0 .5%. T w o 
add i t i ona l s ta t ions at 6 3 m and 8 0 m 
are p l a n n e d for next yea r and two 
p lanes of s i l i con pixel dev i ces are 
be ing p r e p a r e d to s u p p l e m e n t the 
9 0 m d o w n s t r e a m de tec to rs . Th is 
wi l l i nc rease the p ro ton ene rgy 
a c c e p t a n c e a n d ex tend m e a s u r e 
m e n t s of t he d i f f rac t ive m e c h a n i s m . 
Th i s yea r wi l l a lso see the f i rst 
ope ra t i on of a f o rwa rd neu t ron 
ca lo r ime te r (FNC) 107m d o w n 
s t r e a m , a lead/sc in t i l la t ing f ibre 
ca lo r ime te r p rov id ing equa l re
s p o n s e for had ron i c and e lec t ro 
magne t i c s h o w e r s . 

So many addi t ions to the H1 detec
tor inevi tably puts a strain on both 
data acquis i t ion and the tr igger. 
Present ly the microprocessor 
equiva lent of severa l hundred IBM 
3090 units take events of 4-5 Mbytes 
of raw informat ion at a level-1 tr igger 
rate of typical ly 50 Hz and reduce 
t hem to about 50 Kbytes at 10 Hz for 
wr i t ing to tape. T h e f lexible 
archi tecture is enabl ing a 1996 
upgrade total l ing the addi t ion of 
s o m e 28 P o w e r P C 604 cards wh ich 
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Curt Ekstrom at the frozen hydrogen pellet 
target system at Uppsala's CELSIUS ring. 

shou ld signif icant ly reduce overal l 
dead- t ime. 

HERA 's 96 ns bunch cross ing t ime 
is only a factor of four away f rom that 
p lanned for CERN 's LHC proton 
coll ider. The level-1 p ipel ined tr igger 
has some 2.2 mic roseconds for its 
dec is ion, and was previously fed 
direct ly into an on- l ine sof tware 
tr igger. The central t r igger sys tem 
has been supp lemented wi th an 
in termediate level-2 t r igger wh ich 
present ly has two parts, one 
exploi t ing preselected topologica l 
aspects of the events , and the other 
consist ing of several paral lel neural 
networks, each opt imized for a 
specif ic c lass of react ions. 

T h e upgraded detector wil l be in a 
good posit ion to exploit the improved 
and ex tended physics possibi l i t ies 
prov ided by HERA. 

From Graham Thompson, Queen 
Mary Westfield College, London 

UPPSALA 
Pelting pellets 

A col laborat ion be tween Sweden ' s 
Uppsa la Universi ty and the 

Japanese KEK laboratory c a m e to 
fruit ion in August w h e n a thin wa l led 
superconduct ing so lenoid magne t 
w a s del ivered to Uppsa la 's T h e 
Svedberg Laboratory. 

The solenoid is a vital part of the 
W ide Angle Shower Appara tus , 
W A S A , wh ich will make precis ion 
measurements of unstable mesons 
(neutral p ions and etas). It w a s 
deve loped wi th suppor t f rom the 
Japanese Ministry of Educat ion , 
Monbusho , and the N ippon Kokan 
Company . 

T h e W A S A detector is being as
semb led at the The Svedberg Labo
ratory's C E L S I U S (Cool ing wi th 
ELect rons and Stor ing of Ions f rom 
the Uppsa la Synchrocyclot ron) 
s torage r ing. About 70 researchers 
f rom Germany , Japan , Poland, 
Russia and Sweden are involved. 

The magnets of the CELS IUS ring 
have an i l lustrious history, start ing life 
in the classic muon anomalous 
magnet ic momen t exper iment at 
C E R N in the 1970s before being 
used in p ioneer ing cool ing studies 
and finally being sh ipped to Uppsa la 
in 1983. 

W A S A will use a novel target 
sys tem deve loped at Uppsala wi th 
suppor t f rom the Wal lenberg 
Foundat ion . The new target 
ach ieves high luminosity by replacing 
a tradi t ional gas jet wi th a s t ream of 
sol id pel lets - 0.03 mm-d iameter 
micro-spheres of f rozen hydrogen, 
injected vert ical ly into the proton 

The new superconducting solenoid for the The 
Svedberg Laboratory's WASA detector shortly 
after its arrival in Uppsala in August. 

beam at a rate of about 7 thousand 
pel lets per second travel l ing at 60 
metres per second . 

The pel lets are fo rmed by breaking 
up a l iquid hydrogen jet into droplets 
at the tempera tu re and pressure 
where sol id , l iquid, and vapour 
coexist in equi l ibr ium and inject ing 
these droplets tnto a v a c u u m . 
Mesons are p roduced when the 1360 
MeV C E L S I U S proton beam col l ides 
wi th the f rozen pel lets. 

T h e new so leno id provides the 
magnet ic f ield for m o m e n t u m 
measu remen ts of the emerg ing 
charged part ic les. It is made in a 
split coil conf igurat ion wi th 40 m m 
separat ion be tween the two wind ings 
a l lowing the s t ream of f rozen 
hydrogen pel lets to pass. Each 
w ind ing consis ts of four layers of 
superconduc t ing wire w o u n d on the 
inside of an a lumin ium bobbin . The 
total coil th ickness is 9 m m , or 0.18 
radiat ion lengths, wi th a length and 
d iameter about 50 cm and cold mass 
of 20 kg. T h e central magnet ic f lux 
densi ty is 1.3 Tes la at a current of 
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People and things 

875 A. The interact ion be tween 
protons and pel lets w a s tes ted for the 
first t ime in Apr i l . Further tests are 
under way to opt imize the sys tem for 
W A S A exper iments , schedu led to 
start in the au tumn of 1998. 

Books received 

Thermal Field Theory, by Michel Le 
Bellac, Cambridge University Press, 
ISBN 0 521 46040 9 (hbk) £45 

This treat ise in the ser ies of 
Cambr idge Monographs on 
Mathemat ica l Physics covers thermal 
effects in relativistic thermal f ield 
theory, looking into the impl icat ions 
of quan tum ch romodynamics for 
col l is ions of high energy nuclear 
beams, and for ast rophys ics and 
cosmology . 

Doing Physics - How Physicists Take 
Hold of the World, by Martin H. 
Krieger, Indiana University Press, 
ISBN 0 253 33123 4 (hbk) 0 253 
20701 0 (pbk) 

A useful explanat ion of the w a y 
physic ists do physics and try to make 
sense of the wor ld . Wi th key phys ics 
a rguments not a lways as t ransparent 
as they could be, such a pr imer 
provides a useful br idge. 

ICTP medals 

The prestigious Dirac Prize of the 
International Centre for Theoretical 
Physics (ICTP, Trieste, Italy) is 
awarded this year to Tullio Regge 
(Politecnico di Torino) and Martin us 
Veltman (University of Michigan). 

Tullio Regge is honoured "for 
crucial contributions in theoretical 
and mathematical physics starting 
with his seminal investigation of the 
asymptotic behaviour of potential 
scattering processes through the 
analytic continuation of the angular 
momentum to the complex plane. 
This technique has found many 
applications in the study of differen
tial equations while in the physics of 
the Strong Interactions, the so-called 
Regge trajectories have helped in the 
classification of particles and 
resonances by grouping together 
entities with different spin. The so-
called Regge behaviour was, and still 
is, an important ingredient in the 
construction of String theories. In 
addition, Regge is also known for 
having introduced the first 
discretisation of space-time with a 
simple Einstein dynamics (the so-
called Regge Calculus) and for its 
formulation of supergravity theories 
in the geometric language of differen
tial forms". 

Martinus Veltman is honoured "for 
his pioneering investigations on the 
renormalizability of gauge theories 
and consequently, his analysis of the 
sensitivity of radiative corrections to 
both the mass differences in fermion 
doublets and the Higgs particle 
mass. These calculations provided 
the basic prediction in the search for 
the top quark mass. Towards this 
goal, Veltman was one of the first to 
use the computer in Feynman dia
gram calculations. His software 
package for manipulations of alge

braic symbols has been a privileged 
tool for a full generation of physicists". 

Instituted in 1985, the Dirac Medals 
are awarded annually for contri
butions to theoretical physics and 
mathematics, the announcement 
traditionally being made on P.A.M. 
Dime's birthday - 8 August. The Dirac 
Medals are not awarded to Nobel Prize 
or Wolf Foundation Prize winners. 

Adolf Minten retires 

This summer marked the formal 
retirement from CERN of Adolf 
Minten. A member of Wolfgang 
Paul's low energy but highly prolific 
group at Bonn in the 1950s, he joined 
CERN in 1962. After a sabbatical at 
SLAC during the momentous years 
of electron scattering experiments in 
1966-67 he returned to CERN, where 
he was a pioneer of large electronic 
detectors, becoming leader, with 
Georges Charpak, of the Split Field 
Magnet group at the Intersecting 
Storage Rings. In 1976 he became 
the dynamic and popular leader of 
the newly formed Experimental 
Physics Facilities (EF) Division, 
remaining until 1984. After a second 
stay at SLAC he joined the Aleph 
collaboration at LEP in 1987. 

Ron Newport retires 

Recently retired is Ron Newport, 
Head of the UK Daresbury 
Laboratory. Graduating from 
Liverpool in 1955, he began a long 
career in bubble chamber work at 
CERN, the UK Rutherford Laboratory 
and at Berkeley. In the preparations 
for the experimental programme at 
CERN's SPS proton synchrotron, he 
led the design of the rapid cycling 
bubble chamber at the heart of the 
big European Hybrid Spectrometer. 
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NFR Naturvetenskapliga forskningsradet 
Swedish Natural Science Research Council 

invites applications for 

SENIOR RESEARCH POSITION in 
Experimental Particle Physics at ATLAS 

The Council's intention in creating these positions is to con
tribute to the recruitment of researchers and to the renewal of 
research in Sweden. The programme is aimed primarily at 
scientists with a doctorate and several years of post-graduate 
research. The positions are held for three plus three years and 
are placed at appropriate university departments in Sweden 
to be chosen in consultation between the candidates, NFR 
and the universities. The universities decide on tenure. Duties 
can commence from July 1, 1997. The salary range will 
correspond to that of an assistant/associate professor (SEK 
300 000-360 000 per year, i.e. USD 46 000-55 000 per year). 
A curriculum vitae including a list of publications, a short 
research plan plus a description of scientific achievements 
(max. 5 pages), and a maximum of 10 reprints of scientific 
papers should be appended. Other documents which the 
applicant wants to refer to could also be included. Four copies 
of the application and all appendixes and reprints should be 
submitted. 
Applications should reach the Swedish Natural Science 
Research Council, Box 7142, S-103 87 Stockholm, Sweden, 
by December 1, 1996. 
Further information can be obtained from Ms Natalie Lunin 
at the Secretariat of NFR, phone no +46 8 454 42 32, 
fax no +46 8 454 42 50. 

U n i v e r s i t y o f 

O x f o r d 
Department of Physics 

Research Officer in Experimental Particle Physics 
Applications are invited for the above post from experimental particle physicists, 
preferably with some years of postdoctoral experience in research. The Research Officer 
position is a fixed-term academic appointment with the same salary and conditions as 
a University Lecturer, but with a limited teaching load. Oxford has the largest particle 
physics group in the UK, with a wide-ranging and very active research programme. This 
includes the DELPHI experiment at LEP (CERN), the ZEUS experiment at HERA (DESY), 
the SOUDAN 2 and MINOS experiments (USA), the Sudbury Neutrino Observatory (SNO) 
project (Canada), the development of cryogenic detectors and the CRESST experiment 
(Gran Sasso), plus the development of the ATLAS and LHC-B experiments in high-energy 
$pp$ physics. 

The successful applicant would be expected to participate in the above programme and 
contribute to the teaching activities of the Department. Preference may be given to 
candidates wishing to participate in one of the new projects (MINOS, CRESST, ATLAS or 
LHC-B). An appointment will be made as soon as possible and would be for three years in 
the first instance, with the possibility of extension for a further two, on the University 
Lecturer scale (£15,154 - £28,215 p.a.). Further particulars, including details of duties and 
range of emoluments, may be obtained from the Deputy Administrator, Nuclear & 
Astrophysics Laboratory, Keble Road, Oxford 0X1 3RH (E-mail: 
P.Dobbsl @phys ics.oxford.ac.uk). 

Letters of application, supported by a full curriculum vitae, list of publications, 
a statement of research interests and teaching experience plus the names of three 
referees, should be sent to the Deputy Administrator, Mr P.F. Dobbs, at the above 
address to arrive no later than 15 November 1996. The referees should be asked to 
send references directly to Dr G. Myatt, acting Head of Particle & Nuclear Physics, 
at the same address to arrive by the closing date. 

It is expected that the short-listed candidates will be interviewed in Oxford in 
December 1996. Applicants are asked to indicate an E-mail address, and a fax or 
telephone number where they can be contacted. 

The University is an Equal Opportunities Employer. 

EXPERIMENTAL 
ULTRA HIGH ENERGY 
COSMIC RAY PHYSICS 

The Physics Department at the University of 
Utah is seeking highly qualified candidates for an 
assistant or associate professor tenure track 
position in experimental ultra high energy cosmic 
ray physics. We seek candidates with strong 
commitments to both teaching and research. 
Successful candidates will be expected to 
participate in the work of the High Resolution Fly's 
Eye Ultra High Energy Cosmic Ray observatory 
and allied efforts and to teach undergraduate and 
graduate courses in Physics. 

Candidates should submit their curriculum 
vitae, list of publications and three letters of 
recommendation by March 15, 1997 to: 

C O S M I C R A Y F A C U L T Y R E S E A R C H C O M M I T T E E 
D e p a r t m e n t o f P h y s i c s 

2 0 1 J a m e s F l e t c h e r B l d g . 
U n i v e r s i t y o f U t a h 

S a l t L a k e C i t y , U T 84112 

The University of Utah is an Affirmative Action 
Equal Opportunity Employer. It encourages 
applications from women and minorities and pro
vides reasonable accommodations to the known 
disabilities of applicants and employees. 

HIGH VOLTAGE 
POWER SUPPLIES 
Ultra-Compact TC Series 

Output 1kV-2kV 1.5W 
• Ultra-compact, PCB mountable 

• Low ripple 

• Low Noise 

• Well-regulated, high performance 

Rack-Mount Package 
Au Series Output 1kV-120kV 30W-1.2kW 

• ;A 1 50.0., EJDQ& Q Q 

6 6 

aMe MATSUSADA Precision Inc. 
Head Office 745 Aojicho Kusatsu 525 Japan J e | . + g 1 _ 7 7 ^ ^ F a x . + Q J { _^ 1 2 

Tel : +1-415-917-7050 Fax : +1-415-949-1217 

4991691 Fax : +49-89-403602 

American Office 2570 El Camino Real. 
Mountain View, CA 94040 USA 

European Office Rosenheimerstr. 145a, j e j . +^q.^ 
81671 Munchen Germany 
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P e o p l e a n d t h i n g s 

First components are coming together for the 
huge 7,000-tonne ATLAS detector at CERN's 
future LHC proton-proton collider. Seen here is 
the first full-size prototype module of the 64 
21-tonne azimuthal wedges for the central 
barrel of the ATLAS scintillating tile hadronic 
calorimeter. For these modules, components 
produced in several centres are assembled at 
the Joint Institute for Nuclear Research (JINR), 
Dubna, near Moscow. The 64 large modules 
will be complemented by 128 modules one-
half the size for the outer barrels of the 
calorimeter, which will be assembled at IFAE 
Barcelona and at Argonne in the US. 
(Photo CERN 4.7.96/7) 

In 1981 he turned to the design of a 
major new UK astronomy telescope, 
going on to senior positions in the UK 
Science and Engineering Research 
Council, and being appointed as 
Chairman of the European 
Synchrotron Radiation Facility 
Council in 1993. In 1994, he took 
over from Alan Leadbetter as 
Daresbury Laboratory Head. 

Alexander Hocker 1912-1996 

One of the main architects of the 
reconstruction of post-war German 
scientific research, Alexander 
Hocker, died on 7 August. As Deputy 
Director of the Deutsche Forschungs-
gemeinschaft in the early 1950s, he, 
with Werner Heisenberg, represented 
Germany in the early meetings which 

led to the establishment of CERN. As 
a staunch advocate of European 
collaboration, he played a vital role in 
ensuring Germany's participation in 
CERN. A long-time member of CERN 
Council, he also served as Chairman 
of CERN's Finance Committee in 
1961. As well as his work for CERN, 
he was also influential in the estab
lishment of major German research 
centres, including DESYand 
Garching. From 1961 he was Admin
istrative Director of the Julich labora
tory, while from 1965-67 he was also 
President of the European Space 
Research Organization (ESRO). 

Siegfried A. Wouthuysen 1916-1996 

Distinguished Dutch theorist 
Siegfried A. Wouthuysen died on 9 
July. 

Born in Amsterdam, he moved with 
his family to Antwerp in Belgium and 
studied chemical engineering at 
Ghent. Returning to the Netherlands, 

Siegfried A. Wouthuysen 1916-1996 
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FACULTY POSITION 
IN THEORETICAL 

INTERMEDIATE-ENERGY PHYSICS 
Indiana University 

The Department of Physics of Indiana University is 
searching for a new faculty member in theoretical 
physics, with interests in the area of intersection 
between nuclear and particle physics. The appointment 
is at the tenure-track, assistant professor level, although 
exceptional candidates seeking tenured positions will 
be considered. The expected starting date is the fall of 
1997, pending funding. We seek candidates with a 
strong commitment to teaching and research. The new 
faculty member will be part of the Indiana University 
Nuclear Theory Center and will be expected to interact 
strongly with the department's experimental groups 
in nuclear and particle physics. Indiana University is 
a major research institution; the Department of Physics 
has strong programs in theoretical and experimental 
nuclear, particle and condensed-matter physics, in 
high-energy astrophysics, and in accelerator physics. 
Indiana University is an Affirmative Action/Equal 
Opportunity Employer. Send applications by December 
13,1996 to Prof. M. H. Macfarlane, Search Committee, 
Depar tment of Phys ics , Indiana Universi ty, 
Bloomington, Indiana, 47405 

MIT 
Facul ty Posit ion 

The Physics Department of the Massachusetts Institute of 
Technology invites applications for a tenure track position at 
the Assistant Professor level in the area of experimental 
high energy physics. 

Physicists at MIT currently pursue e+e- physics at CERN 
(L3 detector) and SLAC (SLD detector), and p+p- physics at 
Fermilab (CDF detector). They are also preparing for LHC 
(CMS and Atlas detectors), PEP II (BABAR detector), and a 
search for antimatter in space (AMS). 

These programs would welcome new members, but candi
dates with other research interests will also be considered. 
We are seeking, in particular, candidates whose long-term 
interests include involvement in the high energy frontier at 
LHC. 

Applicants should submit a curriculum vitae and publication 
list, and arrange for three letters of recommendation to 
be sent to: Professor Wit Busza, Chairman, Search 
Committee, 24-510, Massachusetts Institute of 
Technology, 77 Massachusetts Avenue, Cambridge, MA 
02139-4307. Qualified women and minorities are encour
aged to apply. 

Massachusetts Institute of Technology 
An Equal Opportunity/Affirmative Action Employer 

Non-Smoking Environment 

FACULTY POSITIONS 
IN PHYSICS 

Univers i ty of California, Berkeley 

The Physics Department of the University of 
California, Berkeley intends to make at least 
two faculty appointments effective July 1, 
1997. Candidates from all fields of physics are 
encouraged to apply. Appointments at both 
tenure-track assistant professor and tenured 
levels will be considered. 

Please send a curriculum vitae, bibliography, 
statement of research interests, and a list of 
references to Professor Roger W. Falcone, 
Chairman, Department jof Physics, 366 
LeConte Hall #7300, University of Califor
nia, Berkeley, CA 94720-7300, by Monday, 
November 25,1996. E-mail applications will 
not be accepted. Applications submitted after 
the deadline will not be considered. The Uni
versity of California is an Equal Opportunity, 
Affirmative Action Employer. 

DESY is one of the leading German 
laboratories in high energy physics 
and synchrotron radiation research. 

In the framework of an international collaboration, DESY 
is developing a Free Electron Laser for wavelengths far 
below the visible. The project is based on the super
conducting TESLA Test Accelerator Facility (TTF), which 
provides the technological basis for a future high-energy 
electron-positron linear collider. 
A key contribution to the success of this free electron laser 
will be a number of advanced electron beam diagnostics 
components. DESY has an opening for a 

Postdoctoral Position 
in this field. The successful candidate will be responsible 
for both coordination of work being already under way and 
construction of components to be designed by him/herself. 
The contract will be limited to 3 years. The salary will be 
according to the German civil services Ha MTV 
Angestellte. 
Post-Docs who have experience in this field and are 
younger than 32 years, please send their letter of appli
cation and three names of referees before November 8th 
to: 

DESY Personalabteilung 
NotkestraBe 85 D-22603 Hamburg 

Tel.: 49-40-8998-3617 
Fax: 49-40-8994-4305 

Handicapped applicants will be given preference to other 
applicants with the same qualification. Women are especially 
encouraged to apply for this position. 
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P e o p l e a n d t h i n g s 

Visiting CERN at the end of September was 
UK Institute of Physics Chief Executive Alun 
Jones (right), seen here at CERN's LEAR Low 
Energy Antiproton Ring with Rolf Landua. 

his theoretical physics studies with 
H.A. Kramers were interrupted by the 
war. Continuing physics as best he 
could, he managed to communicate 
to Kramers a curious property of 
analytically-continued quantum 
amplitudes showing poles, which he 
interpreted as bound states. After the 
war, he followed Kramers' advice and 
went to Berkeley for a PhD with 
J. Robert Oppenheimer, subse
quently moving to Princeton in 
Oppenheimer's wake. However his 
thesis had to be presented in 
Berkeley, and an overland car trip 
with Lesley Foldy resulted in the 
famous Foldy-Wouthuysen trans
formation. 

Despite this success in the US, 
Wouthuysen preferred to continue his 
career in the Netherlands, where he 
established a school of Theoretical 
Physics in Amsterdam in 1950. He 
realized very early the importance of 
CERN, where he served as a 
national delegate from 1961-79 and 
was a member of the Scientific Policy 
Committee from 1963-74. He was a 
member of the Belgian Academy of 
Sciences and doctor honoris causa 
at Ghent. His colleagues and 
numerous students ensure that his 
memory remains alive. 

Sir Nevill Mott 1905-96 

Sir Nevill Mott, who shared the 1977 
Nobel Prize with Philip Anderson and 
John Van Vleck for work on semicon
ductors, died in August. With parents 
who had worked at Cambridge's 
Cavendish Laboratory under J.J. 
Thomson, Mott was highly physics 
motivated, and after initial theoretical 
work at Cambridge in the 1920s went 
on to work with Bohr at Copenhagen 
and Bragg in Manchester. Returning 
to Cambridge in 1930, he made his 
classic contributions to the interac
tions of charged particles - Mott 
scattering. As professor of theoretical 
physics at Bristol from 1933, he 
concentrated on the use of quantum 
mechanics to explain semiconductor 
properties. In 1954, he became 
Cavendish Professor at Cambridge, 
succeeding W.L Bragg, and formally 
retired in 1971, although he contin
ued to be active, having most re
cently proposed a theory of high 
temperature superconductivity. As 
prolific writer, he was the author of 
several standard works. 

External 
correspondents 

Argonne National Laboratory, (USA) 
D. Ayres 

Brookhaven, National Laboratory, (USA) 
P. Yamin 

CEBAF Laboratory, (USA) 
S. Corneliussen 

Cornell University, (USA) 
D. G. Cassel 

DESY Laboratory, (Germany) 
P. Waloschek 

Fermi National Accelerator Laboratory, 
(USA) 

Judy Jackson 

GSI Darmstadt, (Germany) 
G. Siegert 

INFN, (Italy) 
A. Pascolini 

IHEP, Beijing, (China) 
Qi Nading 

JINR Dubna, (Russia) 
B. Starchenko 

KEK National Laboratory, (Japan) 
S. Iwata 

Lawrence Berkeley Laboratory, (USA) 
B. Feinberg 

Los Alamos National Laboratory, (USA) 
C. Hoffmann 

Novosibirsk Institute, (Russia) 
S. Eidelman 

Orsay Laboratory, (France) 
Anne-Marie Lutz 

PSI Laboratory, (Switzerland) 
P.-R. Kettle 

Rutherford Appleton Laboratory, (UK) 
Jacky Hutchinson 

Saclay Laboratory, (France) 
Elisabeth Locci 

IHEP, Serpukhov, (Russia) 
Yu. Ryabov 

Stanford Linear Accelerator Center, (USA) 
M. Riordan 

TRIUMF Laboratory, (Canada) 
M. K. Craddock 
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Hinter einem erfolgreichen 
Wirtschaftsprodukt... 

SCIENTISTS 
j The STAR group in the Physics Department at Brookhaven 
I National Laboratory has the following positions available for 
| Ph.D. scientists with several years experience in high energy or 
I relativistic heavy ion physics. 

i 1) A scientist to develop and maintain the GEANT infrastructure ! 
i for STAR as well as relational databases and the corresponding I 
I interfaces required for other elements of the STAR software I 
framework (simulation, event reconstruction, and on-line/off- j 
line production software). 
2) A scientist to develop and implement the software infrastruc- ! 
ture for the STAR off-line data processing system and manage j 
the STAR production software development. The success full 
candidate should have a working knowledge of UNIX operat- i 
ing systems as implemented on various platforms such as SGI! 
(IRIX), IBM (AIX) and SUN (Solaris). Proficiency with scripting I 
languages and with the C programming language is preferred. \ 
Responsibilities will include infrastructure support for the i 
STAR analysis framework and the corresponding interface to \ 
CERN library software. 

3) A scientist to assume the position of Project Leader for On- \ 
line Software, who will be responsible for the design, develop- \ 
ment, and implementation of the on-line computing system for ij 
STAR. This person will lead a large collaborative software effort j 
which will be closely coordinated with the Project Leaders for { 
other STAR hardware and software efforts. A thorough knowl- j! 
edge of on-line system software techniques for modern physics I 
detectors is essential. 

STAR is a large collider detector experiment to search for a new I 
state of matter thought to have existed shortly after the creation \ 
of the universe. Candidates should send a curriculum vitae with \ 
names of three references to: Dr. Timothy Hallman, Physics I 
Department, Bldg. 510A, Brookhaven National Laboratory, I 
Associated Universities, Inc., Upton, New York, 11973-5000. \ 
Equal Opportunity Employer M/F/D/V. 

ai l ! 
BROOKHAVEN NATIONAL LABORATORY 
ASSOCIATED UNIVCRSITIES, INC, 

Physics Institute, 
The Academia Sinica, Taiwan 

Postdoctoral Research Associate Positions 
in Experimental Particle Physics 

The Experimental Particle Physics Group at the Physics Institute of 
the Academia Sinica in Taiwan invites applications to the available 
Postdoctoral Research Associate positions for further 
strenghtening its program. 

The group is involved in the CDF and Hyperon-CP experiments 
at Fermilab, the AMS project on the International Space Station 
Alpha, and is starting programs in Neutrino Physics towards long 
baseline experiments with reactor neutrinos, as well as Detector 
Development in Medical Physics. Preference for the immediate 
positions is on the Neutrino and AMS programs, while new 
openings for other areas are expected soon. Successful applicants 
will be able to work with an expanding group in a growing field in 
Taiwan, with much challenges and potentials for future growth. 

Interested candidates please submit their curriculum vitae, 
statement of research interest, as well as the names and 
addresses of three professional referees, to 

Prof. S.C. Lee, 
Physics Institute 
The Academia Sinica 
Nankang, Taipei 
Taiwan, R.O.C. 

E-mail enquiry can be made to search@hep2.phys.sinica.edu.tw. 
Applications will be reviewed until the available positions are filled. 
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P e o p l e a n d t h i n g s 

PAC'97 

The 17th Particle Accelerator Confer
ence (PAC'97) will be held May 12-
16, 1997, in the Hotel Vancouver, 
Vancouver, B.C., Canada. The 
conference is held under the aus
pices of the APS and IEEE, and is 
being organized by TRIUMF and the 
University of Maryland. Abstracts are 
due 10 January 1997 at APS Head
quarters. 

For further information, contact Elly 
Driessen, TRIUMF, 4004 Wesbrook 
Mall, Vancouver, B.C., V6T2A3, tel: 
(604) 222-7352, fax (604) 222-1074, 
e-mail: pac97@triumf.ca or visit the 
Web site: http://www.triumf.ca/ 
pac97.html 

The European School of High Energy Physics, 
held this year from 1-14 September at Carry-
le-Rouet, near Marseilles, France, brought 
together 130 students from 30 nations. 

CERN Courier 
contributions 
The Editor welcomes contribu
tions. These should be sent via 
electronic mail to 
cern.courier@cern.ch 

Plain text (ASCII) is preferred. 
Illustrations should follow by 
mail (CERN Courier, 1211 
Geneva 23, Switzerland). 

Contributors, particularly 
conference organizers, con
templating lengthy efforts 
(more than about 500 words) 
should contact the Editor (by 
e-mail, or fax +41 22 782 1906) 
beforehand. 

28 CERN Courier, October 1996 

mailto:pac97@triumf.ca
http://www.triumf.ca/
mailto:cern.courier@cern.ch


...steckt unsere wirtschaftliche 
Prozesssteuerung. 

Der wirtschaftliche Erfolg hangt oft vom effizienten 

Einsatz der verfugbaren Produktionsmittel ab. Ob Gross-

industrie oder Kleinbetrieb, Sie miissen Ihre Konkur-

im Automatisierungs-System von Advant ( ( )OCS. Damit 

haben Sie auf nur 8,4 x 16,2 x 12,2 cm Ihren grossen 

Nutzen: Sie programmieren schneller. Und Sie arbeiten 

renzfahigkeit sichern und steigern. Deshalb gibt es jetzt eine einfache umweltgerechter, produktiver und qualitativ besser. Von Advant w OCS 

Losung, die das ermoglicht. Die noch mehr leistet. Und die noch weni- sind iibrigens viele Unternehmen begeistert, vermutlich bald auch Sie. 

ger kostet: Den neuen Advant® Controller 70, die kleine Prozessstation 

Advant®OCS. Das Automatisierungs-System. 
Fiir alles offen. Fiir immer besser. 

Mehr zu AdvanfOCS bei ABB Industrie AG • 5401 Baden-Dattwil • Telefon: 056 /486 71 96 • Telefax: 056 7486 73 73 

FEATURES 

X-RAY DETECTOR 
^ \ 200 eV RESOLUTION 

1§k V Technology Breakthrough 

XR-100T 

All Solid State Design / No More Liquid Nitrogen ! 
Si-PIN Photodiode 
Peltier Cooler 
Cooled FET 
Amptek A250 Preamp 
Temperature Monitor 
Beryllium Window 
Hermetic Package (TO-8) 
PX2T Amplifier and Power Supply 
Optional CZT Detector 

APPLICATIONS 
X-Ray Fluorescence 
Medical X-Ray Detectors 
X-Ray Lithography 
Portable X-Ray Instruments 
X-Ray Teaching & Research 
Mossbauer Spectrometers 
X-Ray Space and Astronomy 
Environmental Monitoring 
Nuclear Plant Monitoring 
Toxic Dump Site Monitoring 
PIXE 
Model XR-100T is a new high performance X-Ray Detector, Preamplifier, 
and Cooler system using a Si-PIN Photodiode as an X-Ray detector 
mounted on a thermoelectric cooler. On the cooler are also mounted the 
input FET and the feedback components to the Amptek A250 charge 
sensitive preamp. The internal components are kept at approximately -
30°C, and can be monitored by a temperature sensitive integrated circuit. 
The hermetic TO-8 package of the detector has a light tight, vacuum tight 
1 mil (25 urn) Beryllium window to permit soft X-Ray detection. 
Power to the XR-100T is provided by the PX2T Power Supply. The PX2T 
is AC powered and also includes a spectroscopy grade Shaping Amplifier. 
The XR-100T/PX2T system ensures quick, reliable operation in less than 
one minute from power turn-on. A -m / i n T T ' i / 

A M r 1 L K INC. 6 De Angelo Drive, Bedford, MA 01730-2204 U.S.A. 
Tel: +1 (617)275-2242 Fax: +1 (617)275-3470 e-mail, sales@amptek.com WWW: http://www.amptek.com 
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The system resolution with a test pulser and the detector connected is 200 
eV FWHM. The resolution for the 5.9 keV peak of 5 5 F e is 250 eV FWHM. 
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EYES ARE WVITING 
HAMAMATSU 20 Inch photomultiplier tubes are watching "Neutrino" and/or "a moment of Proton decay 

in the huge water tank located 1000 meter below the ground surface. 
The observation result from this Super Kamiokande experiment will attract an attention from the world 

for its consequence and progress for particle physics and astrophysics. 
Since this April, 1996, 11,200 eyes are waiting for the moment. 

HAMAMATSU PHOTONICS K.K., Electron Tube Center 
314-5 Shimokanzo, Toyooka-village, Iwata-gun, Shizuoka-ken, 438-01 Japan. TEL:81-539-62-5248 FAX:81 -539-62-2205 TLX:4289-625 

United Kingdom: Hamamatsu Photonics UK Limited. TEL:(44)181-367-3560 FAX:(44)181-367-6384 
North Europe: Hamamatsu Photonics Norden AB. TEL:(46)8-703-29-50 FAX:(46)8-750-58-95 

Italy: Hamamatsu Photonics Italia S.R.L. TEL:(39)2-935 81 733 FAX:(39) 2-935 81 741 
Spain: Hamamatsu Photonics Espana S.L. TEL:(34)3-582 44 30 FAX:(34)3-582 44 31 

U.S.A.: Hamamatsu Corporation. TEL:(1)908-231-0960 FAX:(1)908-231-1218 
Germany: Hamamatsu Photonics DeutschlandGmbH. TEL:(49)8152-3750 FAX:(49)8152-2658 
France: Hamamatsu Photonics France S.A.R.L. TEL:(33)1 69 53 71 00 FAX:(33)1 69 53 71 10 

Switzerland: CERN Liaison Office TEL:(41)31/879 13 33 FAX: (41)31/879 18 74 




