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With the addition of MidiVac to our series 
of ion pump controllers, Varian now 
offers more choice and flexibility than 
ever before. Designed to power any size 
and type of ion pump, MidiVac features 
single- or dual-voltage outputs for 
simultaneous control of two ion pumps. 
With the latest in design features, it can 
be interfaced with a computer. Yet, it is 
simple and easy to operate. 

Now you can select just the right 
controller to fit your specific application 
whether it is the low-cost MiniVac, 
the ultra-versatile MultiVac, or the new 
MidiVac. 

Varian also offers the broadest range 
of ion pumps available. With Diode, 
Noble Diode, and StarCell pumping 
elements, each Varian Vaclon Plus pump 
is optimized to pump specific gases. 

Look to Varian for vacuum made simple. 
Whatever your pumping needs, our 
Vaclon pumps and controllers offer a 
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Cover photograph: Infrastructure of the new neutrino experiment at a 

recently commissioned nuclear power station near the village of Chooz 

(pronounced 'Shau') in the Ardennes region of France. Its results have 

been awaited with great interest by physicists trying to explain the apparent 

deficit of muon neutrinos produced by cosmic ray interactions in the 

atmosphere (see page 5). 
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Superconducting Accelerator Magnets is an 
interactive multimedia tutorial on the physics 
and engineering concepts of superconducting 
magnets for high energy and nuclear physics 
accelerators. 

The tutorial content is based on research and 
development results of the past ten years from 
the major international accelerator 
laboratories. Material is also derived from 
major accelerator and magnet conference 
proceedings, publications from the institutions 
involved in magnet R&D, and contributions by 
individual engineers and scientists. 

The material is organized into five 
comprehensive units. The first three are 
available now and contain about twelve hours 
of instructional material. 

Unit 1 : Introduction to Magnets and 
Accelerators 

Unit 2: Superconductors for Accelerator 
Magnets 

Unit 3: Magnetic Design Methods for 
Accelerator Magnets 

Available soon: 
Unit 4: Electrical, Mechanical, and Cryogenic 
Considerations for the Final Magnet Package 
Unit 5: Performance Characteristics and 
Measurement Methods 

Among the topics included on the CD-ROM 
are: 
• Details of existing accelerator dipoles : 

RHIC, Tevatron, SSC, HERA 
• Assembly and construction of 

accelerator magnets, with video clips 
and animation. 

Current status of development of 
superconducting materials for magnets. 
Interactive retrieval of properties of 
materials used in magnet construction 
such as JC(B,T), p(B,T), thermal 
contraction data. 
Magnetic design optimization using an 
interactive program for computing fields 
and multipoles. 

CD-ROM for Windows 95/NT 
Units 1,2 and 3 only. 
Price: $300 (U.S. funds) + shipping 
charges. 

Order information and examples at: 
www.MJB-Plus.com 
or contact: 

M J B Plus, Inc. 
119 Executive Way, #304 
DeSoto, TX 75115 USA 
telephone: 972-709-5127 
Fax: 972-709-7561 
email: mjb1@airmail.net 
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You need a Zero-flux™. 
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US contributions to the LHC 

n a signif icant internat ional 
agreement , s igned in the ' Indian 

Treaty Room 5 of the Old Execut ive 
Off ice Bui lding in Wash ing ton , DC, 
on 8 December , US scient ists will 
contr ibute a total of $531 mil l ion 
towards the 27-k i lometre Large 
Hadron Col l ider (LHC) now under 
construct ion and its physics 
exper iments . Subsequent protocols 
we re s igned at the C E R N Counci l 
meet ing on 19 December . 

Th is is the first t ime that the US will 
contr ibute signif icantly to an 
accelerator to be built outs ide the 
US, and it is the first ag reement 
be tween C E R N and the US 
government . About 25 percent of the 
US exper imenta l high energy physics 
commun i ty are expected to do 
research at the LHC. 

T h e agreement also under l ines the 
global nature of the physics research 
at C E R N , wi th the US now jo in ing a 
part ic ipat ion wh ich inc ludes Japan , 
Russ ia and Commonwea l t h of 
Independent States, Canada , Ch ina, 
India and Israel as wel l as C E R N ' s 
19 European Member States. 

Signing the new agreement in 
Wash ing ton were US Secretary of 
Energy Feder ico Pena, US Nat ional 
Sc ience Foundat ion Director Neal 
Lane, C E R N Director Genera l Chr is 
Llewel lyn Smi th and President of 
C E R N Counci l Luciano Maian i . 
(Short ly af terwards, at the meet ing of 

CERN 's govern ing body, Counci l , 
d is t inguished theorist Maiani , w h o is 
a lso the President of the Italian INFN, 
was elected CERN 's next Director 
Genera l , to take office on 1 January 
1999 - see page 28.) 

Under the agreement , the Uni ted 
States wil l provide goods and 
serv ices for the LHC, schedu led to 
c o m e into operat ion in 2005. 
Specif ical ly, the Depar tment of 
Energy wil l provide componen ts and 
mater ials costed at $200 mil l ion for 
use in the accelerator. Three of the 
depar tment 's nat ional laborator ies, 
Brookhaven, Berkeley and Fermi lab, 
wil l use $110 mil l ion to design and 
produce sys tems for the accelerator 's 
interact ion regions where the 
detectors are located. The remain ing 
$90 mil l ion will be used for . 
p rocurements f rom US industrial 
f i rms, including niobium and n iob ium-
t i tanium for European product ion of 
superconduct ing cable, and for some 
of the superconduct ing cable supply. 

T h e Uni ted States will a lso provide 
an in-kind contr ibut ion of 
componen ts costed at $331 mil l ion to 
the mass ive A T L A S and C M S 
detectors, wi th $250 mil l ion f rom the 
Depar tment of Energy and $81 
mil l ion f rom the National Sc ience 
Foundat ion. More than 550 US 
scient ists f rom nearly 60 universi t ies 
and six nat ional laborator ies in 25 
states are col laborat ing on des ign ing 

and fabr icat ing these components . 
S o m e 15 percent of the physicists 
work ing on the large LHC 
exper iments are f rom the US. 

Further protocols were s igned by 
Mar tha Krebs, Director of the Off ice 
of Energy Research , US Depar tment 
of Energy, Bob Eisenstein, Assistant 
Director of Mathemat ica l and 
Physical Sc ience of the US National 
Sc ience Foundat ion , and C E R N 
Director Genera l Chr is Llewel lyn 
Smi th dur ing the meet ings of CERN 's 
govern ing body, Counci l , at C E R N at 
the end of December , when the US 
jo ined the growing ranks of C E R N 
Observer States. 

LHC preparations gather momentum 

Since approva l by C E R N Counci l in 
December 1994, LHC preparat ions 
have pushed ahead steadi ly, and 
s o m e 800 mil l ion Swiss f rancs of 
contracts, in line wi th budget 
est imates, are s igned or in the 
process of being s igned. The total 
cost of the LHC is 2488 mil l ion (1997 
pr ices). 

1998 marks a specia l LHC 
mi lestone fo l lowing the award of 
three major civil engineer ing projects 
wor th together 269 mil l ion Swiss 
f rancs and the commencemen t of 
large-scale civil eng ineer ing. 

Th is inc ludes 102 mil l ion of work for 

Under a major agreement signed in the historic 
Indian Treaty Room of the Old Executive 
Office Building in Washington, DC, on 8 
December, US scientists will contribute a total 
of $531 million towards the 27-kilometre Large 
Hadron Collider (LHC) now under construction 
at CERN and its physics experiments. Signing 
the new agreement were (left to right) US 
National Science Foundation Director Neal 
Lane, US Secretary of Energy Federico Peha, 
President of CERN Council Luciano Maiani, 
and CERN Director General Chris Llewellyn 
Smith. 
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the accelerator itself, cover ing s o m e 
5 k i lometres of t ransfer tunnels to 
take part icles f rom the exist ing S P S 
ring to the LHC, and modi f icat ions to 
the exist ing 27-k i lometre tunne l , 
current ly housing the LEP e lect ron-
posi t ron coll ider. LEP will cont inue to 
operate until the year 2000 before 
being removed to make w a y for the 
new LHC ring. 

T h e other 167 mil l ion Swiss f rancs 
are for the huge underground 
caverns to house the exper iments . In 
December , Geneva 's 'Grand Conse i l ' 
gave the go-ahead for const ruct ion of 
one of the major areas, oppos i te the 
Meyr in site. The other, s i ted in 
France, should be approved later this 
year. 

T h e LHC will contain s o m e 8000 
superconduct ing magnets , inc luding 
1232 dipoles to steer the beams. 
Magnet deve lopment has been 
underway for some t ime en route to 
perfect ing the final des ign to ensure 
the 8.4 Tes la des ign f ield us ing 
superf lu id he l ium'at 1.9K. The first 
15-metre dipole, assemb led in 
industry under an agreement 
be tween C E R N and the Italian INFN, 
arr ived in December to undergo 
str ingent measurements . 

T h e magnet str ing test, us ing three 
10-metre d ipoles, has now c locked 
9000 hours at 1.9K and forced 
ramping has s imulated ten years of 
realistic operat ion. It wil l soon be 
d ismant led and the magne ts 
replaced wi th a more current des ign . 

As wel l as the magnets , the 
cryogenic sys tem to cool the 40 ,000 
tons of mater ial to 1.9K is a lso being 
deve loped , based on the exist ing four 
LEP cryoplants, wh ich wil l be 
upgraded and supp lemented by four 
addi t ional plants. The prototype 
centr i fugal cryogenic compressor 
f rom IHI (Japan) was del ivered late 
last year. 

O n the vacuum front, a prototype 

beam screen (cover photo, Sep tem­
ber 1997) to reduce the effects of 
synchrot ron radiat ion has been 
instal led in the str ing test. Th is year, 
a desorpt ion exper iment , deve loped 
wi th the Dutch N IKHEF laboratory, to 
s tudy the 'pol lut ion' of high v a c u u m 
will be instal led in the EPA ring used 
to store low energy electrons and 
posi t rons at the beginning of the LEP 
part icle product ion l ine. Other 
desorpt ion studies have been carr ied 
out at Novosibi rsk. 

T h e pace of expendi ture and 
f inancial commi tmen t across the 
board for the LHC mach ine is now 
increasing, wi th some 130 mil l ion 
Swiss f rancs a l ready spent and 
another 100 mil l ion foreseen for this 
year. 

Special contributions 

As wel l as the new US contr ibut ions 
descr ibed above , several other 
specia l ag reements have been d rawn 
up to aid LHC construct ion. 

Canada , th rough the T R I U M F 
Laboratory in Vancouver , is 
supply ing Canad ian $30 mil l ion over 
f ive years , pr imari ly to help upgrade 
CERN 's Booster and PS 
synchrot rons to handle their new role 
in the LHC inject ion cha in . 

Japan is supply ing a total of over 9 
bil l ion yen (100 mil l ion Swiss f rancs) . 
4 0 % of this is earmarked for 
quadrupo les (to squeeze the col l id ing 
beams) to be procured v ia Japan 's 
KEK Laboratory, whi le a substant ia l 
port ion of the remainder is expected 
to be used for superconduct ing cable 
for the var ious LHC magnets . 

India is contr ibut ing a net $12.5 
mil l ion for l iquid ni t rogen tanks, 
corrector magnets and other 
serv ices, including support for Indian 
scient ists work ing on the LHC and its 
exper iments . 

Ag reemen ts wi th Russia wi th a net 
va lue of 66 mil l ion Swiss f rancs 
include t ransfer line magnets sup­
pl ied by Novosib i rsk, and gas 
desorpt ion studies carr ied out at the 
Siber ian laboratory, and a var iety of 
specia l equ ipment f rom the Protvino 
Institute near Moscow. In addi t ion, 
the internat ional Joint Institute for 
Nuclear Research (JINR), Dubna, 
near Moscow, is supply ing an LHC 
t ransverse damp ing sys tem worth 
severa l mil l ion Swiss f rancs. 

In addi t ion, the C E R N 'Host States ' 
- France and Swi tzer land - are 
supp ly ing 64.5 and 25 mil l ion Swiss 
Francs respect ively in k ind, and in 
addi t ion are accord ing addit ional 
indexat ion beyond that of other 
contr ibut ions. T h e French 
contr ibut ion in kind covers 
superconduc t ing quadrupo le magnet 
deve lopment and high technology 
suppl ied locally. The Swiss 
contr ibut ion involves one of the 
t ransfer tunne ls to feed the LHC. 

Progress for the major LHC 
exper iments , whe re expendi ture is 
accelerat ing in the same way as for 
the mach ine itself, wil l be covered in 
a subsequen t issue. 
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Mr. Thomas Betz 
Search Committee Chair 
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Muhlbauer High Tech International 
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NEW 
Group3 introduces the DTM-151 
The new Teslameter Features 

• Outstanding accuracy 

0.01% total system accuracy (Probe + Teslameter). 

• Negligible thermal drift 

typically less than 5ppm/°C, with excellent long term stability. 

• High resolution 

1 part in 600,000 (7 digit display) - resolves to 0.0000001 T on serial output. 

• Small probe size 

1 mm x 0.5 mm active area on smallest probes - ideal for precision mapping. 

• Wide range probes 

one small probe covers whole range up to three T - no need to change probes. 

• Communication options are serial data via fiber optics and RS232, 

orGPIB(IEEE-488). 

• Noise immunity 

DTM-151 incorporates many features to reduce the effects of electrical transients. 

Noise-free transmission of data - even across high voltage differences. 

DANFYSIK 
Danfysik A/S • DK-4040 Jyllinge • Denmark 
Tel. international: +45 4678 8150 • Fax: +45 4673 1551- e-mail: dfysik@inet.uni-c.dk 

| In USA: GMW Associates • Tel.: (650) 802-8292 • Fax: (650) 802-8298 
In India: Transact India Corp. • Tel.: (22) 285-5261 • Fax: (22) 285-2326 

klœbel's offset tryk a-s 
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Technology transfer 

t is not the mission of publ ic ly 
funded basic sc ience to benef i t 

industr ial shareholders direct ly. 
Instead, basic sc ience is cul ture, 
ex tending our knowledge and 
unders tanding of the wor ld a round 
us. However this new unders tand ing 
inevitably opens up who le new 
technolog ies - electr ical eng ineer ing , 
e lectronics and commun ica t ions 
techno logy are the legacy of the 
careful invest igat ion of 
e lec t romagnet ism by 19th century 
scient ists. In this picture, sc ience 
dr ives the long term deve lopment of 
techno logy in a way wh ich is diff icult 
to plan or even foresee in the short 
te rm. 

However there is another s ide to 
the co in. There are many examp les 
of spinoff technologica l deve lopment 
f rom sc ience which a lmost 
immediate ly open the door to new 
appl icat ions areas. Rôntgen 's 1895 
d iscovery of X-rays w a s made in the 
context of research into the atomic 
structure of matter, but wi th in the 
space of a few years , before even its 
scienti f ic impl icat ions had been 
d igested, X-rays went on to 
revolut ionize medical d iagnos is . 

Exper iments at the cut t ing edge of 
sc ience f requent ly require new 
condi t ions wh ich cha l lenge current 
technology. Sat isfying these 
demands can lead to important 
spinoff benef i ts. At C E R N , the 
decis ion in the mid-1960s to 
construct the Intersect ing Storage 
Rings (ISR) led to a requi rement for 
new techn iques to prov ide the ultra­
high vacuum in wh ich high intensity 
proton beams could c i rculate happi ly. 

Today, C E R N is an acknow ledged 
centre of expert ise in the ul tra-high 
vacuum doma in , expert ise wh ich has 
yet to be fully integrated into the 
European scheme of learn ing. 

Fol lowing in the tradi t ion of 
Rôntgen 's X-ray d iscovery, medica l 

appl icat ions, part icularly of detector 
technology, are f requent ly fruitful. 
Posi tron emiss ion tomography (PET) 
and magnet ic resonance imaging 
(MRI) are two major growth areas 
spawned by basic physics. CERN 's 
1992 Nobel pr izewinner Georges 
Charpak has str iven ceaseless ly to 
promote such detector spinoff. 

In another sector, the growing size 
and complex i ty of part icle physics 
exper iments involving thousands of 
special ists in hundreds of research 
insti tutes spann ing several cont inents 
led to new requi rements for 
commun ica t ion . The spectacular 
ou tcome, direct ly sparked by 
deve lopments at C E R N , was the 
Wor ld Wide W e b for access ing 
informat ion v ia the internet. 

Severa l surveys of economic spinoff 
f rom C E R N have demonst ra ted how 
each Swiss franc spent by C E R N on 
high techno logy has generated 
several Swiss f rancs of subsequent 
bus iness e lsewhere for the suppl iers. 
Work ing at the high technology 
frontier can pay d iv idends. 

C E R N has amassed an impressive 
portfol io of rewarding technology 
transfer. It is clear that a laboratory 
whose a im is to advance knowledge 
must also be prepared and equ ipped 
to handle such spinoff. Wi th t ime and 
despi te comp lex administrat ive rules 
in its specia l internat ional 
env i ronment , C E R N has deve loped 
ad hoc strategies to st reaml ine the 
techno logy transfer process and 
make its ach ievements more visible. 

A two-day meet ing 'Basic Sc ience 
and Techno logy Transfer - means 
and methods in the C E R N 
env i ronment ' h ighl ighted the 
chal lenge and set out to help def ine 
strategies to further develop C E R N ' s 
techno logy transfer policy. 

T h e meet ing was organized by 
CERN 's new Techno logy Transfer 
Coord inator François Bourgeois , w h o 

At a two-day meeting 'Basic Science and 
Technology Transfer - means and methods in 
the CERN environment'. Left to right, 
Portuguese Minister of Science and 
Technology José Mariano Gago, a former high 
energy physicist and longtime CERN user, and 
CERN's new Technology Transfer Coordinator 
François Bourgeois. 

recent ly took over this responsibi l i ty 
f rom Oscar Barbalat , now formal ly 
ret ired (a l though as enthusiast ic as 
ever) . 

Int roducing the meet ing , C E R N 
Director Genera l Chr is Llewel lyn 
Smi th po inted to the superf lu id 
hel ium cryogen ics of CERN 's new 
LHC proton col l ider as an example of 
how today 's basic research cont inues 
to br ing f resh technologica l 
cha l lenges. 

A l iving examp le of technology 
t ransfer w a s prov ided by Por tuguese 
Minister of Sc ience and Techno logy 
José Mar iano Gago , a former high 
energy physic ist and longt ime C E R N 
user. In his keynote address , Minister 
Gago out l ined chang ing att i tudes and 
under l ined new t rends in sc ience 
pol icy, demand ing a f lexible 
approach and less complacency . 

Th is requ i rement for f lexibil i ty was 
also s t ressed by Jo rma Routt i , 
Director Genera l of the European 
Commiss ion ' s DGXI I for sc ience 
research and deve lopment , who 
descr ibed how techno logy transfer 
p rog rammes have to contend 
nowadays wi th large mult inat ional 
concerns w h o can shift product ion 
p lat forms be tween cont inents. 

The meet ing w a s div ided into three 
compar tmen ts - techno logy transfer 
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T e c h n o l o g y t r a n s f e r 

th rough people, th rough cooperat ion 
agreements , and th rough purchas ing . 

T h e meet ing presented an 
impressive array of case histor ies, 
wi th examples of n iche markets , of 
new deve lopments , of people w h o 
themse lves have sur fed a 
technologica l wave and moved f rom 
one special ist doma in to another , and 
of the approach in other 
organizat ions, general ly wi th 
miss ions quite dif ferent to that of 
C E R N . 

O n the people front, severa l 
hundred European technical s tudents 
and fe l lows now pass th rough C E R N 
each year. In addi t ion, bi lateral 
ag reements cover ing techno logy 
have been establ ished be tween 
C E R N and var ious nat ions, 
ex tend ing even beyond the exist ing 
Member State communi ty . 

Many skil ls are acqui red in this work 

- as wel l as the technology itself, 
work ing in large projects to t ight 
deadl ines in an internat ional env i ron­
ment means that the students are 
f requent ly eager ly sought . 

Beginn ing wi th the requi rement for 
large magnets for its part icle 
accelerators and extending through 
to electronics deve lopment and 
mater ia ls research for large detector 
sys tems, C E R N has a long history of 
industr ial co l laborat ion. 

Whi le these agreements cover the 
needs of their immediate goals, their 
ongo ing potent ial is less clear, and 
one requi rement could be for a better 
indicator of the latent wor th of new 
deve lopments , and for better fo l low-
through to seed them effectively. In 
the US, a smal l percentage of federal 
spend ing has to be al located to smal l 
bus inesses. 

As wel l as CERN 's own 

requ i rement for technology, special ist 
compan ies looking to ex tend the 
range of their act ivi t ies look to large 
organizat ions such as C E R N as a 
'safe bet ' whi le acquir ing these new 
skil ls. 

T h e meet ing , where more than half 
of the part ic ipants came f rom 
industry, under l ined the va lue of a 
C E R N Techno logy Transfer unit. To 
increase the apprec iat ion of the 
benef i ts to society of basic sc ience 
spinoff, i r respect ive of its apparent 
cost, current pol icy should be 
re inforced and take into account the 
w ide range of technolog ies covered. 
Specia l at tent ion should be paid to 
acquis i t ion and exploi tat ion of know-
how in the academic env i ronment of 
the postgraduate p rog rammes at 
C E R N , and to col laborat ion and 
purchase in industry. 

Around the Laboratories 

CHOOZ 
New neutrino results 

n March 1997, a new neutr ino 
exper iment began operat ion at a 

recent ly commiss ioned nuclear 
power stat ion near the vi l lage of 
Chooz (pronounced 'Shau') in the 
A rdennes region of France. Its initial 
results were awai ted wi th great 
interest by physic ists t ry ing to expla in 
the apparent deficit of muon 
neutr inos produced by cosmic ray 
interact ions in the a tmosphere 
(September 1997, page 25) . 

The Chooz exper iment is a new 
recruit in the effort to search for 
neutr ino osci l lat ion. Neutr inos c o m e 
in three types, each with a dif ferent 
lepton al legiance - e lectron, muon or 
tau . Convent ional ly , these neutr ino 
categor ies are cons idered immutab le 
- a f ree neutr ino in fl ight retains its 
a l legiance for ever. 

However unexp la ined effects seen 
by exper iments studying solar 
neutr inos, and by exper iments 
looking at neutr inos produced by 
cosmic ray interact ions in the 
a tmosphere , suggest that neutr inos 
can change their a l legiance and 
osci l late f rom one kind to another in 

f l ight (November 1997, page 12). 
Classical ly, neutr inos are also 

mass less , but any osci l lat ion wou ld 
imply that they have mass , wi th 
di f ferent neutr inos having different 
masses . T h e results f rom the solar 
and cosmic ray neutr ino studies 
impose l imits on how neutr inos can 
osci l late. 

Each exper iment probes a dif ferent 
osci l lat ion scenar io . Typical ly 
exper iments using neutr inos 
p roduced v ia an accelerator beam 
test h igh energ ies and produce 
predominant ly muon neutr inos, whi le 
the high neutr ino f lux f rom nuclear 
reactors use lower energ ies and use 
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View of the Chooz experimental halt, showing 
the photomultiplier screen surrounding the 
neutrino target regions. 

exclusively electron neutr inos. 
Chooz has a high electron neutr ino 

f lux, known with high accuracy, wi th 
an energy centred a round 3 MeV. 
Sit ing the detector a k i lometre f rom 
the source, thus giv ing the neutr inos 
more room to osci l late than prev ious 
neutr ino exper iments , probes a 
hitherto unexplored region where 
osci l lat ions might occur. 

The exper iment benef i ted f rom 
earl ier studies using the Bugey 
reactor wh ich gave useful osci l lat ion 
l imits. French researchers f rom 
Annecy and the Col lege de France 
( funded by IN2P3-CNRS) were 
jo ined for the new study by physic ists 
f rom New Mexico, Drexel 
(Phi ladelphia) and Irvine (Cal i fornia) 

The conditions for neutrino oscillation ruled out 
by the new Chooz reactor experiment (above 
and to the right of the contour), compared with 
limits from other experiments and with the 
allowed area implied by atmospheric neutrino 
results from the Japanese Kamiokande 
detector, assuming only electron-muon 
neutrino oscillations. 

in the US ( funded by the US Depart­
ment of Energy) , f rom Pisa and 
Tr ieste in Italy ( funded by INFN), and 
f rom the Kurchatov Institute in 
Russia. Half the costs were 
underwr i t ten by Electricité de France. 

Each Chooz neutr ino interact ion 
( inverse beta decay) produces a 
posi t ron and a neutr ino. The 
neutr inos are detected by 
corre lat ions (delayed coinc idence) 
be tween the prompt posi tron and the 
subsequent neutron capture 
(producing g a m m a rays). These 
s ignals are p icked up by a 5- tonne 
target of gado l in ium- loaded liquid 
scinti l lator in an acryl ic vessel 
sur rounded by a 70-cm thick layer 
(17-tonnes) of un loaded scinti l lator 
v iewed by 192 8-inch 
photomult ip l iers. Th is in turn-is 
conta ined in a 90- tonne cosmic ray 
shield equ ipped wi th two rings of 24 
photomult ip l iers. 

The detector is under a hi l lside, the 
intervening rock cutt ing the cosmic 
ray muon signal by a factor of 300 . 
T h e apparatus is further protected 
f rom natural radioactivi ty in the 
sur round ing rock by an artif icial 
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barrier of low radioactivi ty sand and 
14 c m of i ron. 

Initial running in 1996 was ham­
pered by chemica l prob lems with the 
gado l in ium- loaded scinti l lator, how­
ever this gave the team valuable 
exper ience in tun ing and cal ibrat ing 
their detector. From March to 
October 1997 , 'Chooz amassed 1320 
neutr ino s ignals. Th is count is in total 
accord wi th the expected react ion 
rate f rom such an accurate ly 
cal ibrated source, thus excluding 
neutr ino osci l lat ions in the parameter 
region access ib le . 

T h e range exc luded, shown in the 
f igure, comple te ly covers the impl ied 
muon-e lec t ron neutr ino osci l lat ion 
area in wh ich the Japanese 
Kamiokande exper iment observes a 
muon neutr ino deficit. Taken at face 
va lue, this incompatibi l i ty suggests 
that osci l lat ions involving tau 
neutr inos, to wh ich Chooz is not 
sensi t ive, play a role in the 
a tmospher ic phenomena . 

Chooz cont inues to take data, and 
expects to obta in f inal results at the 
end of 1998. 

CERN 
ISOLDE astrophysics 
helps piece together 
supernova puzzle 

V ery light e lements were made at 
the Big Bang and everyth ing else 

is Stardust. To a good approx imat ion, 
this much is wel l estab l ished. But the 
precise mechan isms of this 
nuc leosynthes is remain to be 
clar i f ied, part icular ly in the ex t reme 
condi t ions of heavy supernovae. A 
new research tool , the laser ion 
source, at C E R N ' s on-l ine isotope 
separator , ISOLDE, is helping 
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scient ists to fill in s o m e of the 
miss ing p ieces. 

The laser ion source has 
t rans formed ISOLDE f rom a very 
good source of unstable ions into an 
excel lent one. It uses laser light as a 
key to unlock just the ions needed by 
a part icular exper iment . 

Ions are created at ISOLDE w h e n a 
proton beam str ikes a uran ium 
carb ide target. The resul tant f iss ion 
react ions create a range of short­
l ived exot ic a toms. 

These are evapora ted f rom the 
target and a l lowed to f ind their w a y 
into a smal l capi l lary. T h e new laser 
ion source works by f ir ing three 
precisely tuned laser pu lses into this 
capi l lary in quick success ion . The 
first has just the right energy to lift a 
va lence electron into an exci ted orbit , 
the second lifts it aga in to a higher 
orbit, and the third ionizes the a tom. 
T h e combinat ion of laser energ ies is 
unique to the ion requi red. A n 
electrostat ic f ield pul ls the ionized 
a toms out of the capi l lary and into 
ISOLDE'S general purpose 
separator , G P S , wh ich fur ther se lects 
isotopes to be del ivered to 
exper iments . The select iv i ty of the 
laser ion source coup led wi th the 
G P S mass resolut ion ensures a very 
pure beam contaminated only wi th a 
smal l number of ions of the s a m e 
mass as the one requi red. 

One of the first exper iments to use 
the ion source last October s tud ied 
the propert ies of highly neutron-r ich 
si lver isotopes. For the first t ime, 

s i lver-129, an isotope wi th 22 more 
neutrons than the most c o m m o n 
stable isotope of silver, was identi f ied 
and its half-l i fe measured . 

Si lver-129 plays an important role in 
the so-cal led rapid neutron capture, 
or r-process, of nuc leosynthesis . Th is 
takes place when the neutron densi ty 
is so high that an unstable beta-
emit t ing e lement is very likely to 
capture a neutron before it decays . 
Th is leads to ext remely neutron-r ich 
isotopes, most of wh ich later decay 
through a chain of beta 
dis integrat ions until a stable isotope 
is reached. 

T h e r-process is thought to be 
responsib le for the majori ty of stable 
neutron-r ich e lements heavier than 
i ron, but is notor iously difficult to 
study. T h e only place where* 
condi t ions are right for the r-process 
is in the explos ion of heavy 
supernovae . There , in a per iod of just 
a few seconds , all k inds of e lements 
are fo rmed and sprayed out into the 
Universe where they eventual ly end 
up in new stars and planets. 

Laboratory studies of the r-process 
rely on faci l i t ies like ISOLDE where 
highly neutron-r ich isotopes can be 
made . T h e half-l ife of s i lver-129 is 
just one of a myr iad parameters in 
nuc leosynthes is calculat ions, but its 
measuremen t pins down one p iece of 
the puzzle. In the future, a l though the 
laser ion source is under heavy 
d e m a n d f rom many areas of physics, 
new exper iments wil l measure more 
neutron-r ich isotopes, s lowly bui ld ing 
up a coherent picture of Supernova 
nuc leosynthes is . 

Members of the IS333 collaboration, which 
measured the half-life of silver-129, in front of 
the experiment's neutron detector in the 
experimental hall of CERN's ISOLDE on-line 
isotope separator. Left to right: Karl-Ludwig 
Kratz, Ylva Jading, Peter Mol 1er, Bill Walters, 
and S lava Mishin. 

Hybrid photodetectors 
come of age 

A techno logy wh ich first saw the 
light of day 30 years ago has 

c o m e of age wi th new hybr id 
photodetectors , HPDs, being 
prepared for the C M S and LHC-B 
exper iments at C E R N ' s LHC proton 
col l ider. T h e result not only offers a 
faster, h igher resolut ion 
photodetector for part icle physics 
appl icat ions, but a lso the possibi l i ty 
of an exci t ing new tool for medical 
d iagnos is . 

T h e basic idea is to marry a 
pho toca thode wi th a si l icon detector 
combin ing the advantages of both 
dev ices. A l though HPDs were 
successfu l ly p roduced 30 years ago , 
they were prone to prob lems of rapid 
age ing . Impuri t ies in the si l icon 
resul ted in the photocathode, wh ich 
must be ex t remely pure, becoming 
pol luted and thus deter iorat ing. The 
idea w a s left to rest, but wi th the 
d e m a n d s of detectors for the LHC to 
detect smal l s ignals rapidly and wi th 
good eff ic iency, a col laborat ion 
be tween C E R N , Italy's LAA project 
and Nat ional Institute for Nuclear 
Research , INFN, began to look at the 
idea af resh in 1990. 

Thanks to advances in image 
intensif ier techno logy, ext remely pure 
si l icon manufac tu re , and electronics, 
the old p rob lems were resolved. 
Right f rom the start, the col laborat ion 
worked wi th industry. The Dutch 
company , DEP, wh ich manufac tures 
image intensif iers, had deve loped the 
abil i ty to make v a c u u m tubes with 
state-of- the-art photocathodes, and 
the Amer i can f i rm Canber ra prov ided 
si l icon d iodes th rough its Belgian 
subsid iary. T h e result is a stable 
photodetector wi th ext remely high 
energy resolut ion. Unl ike a tradit ional 
photomult ip l ier , where the intrinsic 
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The excellent resolution and sensitivity of 
hybrid photodetectors makes them ideally 
suited for particle physics and medical 
applications alike. This curve shows how an 
HPD can count the precise number of 
photoelectrons liberated at the cathode. 
(Image: DEP catalogue) 

resolut ion is l imited by f luctuat ions in 
the number of e lect rons p roduced in 
the mult ipl icat ion process, an H P D 
can actual ly count the number of 
photoelect rons p roduced. 

In C M S , single channe l dev ices 
cal led hybr id photomult ip l ier tubes , 
H P M T s , are being used in the 
deve lopment phase to character ize 
the response of the lead- tungstate 
crystals dest ined for the 
e lect romagnet ic ca lor imeter to 
gamma- ray photons. Later on , mul t i ­
channe l dev ices wil l read out the 
exper iment 's hadronic ca lor imeter in 
wh ich just 10 photoelect rons per G e V 
are expec ted . 

Another advantage of H P D s 
compared to tradit ional 
photomul t ip l iers is that they wil l wo rk 
in CM S 's 4 Tes la magnet ic f ie ld. As 
long they are a l igned wi th the f ield to 
wi th in 3 degrees, the photoe lect rons 
travel a long the f ield l ines f rom the 
ca thode to the si l icon d iode. 

LHC-B is tak ing the techno logy a 
s tep further, a iming to p roduce H P D s 
wi th up to 2048 channe ls for their 
r ing- imaging Cerenkov, R ICH, 
detectors. It is the abil i ty of H P D to 
detect s ingle photoelect rons wh ich 

makes t hem attract ive to the LHC-B 
col laborat ion where s ignals in the 
R ICH will be individual photons. The 
a im is to image the rings of Cerenkov 
light using 2 mil l imetre squared pixels 
over as high as possible a fract ion of 
the detector 's act ive area. Mult i -
anode photomult ip l iers, wh ich c ram 
64 convent ional photomult ip l iers into 
a s ingle compac t package, are one 
opt ion, and are al ready avai lable off 
the shelf. But they do have 
d rawbacks . Because the sensi t ive 
area is smal ler than the overal l 
package, only about 4 0 % coverage 
wou ld be possib le with today 's 
dev ices. 

LHC-B has embarked on a 
p rog ramme of research and 
deve lopment a imed at squeez ing up 
to 2048 channe ls into a s ingle 
vacuum tube. Its HPDs will differ 
f rom those commerc ia l ly avai lable in 
that they wil l electrostat ical ly focus 

This new CERN facility for fabricating hybrid 
photodetectors will be used to produce 
photocathodes and to install silicon pad 
detectors into vacuum tubes. 
(Photo CERN EX 97.11.026) 

the photoe lect rons onto the si l icon 
detectors . Th is means that a 
relat ively smal l si l icon detector can 
be e m b e d d e d in a large tube, and 
crucial ly, that the photocathode will 
cover the a lmost full face of the 
dev ice. 

T w o approaches are under 
cons idera t ion. The first, being 
pursued wi th DEP, env isages 
bond ing si l icon pixel detectors 
recent ly deve loped at C E R N directly 
onto readout ch ips so that all the 
e lectronics can be sea led inside the 
v a c u u m tube. Th is bui lds on the work 
of the LAA project whose 1024-pixel 
imaging si l icon pixel array, ISPA, 
tube has been avai lable for test ing 
s ince 1994. The second is a purely 
in-house effort. A facil i ty for 
assembl ing photo tubes is being 
commiss ioned at C E R N . It will be 
used to install s i l icon pad detectors, 
a lso deve loped at C E R N , into 
v a c u u m tubes. The pads are read out 
using t races on the si l icon sur face to 
separa te e lectronics ch ips. 

A s is so of ten the case wi th 
advances in part icle physics detector 
techno logy, medica l appl icat ions are 
not far beh ind . W o r k is a l ready 
underway to produce an ISPA tube 
for medica l imag ing. Since these 
g a m m a or beta-ray cameras are 
ex t remely sensi t ive to smal l numbers 
of photons and have good spat ial 
and energy resolut ion, smal ler 
quant i t ies of radioact ive t racer are 
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requi red. In addi t ion, image contrast 
and resolut ion will be improved. Th is 
makes the technique part icular ly 
attract ive for d iagnosis for ch i ldren, 
and it is there that tr ials are 
schedu led to begin next year. For the 
longer te rm, larger dev ices might 
open up new approaches to 
mammography , whi lst smal l , hand­
held dev ices could be used for rapid 
prel iminary scann ing for cancers , for 
example , of the thyro id. 

RHIC 
More STAR physics 

t 's not often that physic ists can 
treat ultrarelativist ic heavy ions as 

single part icles. But that 's an 
appropr ia te picture for a new physics 
p rog ramme in the STAR (Solenoidal 
Tracker at RHIC) co l laborat ion. In 
July, the col laborat ion formal ly added 
studies of photon and pomeron* 
interact ions to the p lanned physics at 
the RHIC heavy ion col l ider now 
under construct ion at B rookhaven . 
(*The pomeron is the aggregate 
mechan ism responsib le for elast ic 
scatter ing.) 

Th is p rogramme cons iders 
interact ions at relatively large 
d is tances, where the nuclei do not 
physical ly col l ide, but interact v ia 
col l is ions of coherent photon or 
Pomeron f ields. Two-pho ton 
interact ions, such as those s tud ied at 

Drawing of the STAR detector for the RHIC 
heavy ion collider at Brookhaven. A silicon 
vertex tracker and main TPC are surrounded 
by a scintillator trigger, electromagnetic 
calorimeter and solenoidal magnet. An endcap 
calorimeter and forward TPCs increase the 
solid angle coverage. 

On November 6, the STAR Time Projection 
Chamber (TPC) was moved from Lawrence 
Berkeley National Laboratory, where it was 
designed and constructed, to Brookhaven for 
installation at one of the Intersection Regions 
at RHIC. The photograph shows the TPC 
being unloaded on Long Island from a US Air 
Force C-5C cargo plane. The STAR TPC, 
which had undergone a period of highly 
successful tests with cosmic rays at Berkeley 
immediately prior to the move, is the largest 
such tracking detector in the world. 

LEP, are the best known examp le of 
this. 

At RHIC, the large nuclear charge 

produces intense e lect romagnet ic 
f ie lds, wi th a two-photon luminosi ty 
proport ional to the fourth power of 
the nuclear charge . These 
interact ions s tudy a var iety of 
physics, f rom st rong f ield quan tum 
e lec t rodynamics to meson 
spec t roscopy^ 

O n e facet , un ique to RHIC, is that 
because the product of the nuclear 
charge and the e lect romagnet ic 
coupl ing constant is large, about 0.6, 
two-photon interact ions probe st rong 
f ield quan tum e lect rodynamics. The 
large two-photon luminosi ty also 
leads to large product ion rates for 
many scalar and tensor mesons , and 
thence to high stat ist ics hadron 
spect roscopy; the coupl ing of 
mesons to two-photons is a measure 
of their internal quark content . 
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Stopping power for protons and antiprotons in 
silicon, showing the reduced effect for 
antiprotons at lower energies due to the 
repulsion of atomic electrons by the negatively 
charged antiprotons. 

Rates are also large for pho ton-

pomeron interact ions, whe re part of 

the photon wave funct ion is absorbed 

by the other nucleus, produc ing a 

vector meson . In addi t ion to light 

vector mesons , J/psis wil l a lso be 

produced copiously. These 

interact ions test how the vector 

mesons interact with the other 

nuc leus; by chang ing nuclear beams 

and hence the nuclear radius, 

dif ferent th ickness targets can be 

probed. 

Doub le -pomeron interact ions are 

a lso expec ted , as is inter ference 

be tween two-photon and pho ton-

pomeron effects. These interact ions 

are character ized by f inal s tates 

consist ing of a few part ic les, wi th 

noth ing else visible in the detector. 

The S TAR Peripheral Col l is ions 

Work ing Group, led by Spencer Klein 

(Lawrence Berkeley) has per fo rmed 

detai led s imulat ions s tudy ing 

background processes that can 

mimic these interact ions, and 

conc luded that good signal to noise 

ratios can be obta ined for a var iety of 

s ignals. 

The STAR detector is wel l su i ted to 

detect these interact ions. T h e 4 

metre- long, 4 metre-d iameter main 

T P C tracks charged part ic les wi th 

good sol id angle and m o m e n t u m 

measurement in a 5 kG solenoidal 

magnet ic f ie ld. A three- layer si l icon 

ver tex t racker will help detect s t range 

part icles by f inding separa ted 

vert ices, whi le an e lec t romagnet ic 

ca lor imeter will detect photons wi th 

good eff iciency. Forward T P C s will 

detect charged part ic les in the 

forward rapidity regions, check ing for 

the rapidity gaps that are 

character ist ic of 'unco loured ' photon 

and pomeron interact ions. Finally, a 

zero degree calor imeter wil l detect 

neutrons f rom nuclear b reakup, 

provid ing an indicat ion of nuclear 

impact parameter . 

O n e of the most difficult parts of this 

p rog ramme is tr iggering on coherent 

events , whi le reject ing incoherent 

background f rom grazing nuclear 

interact ions, beam gas, photonuclear 

interact ions and cosmic rays. 

Initially, a set of scinti l lator and wire 

chamber tr igger detectors wil l 

measure charged part icle mult ipl ici ty 

and topo logy on an event by event 

basis. Later t r igger ing decis ions wil l 

be made using t rack ing, ver tex 

posit ion and perpendicular 

m o m e n t u m balance. These criteria 

provide a good eff ic iency for 

coherent events , whi le mainta in ing a 

low deadt ime. 

Bes ides the excel lent physics, the 

S T A R program will provide a good 

lead-in for the two-photon physics at 

C E R N ' s LHC. 

CERN 
Barkas effect revisited 

n the mid-f i f t ies, Wal ter Barkas and 

co-workers at Berkeley d iscovered 

that the range in matter of negat ive 

p ions was longer than that of posit ive 

p ions of equal momen tum by about 

0.3 %. 

Initially, this was thought to be due 

to a di f ference in mass be tween the 

two types of p ions, but soon it was 

real ized that the origin of the effect 

was to be found in the s lowing-down 

process itself. 

T h e energy loss of fast charged 

part icles in matter ar ises mainly f rom 

inelastic col l is ions with a tomic 

e lectrons. Charged part icles 

penetrat ing a target polar ize the 

a tomic e lectrons, and s ince the 

negat ive p ions have the same charge 

as the electrons, these pions will 

repel the e lectrons and exper ience a 

lower s topp ing power of the target 

Si stopping power 
150 I • 

JÊJ , , i i 

100 1000 
Energy [keV] 

mater ial than their posit ive 

ant ipart ic les, leading to a longer 

range. 

T h e Barkas effect was later also 

s tudied wi th s igma-hyperons and 

muons , but the measurements 

suf fered f rom the low qual i ty of these 

beams at low energy. The effect 

impl ies dev iat ions f rom the Bethe 

formula for the s topping power, 

appl icable to fas ter -moving part icles 

and wh ich sca les as the square of 

the project i le charge. Hence, the 

effect a lso shows up in compar isons 

be tween equi-veloci ty protons and 

a lpha-par t ic les: the s topping power 

for a lpha-par t ic les is more than 4 

t imes the s topp ing power for protons. 

O n e of the object ives of the PS194 

exper iment at C E R N ' s LEAR Low 

Energy Ant ipro ton Ring by an 

Aarhus /PSI (Vil l igen) col laborat ion 

was to s tudy the Barkas effect using 

high qual i ty beams of ant iprotons. 

The ant iproton s topping power of 

di f ferent mater ia ls was measured at 

energ ies be tween 20 keV and 5 MeV 

using t ime-of- f l ight and calor imetr ic 

techn iques. 

T h e ant iproton s topping power w a s 

found to be reduced by 30 % around 

the s topp ing power max imum as 

compared to protons. The two 

s topp ing powers are seen to merge 

at h igh energy, above a few MeV. 

Such measu remen ts are important 

not only for s topp ing negat ive 

part ic les, but a lso for a better 
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DESY Chairman Bjorn Wiik introduces the 
laboratory's Theory Workshop. 

unders tanding of the s low ing-down 
process itself. Accura te ly -known 
stopping powers are important in 
many f ields, ranging f rom radiat ion 
therapy and mater ia ls sc ience to high 
energy physics. 

Va luab le informat ion about 
ant iproton s topping powers in 
hydrogen and hel ium gases and 
extending to even lower energ ies has 
a lso been obta ined by the PS201 
exper iment (OBELIX) at LEAR. 

per fo rmance of injection dampers ; 
non- l inear f ield effects at eject ion and 
in t ransfer l ines; scraping of tai ls; and 
exot ic measurements . 

The p rog ramme thus catered for 
both mach ine physicists and beam 
diagnost ics special ists. As usual in 
these workshops , less than 5 0 % of 
the t ime w a s devoted to formal 
presentat ions, a l lowing max imum 
t ime for d iscuss ions. 

After an open ing address by D.J. 
S imon, head of C E R N PS div is ion, 
on the first half day the 
representat ives of the organiz ing labs 
- B rookhaven , C E R N , DESY, 
Fermi lab and KEK descr ibed detai ls 
of their respect ive projects. The 
ensu ing p rog ramme covered many 
topics, f rom the basic def ini t ions and 
expected precis ion of measurements , 
to exot ic methods such as bunched 
beam Schot tky spect rum. 

W. Chou , H. Koziol , L. Vos , and K. 
Wi t tenburg summar ized the 
inst rumentat ion and mach ine physics 
contr ibut ions before the workshop 
w a s c losed by K.H. Kissler, head of 
CERN 's SL (SPS and LEP) div is ion. 
Local organizat ion was in the hands 
of C E R N ' s PS Per formance 
Commi t tee . 

DESY 
Theory workshop 

A l though Quan tum 
Chromodynamics (QCD) , the 

quark-g luon (parton) f ield theory of 
s t rong interact ions, has been wi th us 
for 25 years , it is still a chal lenge to 
ful ly explore its rich and complex 
structure. Recent methodica l 
deve lopments in Q C D and theoret ical 
and exper imenta l progress in 
unders tand ing hadronic phenomena 
were d iscussed and rev iewed at the 

latest annua l Theory Workshop at the 
D E S Y Laboratory in Hamburg . 

Rev iewing current knowledge of the 
internal s t ructure of the nuc léon, 
Al len Caldwel l (DESY/Co lumbia) 
p resented exper imenta l results on 
the quark /g luon structure of nuclei 
(structure funct ions) . DESY 's H E R A 
elect ron-proton col l ider now gives 
prec ise results over four orders of 
magn i tude in Bjorken x (momen tum 
fract ion carr ied by the struck parton) 
at f ixed squared m o m e n t u m transfer 
Q 2 , and a lmost four orders of 
magn i tude in Q 2 at f ixed x. The data 
are wel l reproduced over most of the 
k inemat ic range f rom the 
convent iona l (DGLAP) equat ions 
using input par ton densi t ies. 

A l though the structure funct ion data 
is genera l ly wel l f i t ted by perturbat ive 
Q C D at h igher Q 2 , a comple te 
theoret ical descr ipt ion of the low Q 2 

region is lack ing. T h e transi t ion f rom 
a region wel l -unders tood wi th 
per turbat ive Q C D to a region 
domina ted by 'soft Q C D interact ions' 
takes p lace a round x = 0.0001 and 
Q 2 = 4 Q e V 2 , dramat ica l ly exhib i ted by 
the data. 

T h e H E R A data show a rise in the 
par ton distr ibut ions at smal l x in the 
who le Q 2 range, wi th a s lope wh ich 

WORKSHOP 
Beam dynamics issues 

F rom 5-7 November , C E R N 
hosted the 4th Beam Dynamics 

Min i -Workshop on Transverse 
Emi t tance Preservat ion and 
Measurements , under the ausp ices 
of ICFA (Internat ional Commi t tee for 
Future Accelerators) . 43 exper ts in 
b e a m d y n a m i c s a n d ins t rumentat ion, 
f rom 7 different labs (Brookhaven, 
C E R N , DESY, Fermi lab, KEK, 
Ruther ford App le ton and Svedberg) 
debated the t ransverse emi t tance 
issues fac ing the accelerator phys ics 
commun i t y in the coming century to 
ensure rel iable product ion of the high 
intensity, high br ightness beams for 
future large hadron col l iders. 

Th is type of beam has to be 
ach ieved in veteran mach ines such 
as the PS proton synchrot ron at 
C E R N and the A G S Al ternat ing 
Gradient Synchrot ron at B rookhaven , 
as wel l as Fermi lab 's new Main 
Injector and the 50 G e V synchro t ron 
under study at KEK, Japan . 

A m o n g the topics covered were : 
emi t tance measuremen t dev ices; 
precis ion and cons is tency of 
emi t tance measurements ; emi t tance 
b low-up vs inject ion osci l lat ions; 
emi t tance b low-up vs m ismatch , 
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Recent developments in Quantum 
Chromodynamics (QCD) and progress in 
understanding hadronic phenomena were 
reviewed at the latest annual Theory 
Workshop at the DESY Laboratory in 
Hamburg. Left to right, Matthias Neubert, 
Guido Martinelli and Ahmed AH. 

steadi ly increases wi th Q 2 . Marcel lo 
Ciafaloni (Florence) d iscussed 
whether this behaviour, successfu l ly 
ascr ibed to large scal ing v io lat ions 
(g luon radiat ive correct ions wh ich 
modi fy the naive parton model ) , can 
also be quant i tat ively unders tood 
wi th the 'hard Pomeron ' picture, that 
v iews the nuc léon at large Q 2 but 
smal l x as being c o m p o s e d mainly of 
'hot spots ' of feebly interact ing 
g luons. Th is picture is der ived f rom 
the evolut ion of the parton densi t ies 
using the BFKL equat ion. Whi le this 
evolut ion is at var iance wi th the data 
at leading level, h igher order scal ing 
v io lat ions (the calculat ions of wh ich 
are a lmost complete) lead to a 
drast ic change. The prel iminary 
est imate of these correct ions is now 
compat ib le wi th the smal l -x 
behav iour of parton distr ibut ions in 
the few G e V region. Ciafaloni made 
the point that the hard Pomeron 
picture and Q C D correct ions may be 
two s ides of the same picture, and 
that the transi t ion to 'soft physics ' is 
perhaps much smoother than 
previously thought . 

Michael Duren (Er langen) 
summar i zed recent exper iments 
using polar ized e lectrons and muons 
at C E R N (SMC), D E S Y (HERMES) 
and SLAC (E154, E155) . T h e 
nuc léon spin structure funct ions of all 
exper iments agree wi th each other 
and with the Q 2 evolut ion predic ted 
by next- to- leading order Q C D . The 
new data conf i rm that the 'spin 
puzzle ' - f ix ing the relat ive 
contr ibut ions f rom va lence quarks , 
vir tual 'sea ' quarks, g luons, and 
orbital angular m o m e n t u m to the 
nuc léon spin - is still wi th us. New 
data f rom H E R M E S will separa te 
spin contr ibut ions f rom var ious quark 
f lavours. In the long te rm, the 
C O M P A S S exper iment at C E R N 
(May 1997, page 4) and possib ly a 
polar ized HERA col l ider wil l shed 

light on the spin contr ibut ion of the 
g luon. 

Whi le the change of parton 
distr ibut ions with Q 2 f rom modera te 
to large va lues of Q 2 is wel l 
unders tood, the computat ion of the 
parton distr ibut ions is a truly non-
perturbat ive prob lem and thus 
remains a ser ious chal lenge. Dmitr i 
D iakonov (NORDITA) out l ined how a 
chiral quark-sol i ton model leads to 
parton distr ibut ions that are in 
reasonable agreement with 
parametr izat ion at modera te Q 2 . 

Roger Hors ley (Berlin) presented 
results obta ined f rom Q C D in the 
latt ice approx imat ion. The x-
momen ts of a structure funct ion can 
be related to the hadronic 
consequences of certain quark-g luon 
operators wh ich can , in pr inciple, be 
direct ly eva luated by methods of 
latt ice Q C D . Using the Quadr ics 
h igh-speed paral lel computer of 
DESY- l fH Zeu then , researchers were 
able to numer ical ly compute them 
and low momen ts of the va lence 
quark distr ibut ion at two dif ferent 
latt ice spac ings al lowing a g l impse of 
the con t inuum limit (that is, the 
extrapolat ion to zero lattice spac ing) . 
T h e calculat ions are in fair 
ag reement wi th the data. 

Another t heme of the workshop w a s 
dif fract ion phenomena in high energy 
col l is ions, especial ly in lepton-

nuc leon scat ter ing. Recent exper i ­
menta l f ind ings were presented by 
John Dainton (L iverpool /DESY). 
Dif fract ion (elastic- l ike scatter ing) has 
a ped igree st retching back to the 
1960s, but hadronic dif fraction has 
gone th rough a renaissance with the 
advent of H E R A in the 1990s. Just 
as the first h igh Q 2 interact ions of 
e lect rons wi th protons in the early 
1970s revealed and establ ished the 
picture of the proton as a bound state 
of quarks and g luons, so the new 
results at H E R A have establ ished the 
partonic nature of dif fractive 
interact ions to be descr ibed in te rms 
of Q C D . Before the H E R A results, 
di f fract ion w a s unders tood entirely in 
te rms of 'soft ' hadronic interact ions 
as the exchange of a 'Pomeron ' (a 
co lour-neutra l col lect ive partonic 
excitat ion) be tween the two 
interact ing hadrons. The new 
measu remen ts have probed the 
Pomeron , revealed that its sub­
structure is domina ted by g luons, and 
even quant i f ied the basic partonic 
dynamics invo lved, albeit wi thin a 
theoret ical f ramework not str ingent ly 
der ived f rom Q C D . 

Al f red Muel ler (Columbia) 
d iscussed a number of current 
theoret ical issues in understanding 
and interpret ing dif fract ion scat ter ing. 
He compa red hadron-hadron and 
lepton-proton col l is ions, especial ly 
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diffractive dissociat ion at Fermi lab 
and at HERA, where signi f icant 
d i f ferences between hadronic- and 
virtual photon- in i t iated processes 
have become apparent . In contrast to 
the very weak growth wi th the 
col l is ion energy of the s ingle 
dif fract ion react ion rate in hadronic 
col l is ions (where only one nuc léon 
d issociates and the other s tays 
intact) the energy dependence of 
ana logous HERA events (where a 
'heavy' virtual photon hitt ing the 
target proton d issociates into 
hadrons) appears to be signi f icant ly 
stronger. He made the point that this 
may be ev idence for nonl inear Q C D 
effects (due to the unitari ty of the 
scat ter ing matrix) that are ex tend ing 
f rom the region of 'soft' to the reg ime 
of ' semihard ' s t rong interact ions. 

Gregory Korchemsky (Orsay) 
showed that Q C D gives intr iguing 
mathemat ica l st ructure w h e n 
consider ing hadron scat ter ing 
ampl i tudes for large col l is ion energy 
but f ixed m o m e n t u m transfer - the 
so-cal led Regge limit. It has been 
argued that the Q C D dynamics is 
then descr ibed by an effect ive f ield 
theory wh ich can be reduced to a 1 -
d imens iona l sp in-chain mode l , the 
'XXX' Heisenberg magnet . Th is 
mode l can be so lved exact ly. T h e 
Regge regime remains, however , to 
be fully unders tood in Q C D . 

Another topic to s t imulate recent 
theoret ical activity is high t ransverse 
m o m e n t u m charmon ium product ion 
at the Tevat ron and HERA. A C D F 
(Tevatron) measurement can be 
accounted for by the idea that the 
main product ion mechan ism is the 
f ragmentat ion of a g luon into a 
co loured charm quark-ant iquark pair 
wh ich evolves into cha rmon ium and 
light hadrons. However , H E R A 
measurements show no ev idence for 
this mechan ism. Michael Kramer 
(Rutherford Laboratory) rev iewed 

current a t tempts to unders tand the 
C D F and H E R A data in a coherent 
fash ion. 

Accura te calculat ions are avai lable 
for a number of hard scat ter ing 
processes using perturbat ion 
expans ions . Erwin Mikes (Karlsruhe) 
reported recent advances in 
comput ing mult iple parton scat ter ing 
and jet product ion rates at high 
energy col l iders, whi le Kostja 
Chetyrk in (Moscow/Kar ls ruhe) 
rev iewed recent results on mult i - loop 
Q C D calculat ions, incorporat ing the 
total e lectron-posi t ron annihi lat ion 
process into a heavy quark-ant iquark 
pair, the hadronic decay of the yet to 
be d iscovered Higgs part icle, and the 
var iat ion of the st rong coupl ing wi th 
energy. Recent progress in this f ield 
became possib le only by e laborate 
combinat ions of analyt ic, computer -
algebraic, and - in the case of jet 
physics - numer ica l methods. 

Wi th measurements of Q C D 
observab les for hard processes 
becoming ever more precise, the 
exper imenta l and theoret ical analys is 
of nonper turbat ive 'power ' 
correct ions (proport ional to some 
inverse power of the large energy 
scale character iz ing the reaction) has 
become a rapidly develop ing f ie ld. 
Mart in Beneke (CERN) out l ined how 
power correct ions are related to the 
d ivergence of the Q C D perturbat ion 
ser ies and summar i zed the present 
status of theoret ical invest igat ions. 
He then p roceeded to a compar ison 
of theoret ical results with data on 
hadronic event shape observab les in 
e lectron-posi t ron col l is ions and deep-
inelastic scat ter ing. Crit ical ly 
reapprais ing the theoret ical 
assumpt ions made, he conc luded 
that the success of the predict ions is 
both encourag ing and puzzl ing. 

The B mesons and their weak 
decays prov ide a good ' laboratory' 
for explor ing Q C D . On the other hand 

precise calculat ions of B meson 
decays are, in genera l , necessary 
prerequis i tes for analys ing future 
precis ion exper iments a iming to 
clarify the or igin of CP vio lat ion. 
Mat th ias Neuber t (CERN) out l ined 
the concepts of 'Heavy Quark 
Symmet ry ' aftd 'Heavy Quark 
Effect ive Theory ' and conf ronted 
theoret ical results on semi leptonic 
and nonleptonic B meson decays 
wi th recent exper imenta l data. Gu ido 
Mart inel l i (Rome) rev iewed the 
current s tatus and results of 
numer ica l Q C D calculat ions in the 
latt ice approx imat ion of weak matr ix 
e lements , including those of 
(semi) leptonic B meson decays and 
of neutral meson osci l lat ions. 

A n issue not yet sett led is the 
precise calculat ion of the mass 
parameters of the light (up, down , 
st range) quarks f rom the measured 
light meson mass spec t rum. Heinr ich 
Leutwyler (Bern) d iscussed how the 
concept of chiral symmet ry breaking 
in Q C D and the now classic method 
of chiral per turbat ion theory lead to a 
rel iable determinat ion of the ratios of 
light quark masses . Mart in Luscher 
(DESY) rev iewed the techn iques 
used in present lattice Q C D 
calcu lat ions of the light quark 
masses . He out l ined also a 
computa t iona l s t rategy that should 
eventual ly lead to reduced 
systemat ic errors. 

Invest igat ing st rong interact ions at 
high tempera tu re has been (and still 
is) of major interest a m o n g theor ists 
because of its impor tance in 
unders tand ing the deconf inement 
phase transi t ion f rom hadrons to a 
gas of l iberated quarks and g luons. 
Eric Braaten (Ohio) rev iewed 
theoret ical tools and prob lems of 
Q C D at h igh tempera tures and 
appl icat ions to static and dynamic 
phenomena . Helmut Satz (Bielefeld) 
d iscussed the suppress ion of J/psi 
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George Kalmus (left) steps down as Director of 
Particle Physics for the UK Council for the 
Central Laboratory for the Research Councils. 
His place is taken by Ken Peach (right). 

product ion in nuclear col l is ions, the 
prominent and long-sought s ignature 
of quark-g luon p lasma format ion that 
shou ld occur at high tempera tu res or 
high nuclear densi t ies. He compared 
theoret ical expectat ions wi th the data 
f rom the NA50 col laborat ion at C E R N 
on 'anomalous ' J/psi suppress ion in 
lead- lead col l is ions wh ich s e e m to 
show, for the first t ime, the onset of 
deconf inement . 

The' DESY workshop at t racted in 
part icular many young theor is ts. 
More than 50 short ta lks we re g iven 
in the paral lel sess ions — certainly a 
s ign that the compel l ing prob lems of 
Q C D cont inue to fasc inate the new 
generat ion of physic ists. 

From Werner Bernreuther 
(RWTH Aachen) 

RUTHERFORD 
APPLETON 
Kalmusfest 

A t a packed meet ing at the UK 
Rutherford App le ton Laboratory 

(RAL) on 3 October, an aud ience of 
part icle physicists f rom the UK and 
overseas gathered to honour George 
Ka lmus a few weeks before he 
s tepped down as Director of Part ic le 
Physics for the UK Counci l for the 
Centra l Laboratory for the Research 
Counci ls . 

T h e occas ion, o rgan ized by Erwin 
Gabathu ler and Bob Brown , 
cons is ted of four main presentat ions 
in wh ich people who had been 
assoc ia ted wi th George at di f ferent 
t imes in his career rev iewed var ious 

aspects of part icle physics in depth , 
whi le at the same t ime providing 
l ight-hearted remin iscences. 

Peter Smi th , in a talk enti t led "Four 
Part icles and a Symphony" , returned 
to the days when he and George 
were s tudents at Universi ty Col lege, 
London, and then went on to review 
searches for exot ic part ic les and dark 
matter. (The 'symphony ' referred to 
a rare per formance of the Toy 
Symphony by Bernard Romberg , 
conduc ted by Peter Smi th , in wh ich 
George had d isp layed unsuspected 
talents.) Bob Ely then recal led the 
go lden days of bubble chamber 
physics at Berkeley in the early 60s 
wh ich shaped George 's career for 
many years to come, and went on to 
descr ibe the excit ing physics 
current ly coming f rom C D F at 
Fermi lab 's Tevat ron . 

In 1972 George jo ined RAL as 
leader of the Bubble Chamber group; 
this per iod w a s covered by Ken 
Peach , w h o also gave a comprehen ­
sive review of the physics of CP 
violat ion. Ugo Amald i recal led 

George 's key role in the early and 
somet imes turbulent days of Delphi , 
and s h o w e d s o m e of the results 
f lowing f rom this now fully mature 
LEP detector . 

In short contr ibut ions preceding and 
fo l lowing these talks, Erwin 
Gabathu ler and Paul Wi l l iams -
C L R C Cha i rman and Chief Execut ive 
- expressed the warmly felt 
apprec ia t ion of the part icle physics 
commun i t y for George 's activi t ies 
over the last years , both as Director 
at RAL and in manag ing the UK 
part icle phys ics p rog ramme. 

George is s tepp ing down to spend 
the next few years once again in 
act ive part ic ipat ion in a part icle 
phys ics exper iment ; he wil l cont inue 
to work at RAL. 

George 's p lace as Director was 
taken on 1 January by Ken Peach, 
former ly Deputy Division Head of 
C E R N ' s PPE Div is ion. 

CERN Courier, January/February 1998 17 



A r o u n d t h e L a b o r a t o r i e s 

KYOTO 
Polarized protons at 
high temperature 

A Kyoto group has real ized a 
long-cher ished d ream of spin 

physic ists, the polar izat ion of proton 
in a sol id target at high tempera ture . 

Usual ly protons in organic mater ia ls 
and ammon ia are polar ized dynami ­
cal ly for the purpose of the target of 
h igh energy physics, s ince the 
polar izat ion in thermal equi l ibr ium is 
very low. In this me thod , high polar i ­
zat ion of e lectrons of paramagnet ic 
impuri t ies is t ransferred to the pro­
tons by mic rowave irradiat ion in a 
high magnet ic f ield (25-50kG) at very 
low temperature(1-0 .1K) . Th is is 
cal led the sol id effect. 

In the last decade I. Schmid t and 
his col laborators in Le iden p roposed 
polar iz ing protons in organic crystals 
by means of m ic rowave- induced 
polar izat ion involving the 
photoexc i ted triplet state of the guest 
molecu les [ 1 ] . 

Electrons in a pentacene molecu le 
are d iamagnet ic in the g round state 
because these electrons are in a 
singlet state. Electrons are exci ted to 
higher singlet states wi th the laser 
beam. The spin-orbit interact ion 
causes the transi t ion f rom singlet 
exci ted states to in termediate tr iplet 
s tates. 

The populat ions of the Z e e m a n 
sublevels of the lowest tr iplet state 
wi th Z -component of the total elec­
t ron spin + 1 , 0 and -1 are 12, 76 and 
1 2 % respect ively. Dur ing the l i fet ime 
of the triplet state (some 20 
microsec) mic rowave irradiat ion 
occurs and the external f ield is swept 
s imul taneous ly to t ransfer the popu­
lation di f ference of e lect rons be tween 
two Z e e m a n sublevels to the proton 

polar izat ion by means of the inte­
grated sol id effect. 

Electrons on the triplet state decay 
to the g round state, where the proton 
spin remains polar ized for a long t ime 
s ince the spin-spin interact ion 
be tween electrons and protons on 
the ground state is negl igible. 

Using this method , the Leiden 
group obta ined 0 .5% polar izat ion of 
protons in naphtha lene in room 
tempera ture . Recent ly a Kyoto group 
tr ied to polar ize protons in 
naphtha lene doped with pentacene 
and got about 3 4 % polar izat ion by 
means of a similar method wi th a 
h igh-power pulsed dye- laser at l iquid 
ni t rogen tempera ture [2]. 

The enhancement factor 
cor respond ing to this va lue is 8 x 10 4 . 
The relaxat ion t imes of protons are 
about 1,000 and 160 minutes in f ields 
of 3kG and 7G respect ively, 
surpr is ingly long compared to those 
in other target mater ia ls. 

It is expected that a proton 
polar izat ion up to 7 0 % can be 
obta ined if the laser power and the 
concentrat ion of pentacene are 
opt imized. A l though the proton 
polar izat ion is less than 1 % at room 
tempera ture , it was found to be 
improved signif icant ly at a 
tempera ture sl ightly lower than 0C, 
s ince the coupl ing be tween s low 
molecular mot ion and proton spin is 
qui te smal l in this temperature 
region. 

The method is appl icable to the 
w ide f ield of spin physics. Even 
though the ordinary polar ized targets 
of a m m o n i a and organic mater ia ls 
have higher hydrogen contents and 
higher polar izat ion (more than 90%) 
than the naphtha lene target, the 
newly deve loped target has many 
advantages over the ordinary target 
for some kinds of exper iments . 

S ince the target has no heat ing 
prob lem and possibly no ser ious 

prob lem of radiat ion damage , it can 
be used for high- intensi ty pr imary 
beams of hadrons and electrons, 
important for the invest igat ion of rare 
phenomena . 

Second ly , the target is useful for 
exper iments wi th very low-
m o m e n t u m charged part icles, s ince 
the necessary magnet ic f ield to keep 
the polar izat ion is ext remely low. 
Fur thermore, the target sys tem is not 
so expens ive and does not require a 
great deal of expert ise. Future 
deve lopments a im at further 
improvements of the polar izat ion and 
proton concent ra t ion . 

References 
1) A. Henstra et ai, Chemical 
Physics Letters, 165 (1990) 6 
2) M. linuma, PhD thesis Kyoto Univ. 
1997 M. linuma et ai, in preparation 
for publication 

Energy levels of the polarization-useful 
pentacene molecule 

S z I z population 

( singlet ) 

18 CERN Courier, January/February 1998 



CERN 
E u r o p e a n L a b o r a t o r y f o r P a r t i c l e 

P h y s i c s 

CERN is the world's largest laboratory 
for scientific research. 

With 19 Member States, 
it is used by elementary particle physics 

researchers f rom all countries. 

Visits on request 
tel. 0041 22 767 8484 

Microcosm exhibit ion, 
Monday-Saturday f rom 9.00 to 17.00 hr, 

entry free 

Route de Meyrin (bus 9 CERN) 

Space 
(page) 

Actual size (mm) 
width by height 

Cost per insertion (Swiss Francs) 
Space 
(page) 

Actual size (mm) 
width by height 1 

insertion 
3 

insertions 
5 

insertions 
10 

insertions 

1/1 

1/2 

1/4 

1 8 5 x 2 6 5 
1 8 5 x 1 3 0 

9 0 x 2 6 5 
9 0 x 1 3 0 

2200 

1300 

750 

2100 

1200 

700 

2000 

1100 

650 

1900 

1020 

600 

Advertisements in CERN COURIER 
Format A4 Monthly publication 

All advertisements are published in both English and French editions. Second language versions 
accepted without extra charge. 

These prices include no entitlement to special placing. 
Supplement for: 
-one additional colour 1500 SwF 
-1/2 page 800 SwF 
-Covers: 

Covers 2 and 3 (one colour) 2200 SwF 
Cover 4 (one colour) 2700 SwF 

Publication date 1st of month of cover date 
Closing date for 

positive fi lms and copy 1st of month preceding cover date 
The cost of making films and of translation 
for advertisements are charged in 
addition. 

Screen offset 60l/cm (150 English) 
Advertisements cancelled after 1st of 
month preceding cover date will be 
invouced. 

These rates are effective for the year 1998 

inquiries for Europe: 

Micheline FALCIOLA / CERN COURIER - CERN 
CH -1211 Genève 23 Suisse 
Telephone: 022/767 41 03 
Telefax: 022/78219 06 

Inquiries for the rest of the world: 

please see page III 

Y o u r p a r t n e r f o r a f u l l s e r v i c e : 

p r e p r e s s - p r i n t i n g - b i n d i n g -

d i s t r i b u t i o n 

lannoo 

L A N N 0 0 PRINTERS 
Kasteelstraat 97, B-8700 Tiel t -Belgium 
Tel. 32 51 42 42 11 - Fax 32 51 40 70 70 

CERN Courier, January/February 1998 19 



Physics monitor 
Participants at the First International 
Conference on New Developments in 
Photodetection held in Beaune, France. 

Photodetection 

S ince the earl iest days of part ic le 

physics research, photodetectors 

have been an essent ia l i tem in the 

exper imenter 's tool kit. The principal 

techn iques for detect ion of charged 

part ic les are based ei ther on 

sensit iv i ty to ionizat ion p roduced by a 

part ic le's passage or on sensit iv i ty to 

photons produced by scint i l lat ion, 

f luorescence, Cerenkov or 

synchrot ron radiat ion, or annih i la t ion. 

T h e first photodetector , the human 

eye, even today is a m o n g the most 

sophis t icated of photon imaging 

dev ices. No sys tem ever deve loped 

can compare with the sensit iv i ty, 

spectral resolut ion, p ixel izat ion, data 

acquis i t ion and data analys is 

capabi l i t ies of the eye. 

T h e d iscovery of X- rays in 1895 by 

Wi lhe lm Roentgen w a s made 

through observat ions of a f luorescent 

screen exposed to a ca thode ray 

tube. Sixteen years later, Ernest 

Ruther ford and his s tudents 

d iscovered the atomic nuc leus v ia 

observat ions of light f lashes in 

f luorescent screens p roduced by 

part icle impacts. 

Photographic plates, ei ther coup led 

to c loud chambers , (and, later bubble 

chambers) or used direct ly as 

emuls ions, first prov ided the means 

to record part icle interact ions wi th 

matter. However , the genera l 

tendency that deve loped in 

exper imenta l part icle phys ics towards 

real- t ime detect ion and digital 

representat ions has great ly 

d imin ished the role of photographic 

f i lms. 

The invent ion of the v a c u u m 

photomult ip l ier tube in 1936 also 

opened up an entirely new aspect of 

exper imentat ion, a l lowing precise 

t iming of events in units of a tr i l l ionth 

of a second . 

The d iscovery of the ant iproton in 

1955 by O. Chamber la in , E. Segre, 

C. W iegand and T. Ypsi lant is was 

accompl ished through precise 

measuremen ts of part icle veloci t ies. 

Both Cerenkov and t ime-of-f l ight 

techn iques were needed to 

dist inguish the heavier, s lower 

ant iprotons f rom the much more 

numerous lighter, faster mesons . 

Signals f rom a pair of widely 

separa ted plastic scint i l lators, each 

v iewed by a photomult ip l ier tube, 

were processed electronical ly to 

record the t ime-of-f l ight for part ic les 

t ravers ing the space between them. 

Fol lowing the advent of 

photosensi t ive sol id state dev ices in 

the 1950s, technological progress in 

the f ield of photodetectors s lowed. 

New dev ices tended to be 

improvements on and var iat ions of 

exist ing dev ices opt imized for 

specif ic sets of requi rements. 

However , dur ing the past decade, 

this si tuat ion has changed 

dramat ical ly . 

A rapid expans ion in basic 

knowledge and technology in the 

f ield of photon detect ion and imaging 

has occur red through research in 

pr ivate compan ies and in public 

laborator ies, result ing in the 

introduct ion of complete ly new sol id 

state, gaseous and vacuum dev ices. 

The impetus for detector improve­

ment in basic research c a m e f rom 

as t ronomers ' desi re to scan the sky 

over a very w ide energy range and 

f rom the ext remely difficult exper i ­

menta l condi t ions created in modern 

col l id ing beam accelerators. On the 

pr ivate s ide, the desire to look 

deeper into the body and , the need 

for improved medica l d iagnost ic 

techn iques appears to be the 

s t imulus. 

Because of this cons iderab le 

progress, the idea of an internat ional 

con ference on new deve lopments in 

photon detect ion w a s conce ived and 

p roposed by Pierre Besson of CEA, 

Direct ion des Sc iences de la Mat ière, 

DAPNIA . Subsequent ly , the First 

Internat ional Conference on New 

Deve lopments in Photodetect ion w a s 

organ ized by Pierre and a local 

commi t tee of physic ists f rom IN2P3 

(the Institut de Phys ique Nucléaire et 

de Phys ique des Part icules) and 

D S M (Direct ion des Sc iences de la 

Matière.) 

Held in Beaune , France, the 

Confe rence w a s sponsored by the 

Direct ion des Sc iences de la Mat ière, 

the Institut de Phys ique Nucléaire et 

de Phys ique des Part icules, the 

Ministère de la Recherche, and the 

European Commiss ion . About 180 

part ic ipants f rom 16 countr ies took 

part. A m o n g them were physicists 

and eng ineers work ing in d iverse 

f ie lds: h igh energy physics, nuclear 
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An example of scintillator techniques which 
benefit from the development of 
photodetectors with many pixels in one 
package (such as the hybrid photodetector -
see page 8) is the end plug calorimeter 
upgrade for the CDF detector at Fermilab's 
Tevatron. Light from a mosaic of independent 
scintillator tiles is collected by embedded 
wavelength-shifting fibres spliced to clear 
fibres which pipe the signal to accessible 
photodetectors. 

sc ience, ast rophys ics, and medica l 
inst rumentat ion. 

The p rog ramme w a s organ ized 
around plenary sess ions on major 
categor ies, supp lemented wi th poster 
sess ions, wi th more than 90 
contr ibut ions spread over f ive days. 
An exhibi t ion of related products by 
compan ies t r iggered interest ing 
d iscuss ions. Compan ies a lso 
reported on their most recent 
deve lopments . The proceed ings of 
the conference can be found in NIM 
A 387 (1997). 

Nobel pr ize-winning physic ist 
Georges Charpak of C E R N chai red 
the initial sess ion. In his open ing 
remarks, he reminded part ic ipants of 
the human benefi t of photon imaging 
and of scient ists ' ethical obl igat ions 
regarding rapid t ransfer of new ideas 
and new technolog ies to the f ield of 
medica l imaging. 

A m o s Breskin of the W e i z m a n n 
Institute gave the initial talk, an 
excel lent review of photon detect ion 
ent i t led "Photon Detectors for the 
21st Century," that set the s tage for 
the conference by provid ing an 
overv iew of where the f ield s tands 
now, descr ib ing ongo ing research, 
and analys ing future d i rect ions for 
the next decade . 

T h e si tuat ion in as t ronomy w a s 
rev iewed by L. V igroux ( C E A / D S M / 
DAPNIA) where an ent irely new 
generat ion of detectors has been 
deve loped . In both f ie lds, the present 
state of f lux and deve lopment is 
unprecedented ; new dev ices and 
new techn iques are a lmost an annua l 
occur rence. 

Because of their di f fer ing 
sensit iv i t ies and character is t ics, 
photodetectors are f requent ly 
c lassi f ied into three groups: v a c u u m 
dev ices, gaseous photodetectors , 
and sol id-state dev ices. The 
conference encompassed signi f icant 
new deve lopments in all three cat­

egor ies wi th substant ia l contr ibut ions 
in both the appl ied domain and in 
basic research. 

For vacuum devices, the 
contr ibut ions showed a t rend toward 
posi t ion-sensi t ive detectors. These 
dev ices are used in medical and 
scienti f ic imaging appl icat ions and for 
readout of detectors produc ing light 
in f ibres or f ibre bundles. Most 
promis ing has been the deve lopment 
of hybr id dev ices (see page 8) in 
wh ich the ent rance w indow and 
photocathode are as in a normal 
photo tube, but the dynode mult ipl ier 
s tages are replaced by a si l icon 
d iode detector. Direct photoelect ron 
bombardmen t produces the 
electronic s ignal . The most signi f icant 
advantages of the hybrid approach 
are gain stabil i ty, potent ial for 
p ixel izat ion, insensit ivi ty to magnet ic 
f ie lds, response uniformity, and 
photon count ing capabi l i ty. 

A lso reported were signif icant 
advances in mesh dynode 
photomult ip l ier tubes for use in 
magnet ic f ields or posi t ion-sensi t ive 
appl icat ions. Born only about 10 
years ago, mesh dynode dev ices 
have seen very rapid implementat ion 
by the high energy physics 
communi ty . The advancements 
presented at the conference 
concerned signif icant decreases in 
crosstalk, or the amount of s ignal 
f rom one opt ical pixel that 
inadvertent ly shows up on adjacent 
electronic pixels. 

Overa l l , six groups reported use or 
p lanned use of posi t ion-sensi t ive 
phototubes or hybrid photod iodes: 
C D F Calor imeter Upgrade (M. 
L indgren, UCLA) , H1 Forward 
Spect rometer (K. Hiller, DESY) , 
DELPHI Shashl ik Calor imeter (M. 
Bonesin i , INFN Milan), C M S Hadron 
Calor imeter (J. E. Elias, Fermi lab, 
and P. C u s h m a n , Minnesota) , LHC-B 
r ing- imaging cherenkov detector (D. 

Websda le , Imperial Col lege, and J . 
Seguinot , Col lege de France), 
medica l g a m m a - c a m e r a s (D. 
Puerto las, INFN Rome) . 

Gaseous detectors are based on 
photoconvers ion and subsequent 
charge mult ip l icat ion in a gas. 
Frequent ly , large-area appl icat ions 
are invo lved, as no other techn ique is 
cost compet i t ive for square metres of 
coverage . Physics appl icat ions for 
cherenkov ring imaging and medical 
appl icat ions for g a m m a ray imaging 
have a basic requi rement in c o m m o n 
- both need good eff ic iency for 
photons in the blue and ultraviolet 
region. S ince most photocathode 
mater ia ls can only funct ion in 
v a c u u m , the "holy grai l" for gaseous 
detectors has been a room-
tempera tu re photosensi t ive vapour or 
an air-stable photocathode that can 
be appl ied like paint or wal lpaper. 

Recent ly , ces ium iodide has been 
ident i f ied as the leading candidate in 
the latter category. Progress in 
photodetectors wi th gaseous 
ampl i f icat ion (J. Va 'v ra , SLAC) and 
contr ibut ions by very careful and 
ski l led g roups (J. Fr iese for H A D E S , 
M. Staric for H E R A - B , and C. 
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Superimposed on a coin is this 8-element 
linear 1 mm diameter photodetector array for a 
Visible Light Photon Counter (VLPC) for the 
upgrade of the DO experiment at Fermilab's 
Tevatron with scintillating fibre tracker readout 
and one VLPC pixel per fibre in the tracker. 
With high quantum efficiency and low noise, 
this enables single fibre readout at very low 
light levels. 

• H T 

Coluzza for RD26 at C E R N ) indicate 
that subt le issues regard ing 
interact ions be tween sur face qual i ty, 
microcrystal structure and quan tum 
eff ic iency are in need of fur ther 
invest igat ion. Given that ces ium 
iodide techno logy is a lso an 
innovat ion of the last decade , the 
indicat ions are favourab le for 
deve lopment of large-area 
photocathodes. 

The search for new organic UV-
sensi t ive vapours w a s rev iewed by P. 
Mine of L P N H E , wi th the most 
promis ing results coming f rom a 
c lass of fer rocene der ivat ives. 
Progress in sol id state 
photodetectors has been even more 
dramat ic . Ava lanche photod iodes 
(APDs) have c o m e of age, two 
entirely new structures have been 
invented, and first results on 
compound semiconductor detectors 
have emerged . Nine contr ibut ions 
addressed different aspects of the 
modern A P D , wi th the impetus 
coming f rom the readout require­
ments for the C E R N LHC env i ron­
ment. A n excel lent rev iew of the use 

of ava lanche photod iodes for part icle 
detect ion (J. P. Pansart , CEA Saclay) 
served as the introduct ion to the A P D 
sess ion. 

Visible light photon counters 
(VLPCs) are a new sol id state 
photodetector concept based on gain 
deve loped in band-gap impuri ty 
conduct ion structures. Original ly 
deve loped for night v is ion 
appl icat ions, this new var iant enab les 
the use of large scale scint i l lat ing 
f ibre detectors for part icle t rack ing. 
T h e combinat ion of high quan tum 
eff ic iency and very high single 
photoelect ron detect ion eff ic iency fits 
the requi rements exact ly. Very 
successfu l results f rom a f ibre 
t rack ing prototype readout wi th 3000 
V L P C s over many months of 
operat ion for the DZero upgrade at 
Fermi lab were presented (M. W a y n e , 
Notre Dame) . 

The other new sol id state 
photodetect ion structure is based on 
se l f -quenching ava lanches in a 
region of high electr ic f ie ld. Cal led 
M R S , for the metal-resist ive layer-
si l icon nature of the structure, the 

pr inciple is to conver t incident pho­
tons to e lect ron-hole pairs, al low the 
e lect rons to drift to the high field 
region, and quench the subsequent 
ava lanche by means of a resistive 
layer that prevents format ion of a 
spark. Aga in , these ideas are born of 
the last decade in response to the 
needs of part ic le accelerator col l iders 
and medica l imaging d iagnost ics. 

Advances reported at the 
con ference inc luded extensions into 
shor t -wave length sensit ivi ty and 
robustness against age ing under 
high i l luminat ion condi t ions. This 
techno logy is in its infancy wi th much 
promise for the future. 

The Beaune meet ing , the first 
modern con ference on advances in 
photodetectors , found itself de luged 
by recent technologica l progress. 
T h e past decade has seen far-
reaching innovat ions in photon 
detect ion and photon imaging. 
Sess ions at the meet ing effect ively 
comb ined review presentat ions wi th 
ta lks on cut t ing-edge research. 

Front ier topics are a lways 
cha l leng ing for their own sake, but an 
apprec ia t ion of the synergy with 
appl icat ions in medic ine is also 
emerged . Part ic ipants agreed that 
the next Conference , Beaune99 , 
wou ld see the deve lopment of even 
more signi f icant advances and the 
possibi l i ty of yet another radically 
new techn ique. 

by John Elias, Fermilab 
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O u r proprietary Melt Cast Process 

(MCP) for producing BSCCO 2212 

bulk material permits the manu­

facture of a wide variety of shapes. 

It also allows the integration of 

low resistance silver contacts and 

easy mechanical processing. 

HTS current leads based on 

M C P B S C C O rods and tubes 

from Hoechst are the first applica­

tion of ceramic superconductors 

in electrical power engineering 

with currents up to 10.000 A. 

A reduction of the heat load to 

the 4K level by more than a factor 

of 10 was achieved. This results 

in a significant reduction of the 

refrigeration costs and allows new 

innovative cooling concepts. 

Parts of up to 400 mm in 

length or diameter can also be 

used in applications in the field 

of magnetic shielding, current 

limiter s or others. 

If you are interested in further 
information, please contact: 

Hoechst A G 
attn. Dr. S. Gauss, 
Corporate Research 
& Technology, H T S L 
D-65926 Frankfurt, Germany 
Tel: (+49) 69 -305-166 54 
Fax: (+49) 69-305-164 36 
E-mail: hts@crt.hoechst.com 

/ÇJ^ U n i v e r s i t y o f 

w O x f o r d 

in association with St Hilda's College 

or Linacre College 

University Lecturership in Physics 
(Theoret ical Physics) 

Applications are invited for the above post, which is available from 
1 October 1998, from candidates with research interests in 
theoretical physics overlapping particle physics, astrophysics and 
cosmology. 

Under arrangements described in the further particulars the successful 
candidate may be offered either a tutorial fellowship at St Hilda's 
College, in which case the stipend will be on a scale £16,045 - £29,875 
with additional college emoluments for the tutorial appointment bringing 
the combined salary according to age up to £35,754, or a non-tutorial 
fellowship at Linacre College, in which case the stipend will be 
according to age on a scale £16,045 - £33,202. 

Further particulars (containing details of the duties and full range of 
emoluments and allowances attaching to both the university and the 
college posts) may be obtained from Mrs G Dancey, Theoretical 
Physics, 1 Keble Road, Oxford OX1 3NP, England. Tel: (44) (1865) 
273995, Fax (44) (1865) 273947. Email: G.Dancey1@physics.ox.ac.uk. 

Applications (8 copies except in the case of overseas candidates 
when only one is required) should be submitted to Mrs Dancey by 
17 April 1998. These should include a curriculum vitae, a list of 
publications, a brief statement of research interests/plans and 
teaching experience, and the names, addresses, telephone and 
fax numbers of three referees (not more than two from the same 
institution), who should be asked to write letters of reference to 
arrive by the same date. 

The University is an Equal Opportunities Employer. 

THE PHYSICS INSTITUTE AT 

BONN UNIVERSITY 

has a 

Professorship (C3) 

to be filled for the academic year 1999. 

The research activities of the Physics Institute currently include 
experiments in high energy particle physics at HERA (ZEUS), LEP 
(OPAL) and LHC (ATLAS), experiments of medium energy physics and 
synchrotron light at ELSA and MAMI as well as experiments on physics 
of the earth's atmosphere. 

Particularly adapted for this position are applicants who are interested in 
research at the electron-positron and proton-proton storage rings at 
CERN, are experienced in experimental high energy physics and in the 
development of novel detection techniques. 

The teaching duties will involve courses on particle physics, on 
experimental techniques and on courses for first and second year 
students who are not majoring in physics. 

The conditions of employment are described in § 49 of the North-Rhine-
Westphalia University Law. The University of Bonn particularly 
encourages applications from qualified women. Applications from 
handicapped individuals will also be given priority. 

Applications with the usual documents should be sent "before 31.03.1998 
to: 

Vorsitzender der 
Fachgruppe Physik/Astronomie 
Endenicher Allée 11-13 
53115 Bonn 

GERMANY 
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P h y s i c s m o n i t o r 

Stephen Hawking with schoolchildren during 
the COSMO-97 international workshop on 
particle physics in Ambleside in the English 
Lake District. His public lecture 'The Theory of 
Everything' attracted a large audience. 

Particle physics and 
the early Universe 

The spectacular progress of 
cosmology in recent years 

means that scient ists have to face a 
d i lemma. The comfor t of an in­
c reased unders tanding of the fo rma­
t ion of a complex Universe in the Big 
Bang has to be reconci led wi th an 
uncomfor tab le awareness that the 
Universe w e actual ly see is only a 
smal l f ract ion of all there is. The 
search for this miss ing 'dark matter ' 
is the major goals of con tempora ry 
physics. 

Theoret ica l and exper imenta l 
aspects of dark matter searches and 
part icle cosmo logy were the main 
focus of the C O S M O - 9 7 internat ional 
workshop on part icle phys ics and the 
early Universe. Held f rom 1 5 - 1 9 
Sep tember 1997 in Amb les ide in the 
beauti ful Engl ish Lake District, the 
meet ing (organized by Lancaster 
University) gathered s o m e 110 
part ic ipants f rom around the wor ld . 
Decipher ing the script for the Big 
Bang was the main theme. 

Inflation remains the only attract ive 
scenar io for expla in ing the puzz le of 
why the gross features of the cosmic 
mic rowave background radiat ion look 
the same in all d i rect ions. Inflation 
occurred as a brief per iod of ex­
t remely rapid expans ion a t iny 
fract ion of a second after the Big 
Bang. Dur ing this t ime the Universe 
st retched by over 40 orders of 
magn i tude and became near ly 
Eucl idean in the process. Th is 
beauti ful idea in t roduced 15 years 
ago by Alan Guth still lacks a ful ly 
sat isfactory part icle phys ics scenar io . 

Understandably , this doma in of 
research remains a lmost solely a 
theoret ical p layground. However this 

wil l change in the years to come wi th 
exper imenta l is ts now ser iously 
involved in mapp ing the sky up to the 
largest d is tances. 

Much progress is expected in 
sharpen ing f ine detai ls of 
i rregulari t ies in the cosmic mic rowave 
background radiat ion and in deep sky 
galaxy surveys. The emerg ing picture 
of mass distr ibut ion around the 
Universe wil l have direct impl icat ions 
for predict ions f rom inf lat ionary 
mode ls and will be used as a model 
discr iminator, as rev iewed by 
J . Fr ieman (Fermi lab), E. Kolb 
(Fermi lab) and D. Lyth (Lancaster) . 

Even present data can constra in 
some cosmolog ica l scenar ios. 
A. A lbrecht reported that approaches 
in wh ich large structures in the 
Universe have grown around 
topological defects, like cosmic 
str ings, are al ready inconsistent wi th 
observat ions. At the end of inf lat ion 
the Universe was very empty , co ld , 
and domina ted by an ' inf laton' wh ich 
subsequent ly decayed to give the 
part ic les w e know today. As a result 
the tempera ture j umped up again 
and the Universe " reheated" . 

Whi le the general idea is easy to 
sketch, the detai led theory is still 

mode l dependen t and often difficult 
to ana lyse. Comprehens ive reviews 
by A. L inde (Stanford) and L. Ko fman 
(Hawai i ) summar i zed the present 
s tatus. 

S o m e theor is ts boldly try to imagine 
what happened in the very first 
momen ts of the Universe 's history at 
the 'P lanck sca le ' where the known 
laws of phys ics c rumble . 

S tephen Hawk ing (with his 
Cambr idge student R. Bousso) 
exp lored the consequences of his no-
boundary approach , in part icular the 
product ion and subsequent possible 
evaporat ion of pr imordial black holes. 
(A. Liddle of Sussex ana lysed how 
such objects wou ld affect the 
subsequen t evolut ion of the 
Universe.) 

Others advoca te using superst r ing 
ideas to g l impse the evolut ion of the 
Universe dur ing the Planck era. 
R. Brustein (Ben Gurion) presented 
work wi th G. Venez iano (CERN) 
wh ich addresses the issue of the 
initial s ingular i ty in a so-cal led pre-
B ig -Bang approach . 

Supers t r ings are often c la imed to 
be the theory of every th ing, but they 
still lack unders tand ing of their 
fundamenta l structure. H.-P. Nil les 
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Graham Ross of Oxford suggests a scenario 
with several periods of inflation of the early 
Universe. 

(Munich) rev iewed the present ly 
much debated M(atr ix)- theory wh ich 
is supposed to shed a new light on 
the theory of superstr ings. He a rgued 
that robust cosmolog ica l parameters , 
l ike the age of the Universe, can 
constra in certain o therwise a l lowed 
predict ions f rom str ings. R. Gregory 
(Durham) cons idered topological 
defects result ing f rom superst r ings. 
R. Kal losh (Stanford) rev iewed a 
possible connect ion be tween black 
holes and superstr ings. 

A m o n g the other topics d iscussed 
relat ing to the part icle phys ics of the 
early Universe, J . Cl ine (McGil l) 
a rgued that if the observed 
asymmet ry be tween baryons and 
ant ibaryons is to be exp la ined by 
purely (supersymmetr ic) e lec t roweak 
effects, the mass of the Higgs 
part icle responsib le for e lec t roweak 
symmet ry breaking must be be low 
100 GeV, mak ing it access ib le at 
C E R N ' s LEP electron-posi t ron 
coll ider. 

T h e origin and subsequent 
evolut ion of pr imordial magnet ic 
f ields, still poorly unders tood, were 
d iscussed by K. Enqvist (Helsinki) 
and M. Shaposhn ikov (CERN) . 

G. Senjanovic ( ICTP Tr ieste) 
showed how the normal ly expected 
restorat ion of symmetr ies at h igh 
temperatures can be evaded in the 
presence of non-zero charge 
densi t ies. Th is could automat ica l ly 
so lve the domain and monopo le 
prob lems in cosmology. 

Another important t heme of the 
workshop was cosmolog ica l relics of 
the Big Bang, where the subject is 
more exper imenta l . Neutr ino 
osci l lat ions wou ld imply that 
neutr inos have mass and hence may 
contr ibute to dark matter. 

T h e first possible accelerator 
observat ion of neutr ino osci l lat ions 
f rom the Los A lamos L S N D 
exper iment , presented by R. Imlay 

(Louis iana State), wil l soon be 
cha l lenged (or conf i rmed) by the 
K A R M E N exper iment at the UK 
Rutherford Appleton Laboratory, 
accord ing to J . Kleinfeller (RAL), 
whi le Chorus and Nomad at C E R N , 
represented by J . Herin (Louvain) , 
are not sensi t ive to the LSND s ignal . 
K. Zuber (Dor tmund) rev iewed the 
prospects for neutr ino osci l lat ion 
searches. Evidence for such mix ing 
of neutr ino species f rom atmospher ic 
neutr ino and solar neutr inos 
observat ions is under l ined by the 
Japanese Super -Kamiokande 
detector (September 1997, page 25) . 

T h e present picture remains 
unclear, wi th the LSND, solar and 
a tmospher ic data implying different 
osci l lat ions, as rev iewed by 
D. Caldwel l (Santa Barbara). He 
argued that introducing a four th , 
steri le neutr ino wou ld help solve the 
confus ion. R. Mohapat ra (Maryland) 
rev iewed theoret ical scenar ios for 
neutr inos and conjectured that 
physics beyond convent ional Grand 
Unif ied Theor ies may be needed to 
explain the data. 

Inflation in Big Bang cosmology 
says that the Universe's mass 
densi ty is equal to the crit ical den ­

sity, just enough to make the Uni­
verse 's expans ion s low to zero at 
infinite t ime. Whi le "direct" 
observat ions current ly give the ratio 
to be about one-th i rd of the crit ical 
densi ty, large-scale f lows and cluster 
evolut ion tend to give higher va lues, 
c loser to wha t theo r i s t s ' favour, as 
rev iewed by J . Pr imack (Santa Cruz) . 

Measuremen ts of the 
concent ra t ions of light nuclei such as 
deuter ium and hel ium in the Universe 
f rom the theory of nucleosynthesis 
constra in the densi ty of convent ional 
matter (protons and neutrons) to be 
about 5 % of the crit ical densi ty. 
However , v is ible baryons in stars and 
galax ies account for less than 1 % . 
K. Freese (Michigan) a rgued that the 
"miss ing" baryons hide in very old 
stars - wh i te dwarves . S. Raby (Ohio 
State) p resented another exot ic 
possibi l i ty of co loured dark matter 
fo l lowing current ly hotly debated 
gauge-med ia ted SUSY-break ing 
models . 

T h e other 9 5 % of the total mass in 
the Universe is probably non-
baryonic and locked in s o m e yet 
und iscovered part ic les wh ich only 
interact weak ly . Such part ic les, 
known as W I M P s (Weakly Interact ing 
Mass ive Part icles) should be 
abundant in the Galact ic halo 
sur round ing us. O n e favour i te bet is 
that these will be the l ightest 
supersymmet r i c part ic les (LSP). 

Many l imits on the ex is tence of 
supersymmet r ic part ic les have come 
f rom LEP at C E R N and the Tevat ron 
at Fermi lab. Better l imits, or a 
d iscovery, shou ld come f rom the 
LHC, as rev iewed by S. Katsanevas 
(Lyon) and V. Barger (Wisconsin) . 
J . Ellis (CERN) comb ined exper imen­
tal data f rom LEP with cosmology to 
sharpen the l imits on the LSP. 
R. Arnowi t t (Texas A&M) and P. Nath 
(Northeastern) cons idered the W I M P 
in the context of supersymmetr ic 
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The chairman of COSMO-97, L Roszkowski 
(left) with D. Caldwell who will be organizing 
the next COSMO meeting (COSMO-98) at 
Asilomar, California. 

unif icat ion. The masses of 
superpar tners can be squeezed by 
col l ider searches f rom below, and 
increasingly accurate cosmolog ica l 
constra ints f rom above . 

Recent years have w i tnessed the 
growth of an impress ive exper imenta l 
p rog ramme to hunt for W I M P s . A n 
indirect way of search ing for W I M P 
signals is to look for energet ic 
neutr inos f rom the Sun (or the core of 
the Earth) f rom annihi lat ion of W I M P s 
gravi tat ional ly t rapped there. F. 
Halzen (Wisconsin) rev iewed such 
detect ion techn iques and descr ibed 
the A M A N D A project, a 1 km-cube 
neutr ino te lescope built into the ice at 
the South Pole. 

Direct searches look for a very faint 
energy deposi t (a few 
ki loelectronovolts) f rom W I M P 
scat ter ing. Due to the ext remely low 
event rate expected, ex t reme 
sensit iv i ty is required, a long wi th 
careful shie ld ing to reduce the 
background. Several detector 
mater ia ls are used and exper imenta l 
techn iques are improv ing, as 
rev iewed by N. Spooner (Sheff ield). 

More recently, ex t remely low 
tempera ture methods have been 
in t roduced to reduce heat noise. 
They were rev iewed by D. Bauer 
(Santa Barbara) f rom the C D M S 

exper iment at Stanford using an 
innovat ive cryogenic techn ique. 

A n intr iguing signal was c la imed by 
D. Belli ( INFN Rome) f rom the D A M A 
exper iment with a heavi ly sh ie lded 
sod ium iodide crystal in the Italian 
Gran Sasso Laboratory. Th is 
exper iment sees a smal l annual 
change in the putat ive W I M P count 
rate, cor responding to what wou ld be 
expected due to the earth 's rotat ion 
a round the Sun and the Sun 's mot ion 
through the Milky Way . If this is real, 
it wil l be conf i rmed soon by the UK 
Dark Matter col laborat ion running in 
the Boulby Mine in Nor th-Eastern 
Eng land, descr ibed by T. Ali 
( Imper ia l , London) , and by C D M S . 

One bold proposal was presented 
by H.-V. K lapdor-Kle ingrothaus 
whose Heidelberg group is des ign ing 
the 1 tonne G E N I U S ge rman ium 
detector (December , page 19). 

C O S M O - 9 7 has init iated a ser ies of 
"Lancaster workshops" wh ich wil l be 
held year ly: Cal i fornia wil l host 
C O S M O - 9 8 , C O S M O - 9 9 will return 
to Europe and in 2000 the workshop 
will be held in Korea. 

From Leszek Roszkowski and Terry 
Sloan (Lancaster) 

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) 
Ilka Flegel, 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) 
A. Maki 

Lawrence Berkeley Laboratory, (USA) 
B. Feinberg 

Los Alamos National Laboratory, (USA) 
C. Hoffmann 

NIKHEF Laboratory, (Netherlands) 
Margriet van der Heijden 

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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Faculty Position 
Institute for Theoretical Physics 
State University of New York 
Stony Brook, N.Y. 11794-3840 

The Institute for Theoretical Physics at the State University of 
New York at Stony Brook will have an opening for a Full or 
Associate Professor beginning January, 1999. 

The Institute does comprehensive research in various fields of 
theoretical physics including, but not limited to, gauge field 
theory, the standard model of elementary particles, perturbative 
quantum chromodynamics, lattice field theory, supersymmetry, 
superstrings and statistical mechanics, condensed matter physics. 
It is also looking forward to expansion into mathematical 
biophysics. 

Review of applications will begin on June 15, 1998 and conti­
nue until the position is filled. 

Applicants should submit a curriculum vitae, a summary of 
current and proposed research and arrange to have three letters 
of recommendation sent to: 

email address: jobs@max.physics.sunysb.edu 

Professor Chen Ning Yang, Director or 
Professor Peter van Nieuwenhuizen, Deputy Director, 

. SUNY - Institute for Theoretical Physics, 
Box A, 
Stony Brook, N.Y 11794-3840. 

The State University is an Equal Opportunity/Affirmative Action 
employer. 
Qualified women and minorities are encouraged to apply. 

DEUTSCHES ELEKTRONEN 
SYNCHROTRON DESY 
DESY is one of the leading laboratories in particle 
physics and synchrotron radiation research. For its 
location in Zeuthen near Berlin DESY is offering a 

POSTDOCTORAL RESEARCH POSITION 
to young scientists to participate in the HERA-B experiment at HERA. 
The main goal of HERA-B is to study CP violation in decays of neutral 
B-mesons, one of the most interesting fields in modern elementary par­
ticle physics. 
To reduce the huge amount of data and to perform a pre-selection of 
events a multi-processor system (farm) with more than 100 nodes is 
currently under construction. 
The accepted candidate is expected to work on concept, installation, 
and administration of a multi-processor farm for the date acquisition and 
trigger system of the HERA-B experiment and on design and implemen­
tation of software for a distributed system. Furthermore, participation in 
the development of filter algorithms is possible. The position requires a 
high amount of motivation and reponsibility. 

A doctoral degree in physics or computer science is required. 

Applicants should be: 
- able to administrate Unix-Systems on AlX-workstations and 
especially Linux-PCs, 
- able to plan and install a network system based on standards, 
like Fast-Ethernet, 
- familiar with C, C++, and Fortran. „ 
- Knowledge of IP-programming is desirable. 
Experiences with high energy physics experiments is of advantage. 
The position is limited to a duration of 3 years. The salary will be accord­
ing to the German civil services BAT-O lia. 
Handicaped applicants will be given preferences to other applicants with 
the same qualification. 
DESY encourages especially women to apply. 

Interested young scientists should send their letter of application and 
three names of referees and their addresses by February, 27th, 1998 to: 

DESY Zeuthen, Personalabteilung 
Platanenallee 6,15738 Zeuthen, Tel.: 0049/33762/77210 

The ISTITUTO NAZIONALE Dl FISICA NUCLEARE - Sezione di Pisa (Italy) is seeding an: 

On-Site Computer and Software System Manager 
V I R G O is an Italian-French project of a large interferometer intended to detect gravitational waves. This interferometer is being built 
at Cascina near Pisa and involves about 150 researchers among 11 Italian and French laboratories. The first part is planned to be integrated 
early 1998 and full operation is foreseen in 2002. 

Job Description: on-site computer and software system manager. 

Functions: responsible for the on-site operation of the whole computer and software system of VIRGO. 
The selected candidate will actively participate to the initial on-site integration of the computer and software system and is expected to play a 
key-role in its subsequent and future development. 
Experience and education: the candidate will possess a University Degree in computer sciences or engineering or physics and a substantial 
experience in the operation of large and complex computer systems in a scientific environment. 
He/She will be well aware and will possess experience in modern software development methodologies. 
He/She will be fluent in English. Good knowledge of Italian and French will be an advantage. 

Working place: Cascina near Pisa (Italy). 
Contract: a 2 years contract will be offered with possibility of extension. The career path will be determined according to the experience and to 
the level of the functions performed. 
Candidates are invited to send a curriculum vitae in which is pointed out the respondence to the above requirements. Please send C.V. 
preferably within February 20, 1998 to the following address: Istituto Nazionale di Fisica Nucleare, Via Livornese n. 1291 - 56010 S. Piero 
a Grado (Pisa) Italy. Attn. Ms. Claudia Tofani. 
I.N.F.N, will get in touch with all screened candidates for an interview. 

I.N.F.N, is now announcing that within a few months a notice of competition will be issued in order to seek the following position, for which 
advertisements will be published on Italian local and national newspapers. 
Job Description: electronics technician. 
Functions: assistant to the system manager for the operation and maintenance of the computer networks. He/She will also provide assistance 
for the computer system and electronics integration. 
Experience and education: the candidate will possess a technician degree in electronics or computer techniques and will have a few years of 
professional experience. 
He/She will have a good knowledge of English. Knowledge of French will be an advantage. 
Working place: Cascina near Pisa (Italy). 
Contract: a 2 years contract will be offered with possibility of extension. The career path will be determined according to the experience and to 
the level of the functions performed. 

For any information: tel. (39) 50 880352 - fax (39) 50 880350 - e-mail: claudia@galileo.pi.infn.it 
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People and 
things 

Bookshelf 

Weak Neutral Currents - The 
Discovery of the Electro-Weak Force, 
edited by David B. Cline, Addison 
Wesley (Frontiers of Physics Series), 
ISBN 0-201-93347-0 

Add ison Wes ley 's Front iers of 
Physics Ser ies began in 1 9 6 1 , and 
David Cl ine's antho logy on w e a k 
neutral currents is the 97th vo lume in 
the ser ies. 'Front iers ' books usual ly 
make extensive use of lecture notes 
or reprints, and Cl ine 's vo lume takes 
the latter route. It is d iv ided into 9 
chapters : The W e a k Interact ion 
Uncovered ; Forty Years of W e a k 
Interact ions; The Search for Other 
Forms of W e a k Interact ion; The 
Elect roweak Interact ion Picture 
Emerges ; The Discovery of W e a k 
Neutral Currents; Other W e a k -
Neutral Current Processes, Parity 
Violat ion in W e a k Neutral Currents , 
and s i n 2 q w ; On to the W and Z 
Part ic les; High Precis ion Stud ies of 
the Elect roweak Force; Back to the 
Future wi th the Higgs Boson . 

Apar t f rom the first, wh ich is an 
introduct ion, each chapter has a 
useful introduct ion by neutral current 
enthusiast Cl ine (see November 
1997, page 18) and inc ludes severa l 
reprints. As wel l as predic table 
classic papers, the col lect ion 
inc ludes some gems , notably the 
historic but rarely seen March 1976 
proposal by Car lo Rubbia , Peter 
Mcln tyre and Cl ine to bui ld a pro ton-
ant iproton col l ider to search for the W 
and Z part ic les, and a Peter Higgs 
paper g iven at a 1993 Santa Mon ica 
meet ing wh ich takes the lid off the 
eponymous mechan i sm. 

I found it very useful . 
GF 

Books received 

Future High Energy Colliders, Editor 
Zohreh Parsa, AIP Conference 
Proceedings 397, ISBN 1-56396-
729-4 

Proceedings of a meet ing held in 
Santa Barbara in October 1996 (see 
March 1997 issue of the C E R N 
Courier, page 16). 

The Interpretation of Quantum 
Mechanics and the Measurement 
Process, by Peter Mittelstaedt, 
Cambridge University Press 0 521 
55445 4 £30/$44.95 

A vo lume of interest to the more 
phi losophical ly minded on how to live 
wi th the measurement d i lemmas 
in t roduced by the or thodox 
interpretat ion of quan tum theory. 

CERN Council 

At the meeting of CERN's governing 
body, Council, in December, Luciano 
Maiani was elected the next Director 
General of the Organization, to take 
office on 1 January 1999, when the 
current Director General, Chris 
Llewellyn Smith, will have completed 
his five year mandate. A 
distinguished theorist, Luciano 
Maiani is currently President of the 
Italian INFN and has been President 
of CERN Council since January 
1997. 
At the same meeting, leading 

German science administrator and 
head of Germany's CERN delegation 
Hans C. Eschelbacher was elected 
President of CERN Council for an 
initial period of one year from 1 
January 1998, replacing Luciano 
Maiani. Fernando Aldana of Spain 
was elected Vice-President of Coun­
cil for one year, while Fernando Bello 
of Portugal was appointed Chairman 
of the Finance Committee and Leif 
Westgaard of Norway was elected 
Vice-Chairman of the Finance Com­
mittee, for the same one-year period. 

Lev Okun honoured 

A foundation set up by philanthropist 
George Soros honoured Russian 
theorist Lev Okun of Moscow's 
Institute of Theoretical and 
Experimental Physics with a special 
humanitarian award at a ceremony at 
S LAC, Stanford, on December 11. 

Russian theorist Lev Okun (right) of Moscow's 
Institute of Theoretical and Experimental 
Physics was honoured with a special humani­
tarian award from a foundation set up by 
George Soros at a ceremony at SLAC, 
Stanford, on December 11. SLAC Associate 
Director Sidney Drell (left) presented the 
award on behalf of George Soros. 
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Moscow's Institute of theoretical and 
Experimental Physics (ITEP) recently 
celebrated the 75th birthday of eminent 
nuclear and particle theorist Karen Ter-
Martirosyan. 

With the award is a cash prize of 
$25,000. The award from The Open 
Society, created by Soros in 1992 to 
help the most talented scientists of 
the Former Soviet Union through 
their economic and political transition 
without having to leave their work or 
their country, recognizes Okun's 
"dedication and selfless devotion to 
the cause of Russian scientists". 
SLAC Associate Director Sidney 
Drell presented the award on behalf 
of George Soros. "The battle to save 
Russian science goes on and I can 
tell you no one has worked harder 
than Lev Okun," he said. The CERN 
Courier, which has long benefited 
from Okun's wisdom, adds its 
congratulations for a particularly 
merited award. 

Austron OK? 

The Austron high flux pulsed neutron 
source has been recommended as 
fundamentally suitable as a major 
scientific facility by a European 
Science Foundation panel. 

Sited in Austria, the Austron would 
cover experiments in materials 
science, physics, chemistry, and 
biology. Accelerating light ions as 
well as protons, it would also support 
cancer therapy and research work. 

Based on a proton machine 
producing neutrons by spallation, the 
3000 million schilling (270 million 
Swiss francs) facility would be funded 
2:1 by the European Commission 
and Austria. The home country, 
eager to have an international centre, 
has indicated its willingness to 
support the project. 

It remains now to clarify Austron's 
complementarity to a planned 
German research reactor and to the 
new SINQ continuous neutron source 
at the Swiss PSI laboratory (March 
1997, page 2). 

Development work for the Austron 
has been centred at CERN on the 
machine side and in Vienna for the 
targets and experiments. 

On people 

A recent seminar at Moscow's 
Institute of theoretical and 
Experimental Physics (ITEP) marked 
the 75th birthday of eminent nuclear 
and particle theorist Karen Ter-
Martirosyan. From his teachers 
Yakov Frenkel and Lev Landau he 
inherited wide interests and a brilliant 
intuition. His accomplishments range 
from the theory of Coulomb excitation 
of nuclei, to the integral equation for 
the three-body problem (subse­
quently generalized by Faddeev), to 
field theory renormalization, to high 
energy strong interaction theory. He 
created a famous school, the first 
student being Vladimir Gribov. His list 
of disciples also includes A. Ansel'm, 
Yu. Simonov, A Kaidalov, 
A. Polyakov, A. Migdal, 
A. Zamolodchikov,....... Their greet­
ings from all over the world joined the 

warmest wishes of ITEP colleagues 
and students from Moscow's Institute 
of Physics and Technology, where 
Ter-Martirosyan founded and headed 
for 35 years the Chair of Elementary 
Particle Physics. 

David Schramm 1945 - 97 

Prominent astrophysicist David 
Schramm died on 19 December 
while piloting his airplane. A gentle 
giant, he came very near to 
representing the US in wrestling in 
the 1968 Olympics, but was soft 
spoken, using intellectual power, 
rather than physical, to advance his 
scientific arguments. 

A product of William Fowler's 
school at Caltech, he was naturally 
drawn towards nucleosynthesis and 
became a leading proponent of the 
astrophysical implications of Big 
Bang ideas. He stressed the cosmic 
distributions of light nuclei in general 
as tracers of the early Universe, and 
in particular the significance of 
deuterium as a 'baryometer' of 
cosmic processes, implying the 
existence of exotic dark matter. With 
Jim Gunn and Gary Steigman in 
1977, he used astrophysical helium 
measurements to provide a limit to 
the number of lightweight neutrino 
species, work refined in the late 
1980s in time for LEP's 1989 
demonstration that there are only 
three such particles. 

Schramm was a personification of 
the symbiosis between particle 
physics and cosmology and was a 
frequent visitor to accelerator 
laboratories, where his objective 
seminars were widely appreciated. 

In 1974 he moved to Chicago, and 
his influence helped introduce 
cosmology and astrophysics 
research at nearby Fermilab. 

His physical and intellectual stature 
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Kalervo Laurikainen 1916-97 

made him a natural centre of attrac­
tion at major meetings. A gifted 
communicator as well as a scientist, 
his talks and papers enabled many 
particle physicists to learn about 
cosmology and astrophysics. He 
wrote several popular books - The 
Shadows of Creation', with Michael 
Riordan, and 'From Quarks to the 
Cosmos' with Leon Lederman. 

Kalervo Laurikainen 1916-97 

Distinguished Finnish physicist 
Kalervo Laurikainen died on 13 July 
after a long illness. Laurikainen was 
a founding father of theoretical 
physics, nuclear physics, high energy 
physics and history and philosophy of 
physics in Finland. In recent years he 
became a central figure in promoting 
the cultural and spiritual significance 
of science rather than the technical 
or commercial aspects of 
fundamental research. 

After his military duty was extended 
by the Second World War, 
Laurikainen worked at Helsinki and 
Turku in Finland, and Zurich, Lund 

and Copenhagen. In 1960 he be­
came the chair professor of nuclear 
physics at the University of Helsinki 
(later known as the Department of 
High Energy Physics). It was 
Laurikainen who built contacts to the 
Joint Institute of Nuclear Research 
(JINR) in Dubna and to CERN and it 
was due to his efforts that the Re­
search Institute of Theoretical Phys­
ics, the Computing Bureau for Phys­
ics and experimental high energy 
physics were established in Finland. 

Until his death, Laurikainen actively 
pursued a fresh career in philosophy, 
organized conferences and published 
books on the Copenhagen 
interpretation of quantum mechanics 
and on the correspondence of 
Wolfgang Paul! with Markus Fierz. 

From Risto Orava 

Joseph Bal lam 1917-97 

Joseph Ballam, Emeritus Professor 
and long-time Associate Director for 
the Research Division at the Stanford 
Linear Accelerator Center (SLAC) 
died on December 14 of 
emphysema-related complications. 
He was 80 years old. 

He worked for the US Navy's 
Bureau of Ships during World War II 
and subsequently earned his PhD at 
Berkeley in 1951 for studies on 
cosmic rays. After working at 
Princeton and Michigan State, he 
joined SLAC at its inception in 1961, 
becoming its first Research Director 
two years later. During his lengthy 
tenure at SLAC, Ballam oversaw the 
efforts of some 300 physicists, 
engineers and technicians involved in 
the construction of major scientific 
instruments and analysis of the 
experimental data. He also led an 
experimental programme that built a 
rapid-cycling bubble chamber and 

matched it to the SLAC electron 
beam. This configuration extended 
by an order of magnitude the data 
flow available to physicists at many 
participating institutions. Ballam 
received a Guggenheim Fellowship, 
was a visiting scholar at Imperial 
College, London, the Ecole 
Polytechnique*Paris, and Columbia. 
He served on many committees for 
the US Department of Energy. 

Throughout his long and productive 
life, Joe, as he was known to one 
and all, was esteemed for his acute 
intellect, kindness, and wisdom, as 
well as his steady and considered 
judgement. Although he often had to 
disappoint researchers who were 
vying for limited access to the SLAC 
accelerator, they always trusted that 
his decisions were wise and fair. He 
was a friend to all, and was always 
ready to provide whatever help and 
counsel that he could, both on a 
personal and a professional basis. 
He will be truly missed. 

Wolfgang K. H. Panofsky 

Hajime Ishimaru 1940 - 97 

World renowned ultra-high vacuum 
expert Hajime Ishimaru died on 6 
October 1997. 

He pioneered the development of 
all the aluminium ultra-high vacuum 
materials for the successful 
TRISTAN electron-positron collider at 
the Japanese KEK laboratory. He 
studied nuclear physics and plasma 
physics at Hokkaido, Tohoku and 
Nagoya, and received one doctorate 
from Nagoya for his research on 
plasma physics and another from 
Tokyo for work on vacuum 
feedthrough in ultra-high vacuum and 
cryogenic environments. 

After working on plasma and 
molecular beams for several years as 
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Hajime Ishimaru 1940 - 97 

a Tokyo research associate, he 
joined KEK in 1972 and went on to 
make distinguished contributions to 
all the KEK accelerators, particularly 
their vacuum systems. 

His monumental contribution to the 
all-aluminium TRISTAN vacuum 
system was the result of his expertise 
and passion for invention. During the 
past 25 years at KEK, he made many 
inventions in the field of ultra-high 
vacuum, with about 40 registered 
patents and over 100 pending. 

He was also a technical consultant 
to numerous accelerator projects 
worldwide such as the Korean 
POSTECH 2 GeVsynchrotron 
radiation source, DAFNE at the 
Italian Frascati laboratory, the 
Taiwanese 1.5 GeV synchrotron 
(SRRC), Spring-8 in Japan, and the 
terminated American SSC main ring 
vacuum tube. He also served as a 
member of the editorial board for the 
British Journal "Vacuum". Dr. 
Ishimaru received numerous awards 
and honours, including recognition 

from the American Vacuum Society, 
the Vacuum Society of Japan, and 
the British Vacuum Society. 

His sudden death is an 
immeasurable loss not only to KEK 
but also to the world high energy 
community. His enchanting smile and 
generous heart are greatly missed. 

CERN retirements 

The end of 1997 marked the formal 
retirement of several prominent 
CERN staff members. 

Research physicist Alan Wetherell 
joined CERN in June 1959, and went 
on to participate in a series of early 
experiments by a group working at 
the then new Proton Synchrotron. 
After studies at the Serpukhov 
accelerator in Protvino in the late 
1960s and at the start-up of CERN's 
Intersecting Storage Rings in the 
early 1970s, Alan Wetherell became 
head of this group when Giuseppe 
Cocconi became a Director of CERN. 
The group became interested in 
weak interactions and joined with 
Klaus Winter to form the CHARM 
neutrino collaboration (CERN-
Hamburg-Amsterdam-Rome-
Moscow). Alan was appointed 
CERN's Experimental Physics 
Division Leader in 1981 and served 
for three and a half years. 
Subsequently he joined Ugo Amaldi 
and Jim Allaby in the Delphi 
collaboration at LEP, eventually 
taking responsibility for the hadron 
calorimeter which was mainly 
constructed under his guidance by a 
Russian team. His election as a 
Fellow of the UK Royal Society 
(FRS) signifies distinguished 
contributions to physics. 

Fritz Ferger - retiring after 39 years at CERN 

Having joined the laboratory in 
February 1959, Fritz Ferger's career 
at CERN lasted exactly 39 years. 
After studies in Stuttgart and 
Grenoble, he began at CERN in the 
Proton Synchrotron Accelerator 
Research Group under Arnold 
Schoch, where he soon became 
involved in development work for 
future storage rings. With the 
establishment of the Intersecting 
Storage Rings (ISR) Division in 1964, 
he was in charge of development and 
construction of power for the 
radiofrequency acceleration system. 
With the ISR operational in 1971, he 
became head of the ISR General 
Engineering Group, and in 1974 
Head of ISR Division, where he 
remained until 1982. In 1983 he 
became Head of CERN's new 
Technical Inspection and Safety 
Commission, and in 1986 Head of 
the new Technical Support Division. 
When he stepped down from this 
post in 1997, he had spent 23 years 
as a CERN Division Leader. 

At his retirement, he said If I wish 
to retain one single lesson, I would 
like to underline the importance and 
value of the existence of a dedicated 
group of inspired and enthusiastic 
physicists and engineers who explore 
what future accelerators and 
detectors should look like, what 
mechanisms and tools could be 
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During the visit of Hungarian President Arpad 
Goncz to CERN on 11 November, Michel Delia 
Negra explains the workings of the CMS 
experiment for CERN's LHC proton collider. 

Former S LAC Director Wolfgang ('Pief') 
Panofsky gave several seminars at CERN in 
November. 

invented, readied and employed to 
unlock the secrets of Nature'. 

Massimiliano Ferro-Luzzi took his 
Laurea at La Sapienza in Rome in 
Edoardo Amaldi's nuclear emulsion 
group, carrying out pioneer work on 
antiproton reactions using emulsions 
exposed to beams from the Bevatron 
at Berkeley. Moving to Berkeley, he 
spent three years in Alvarez' 
legendary group before joining 
CERN's Track Chamber division in 
1963. 

Prominent among many his bubble 
chamber experiments was the study 
of baryon resonances. At Berkeley 
Max played an important role in the 
discovery and elucidation of hyperon 
resonances, providing valuable input 
to the quark model. Max continued 
this research at CERN for over a 
decade, organizing several European 
collaborations studying kaon-nucleon 
collisions. These impressive results 
helped prepare the way for unitary 
symmetries. His career then turned 

from bubble chambers to electronic 
detectors, with tests on the first 
ICARUS prototype, the JETSET 
experiment at LEAR and the guid­
ance of the first steps of the DIRAC 
experiment at the PS. Max served 
as secretary of CERN's Research 
Board from 1984 to 1997. 

Intellectually strict, tempered by a 
degree of pragmatism in interpreting 
experiments, Max is a keen advocate 
of linguistic precision, has a highly 
individual view of the world and 
cultivates a scathing sense of 
humour. 

Meetings 

The 14th International HADRONS 
Conference, organized by the 
Bogolyubov Institute for Theoretical 
Physics, Ukraine Academy of 
Sciences, and dedicated to strong 
interaction at high energies (theory 
and experiment), will be held on the 
southern coast of the Crimea 
(Ukraine) from June 21-26. The 
coverage includes: large rapidity gap 
physics, polarization, spectoscopy 
and heavy flavours, collective 
properties of nuclear matter - with 
emphasis on future collider 
experiments - as well as advances in 
quantum field theory. Invited 
speakers include: V.Fadin, 
B.Gerasimov, W.Greiner, 
A.Kaidalov, B.Kopeliovich, L.Lipatov, 
U.Maor, N.Nikolaev, A.SIavnov, 
H.Stoecker. More information from: 
HADRONS, ITP, Kiev-143, Ukraine; 
fax: ++38 44 2665998; 
phone: ++ 38 44 2669123; 
E-mail: jenk@gluk.apc.org; http:// 
www.gluk. ape. org/hadrons 

The 8th European Symposium on 
Semiconductor Detector, to be held 
at SchloB Elmau, Germany from 
June 14 - 17, will cover new develop­
ments in the field of radiation detec­

tors. The conference programme 
covers particular detector concepts, 
readout electronics, device physics, 
detector technology, defects in base 
materials and devices and new 
applications for semiconductor 
detectors. Further information from 
the conference secretary: Irmgard 
Helfrich (Ms), MPI Halbleiterlabor, 
Paul-Gerhardt-Allee 42, 81245 
Munchen, Fax: 089/839400-11, 
e-mail: sds @ mpe-garching. mpg. de, 
WWW: http://www.hll. mpe-
garching. mpg. de/sds98 

The Xth International Symposium 
on Very High Energy Cosmic Ray 
Interactions will be held from July 12-
17 at the Laboratori Nazionali Del 
Gran Sasso, Assergi (Italy). 
Secretariat: E.Fantozzi, Laboratori 
Nazionali del Gran Sasso, 
INFN, 67010 Assergi (AQ) -
Italy Phone: +39-862-437236; 
Fax: +39-862-437570; 
E-mail: FANTOZZI @LNGS. INFN. IT 

WWW HTTP://WWW.LNGS.INFN.IT/ 

choosing "Meetings and Seminars" 
and "ISVHECRI98". 
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ce 

Max-Planck-Institut fur Physik 
(Werner-Heisenberg-Institut) 
Munchen, Germany 

We invite applications from recent Ph.D. graduates for 
two post-doctoral positions in 

Experimental High Energy Physics 

The initial appointments are made for two years with 
the possibility of renewal for up to a total period of five 
years. The positions are available now. 

Our group has been engaged in the design and construc­
tion of the HI-detector at HERA and is actively partici­
pating in the data taking and the analysis of the data 
with focus on testing QCD at low and high Q A 2. We are 
also engaged in the upgrading of the detector (liquid ar­
gon calorimeter and trigger, second level neural network 
trigger). 

We expect that the persons appointed will participate in 
exploiting the physics potential of the HI detector as well 
as in its maintenance, operation, and upgrade program. 

Candidates should submit a curriculum vitae and arrange 
to have three letters of recommendations sent directly 
via normal or electronic mail and as soon as possible to: 

Prof. G. Buschhorn 
Max-Planck-Institut fur Physik 
(Werner-Heisenberg-Institut) 
Fôhringer Ring 6 
D-80805 Munchen 
(email: gwb@mppmu.mpg.de) 

S T A F F P H Y S I C I S T 
The Ernest Orlando Lawrence Berkeley National Laboratory 
has an excellent opportunity for an innovative theoretical physi­
cist. Under the direction of the Head, Center for Beam Physics, 
you will organize analysis and computation in laser-plasma-beam 
physics, free electron lasers, radiation sources and optics. The 
selected candidate will support the CBP program, ensuring ad­
herence to environmental, health and safety regulations, and pub­
lish/present research results. Responsibilities will include 
collaborating with physicists, engineers and technical support 
teams and providing direction and guidance to related personnel. 

Requires a Ph.D. in Physics or equivalent and extensive, broad 
experience in laser-beam-plasma physics and radiation sources/ 
FELs. You must have a thorough knowledge of particle beams, 
lasers, plasmas, electromagnetic radiation and radiation sources/ 
interactions. A self-directed professional with excellent analyti­
cal, computational and communication skills is essential. 

Please e-mail resume with cover letter and Job# AFR5627/ 
J C E R N to: employment@LBL.gov or fax to: (510) 486-5870 
or mail to: Ernes t O r l a n d o Lawrence Berkeley National 
Labora tory , Staffing Office, Job# AFR5627/JCERN, One 
Cyclotron Road, MS 938A, Berkeley, CA 94720. Visit our 
web site at www.lbl.gov. Berkeley Lab is an equal opportunity 
employer committed to the development of a diverse workforce. 
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INPC98 

The 1998 International Nuclear 
Physics Conference (INPC) will be 
held from August 24 - 28 at 
UNESCO, Paris. 

This conference belongs to the 
series sponsored by the 
International Union of Pure and 
Applied Physics (IUPAP) held every 
three years. The last conferences 
were held in Beijing (1995), 
Wiesbaden (1992) and Sao-Paulo 
(1989). It will cover all areas of 
nuclear physics research and its 
applications with special emphasis 
on new directions and new opportuni­
ties. It will also celebrate the Centen­
nial of the discovery of radioactivity 
by Henri Becquerel, and of the first 

radioactive elements by Pierre and 
Marie Curie. Special emphasis will be 
placed on the impact of nuclear 
science on society. 

The Conference, with plenary, 
parallel and poster sessions, should 
give participants a broad vision of 
nuclear physics at the turn of the 
century. Speakers will emphasize 
concepts, recent developments, 
future progress and perspectives at 
the world level. Plenary talks 
should be understandable by 
physicists who are not specialists in a 
specific research domain. 
Specialized presentations will be held 
in parallel and poster sessions. 
Chairman is B. Frois (Saclay). 

Further information: Frederique 
Dykstra, Institut de Physique 
Nucléaire, 91406 Orsay Cedex 
(France), Tel: +33 (0) 1 69 15 73 18 
Fax: +33 (0) 1 69 15 44 75 or 64 70, 
e-mail: inpc98@in2p3.fr 
http://www-dapnia. cea. fr/lnpc98 

Expo travelogue 

With the Greek city of Thessaloniki 
acting as Europe's 1997 Cultural 
Capital, the Laboratory of Nuclear 
and Particle Physics of the Physics 
Department of the Aristotle University 
of Thessaloniki hosted CERN's new 

President of the UK Royal Society Sir Aaron 
Klug unveils a bust of P.M.S Blackett by Jacob 
Epstein in the Blackett Laboratory of London's 
Imperial College to mark the centenary of 
Blackett's birth. 

(Photo Nick Jackson, Blackett Publications) 

Michel Besse, centre, French Préfet de Région 
Rhône-Alpes (which includes the CERN site 
on French territory) hears an explanation from 
senior CERN physicist and at the time 
spokesman for the Delphi experiment, Daniel 
Treille (left). With them is Manfred Buhler-
Broglin, administrator of CERN's LHC project. 

Visiting Thessaloniki, Greece, from 25 
September to 30 November, CERN's new 
Travelling Exhibition was a major success. 

Travelling Exhibition. 
From 25 September to 30 

November the exhibition proved a 
major success, attracting some 
12,000 enthusiastic visitors, including 
some 8,000 from over 100 schools in 
Northern and Central Greece. 

After a spell at CERN in December, 
the exhibition packs its bags this year 
for a comprehensive tour of 
Scandinavia. Already booked are 
Heureka in Vantaa, Finland, from 12 
February to 22 March, Stockholm's 
Teknorama from 2 April to 31 May, 
Copenhagen's Experimentarium from 
24 September to 8 November and 
Oslo's Teknoteket from 19 November 
to January 1999. The summer 
schedule has yet to be concluded. 

Who needs Quarks and Higgs? 

This was the title of an exhibition in 
Vienna from 6 - 27 November 1997 
to mark the 150th anniversary of the 
Austrian Academy of Science, the 
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At the inauguration of the 'Who needs Quarks 
and Higgs?' expo in Vienna to mark the 150th 
anniversary of the Austrian Academy of 
Science. Left to right, exhibition organizer 
Meinhard Régler (Vienna), CERN Accelerator 
Director Kurt Hubner, and expo coordinators 
Ray Lewis (CERN) and Christian Gottfried 
(Vienna). 

main sponsor of particle physics 

research in Austria. Its aim was to 

publicize recent results and underline 

the relevance and achievements of 

this science, with the accent on 

Austria. 

An online connection to the WIRED 

system enabled presentation of 

actual electron-positron annihilations 

as seen by the Delphi experiment at 

CERN's LEP machine, and 'Schafft 

Wissen', a pioneer virtual reality 

scientific universe. CERN supported 

the exhibition by providing 

accelerator and detector modules, 

and a spark chamber showing the 

flux of cosmic rays. 

Above: At a special memorial meeting to mark 
the first anniversary of the death of the 
Pakistani theorist and Nobel Prizewinner 
Abdus Salam, the International Centre for 
Theoretical Physics, Trieste, which he founded 
in 1964, was renamed in his honour. The 
Centre is a major focus for the world theoreti­
cal physics community. 

Below: One of the guests of honour at the 
special Abdus Salam memorial meeting at the 
Abdus Salam International Centre for Theoreti­
cal Physics, Trieste, was Albanian President 
and theoretical physicist Rexhep Meidani 
(right), seen here with the centre's Director 
Miguel Virasoro. 

A recent symposium on particle physics and 
neural computation at Tel Aviv University 
marked the 60th birthday of distinguished 
theorist David Horn (left); with (centre) particle 
symmetry pioneer Yuval Ne'eman, past 
president of Tel Aviv University and founder of 
the School of Physics and Astronomy; and 
Gabriele Veneziano of CERN, whose 1968 
fruitful formulation of duality opened the way to 
new insights. Veneziano's talk at the sympo­
sium covered the evolution of duality in particle 
physics from the landmark 1967 Dolen-Horn-
Schmid paper to today's compelling multi­
dimensional string and 'brane' physics. 
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P e o p l e a n d t h i n g s 

A special symposium at Kaiserslautern 
recently marked the 60th birthday of theorist 
Werner Ruhl, who has also been a frequent 
visitor to CERN. 

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. 

At an unscheduled stop on the way from Oslo 
to the recent CERN Accelerator School (CAS) 
at Gjorik in Norway, Joel Le Duff of Orsay 
demonstrates how to change a bus fan belt 
under the watchful eye of CAS Leader Ted 
Wilson. As well as fixing fan belts, Joel is also 
the longitudinal dynamics mainstay of the 
school's team of lecturers. 

U N I V E R S I T Y O F B R I S T O L 

L e c t u r e s h i p i n E x p e r i m e n t a l E l e m e n t a r y 

P a r t i c l e P h y s i c s 

Applications are invited for the above tenured post in the 
H.H. Wills Physics Laboratory with effect from October, 1998. 
The particle physics group currently consists of 7 academic 
staff. The successful candidate will be expected to have a strong 
record of research in experimental particle physics, and to con­
tribute to the current activities of the group which include the 
ZEUS experiment at HERA, the BaBar experiment at SLAC, 
and the CMS experiment at the LHC. Further details of 
the group's programme can be found on W W W at http:// 
www.phy.bris.ac.uk/research/pppages/home.html. The success­
ful candidate will be expected to teach physics at both the un­
dergraduate and postgraduate levels. The appointment would 
normally be made on the Lecturer A scale. Fur further particu­
lars telephone +44 (117) 925 6450 (ansaphone after 5.00pm), 
minicom +44 (117) 928 8894, email: Recruitment@bris.ac.uk 
or write to Personnel Office, Senate House, University of 
Bristol, Tyndall Avenue, Bristol BS8 1TH, UK quoting ref­
erence 4522. Applications (in triplicate) should be sent to the 
same address and should include a curriculum vitae, statement 
of research interests and goals, and names and addresses of at 
least two academic referees. Closing date for applications is 
M a r c h 30th 1998. The University of Bristol is An Equal 
Opportunities Employer. 
Informal enquiries may be made to the head of the particle 
physics groups, Professor B. Foster, (Tel: +44 (117) 9288714, 
email: b.foster@bristol.ac.uk) H.H. Wills Physics Laboratory, 
University of Bristol, Tyndall Avenue, Bristol BS8 1TL, U.K. 

Uppsala University 
Faculty of Science and Technology 

The Department of Radiation Sciences, Uppsala University, invites ap­
plications for a senior lectureship, Ref no 422/98, in 

Experimental Nuclear Physics, 
with emphasis on Hadron Physics 

The lectureship is intended to strengthen the present research program 
on meson production in light ion collisions, using the WAS A multidetector 
system at the CELSIUS storage ring at the The Svedberg Laboratory 
(TSL) in Uppsala. TSL is a national facility for accelerator based re­
search in nuclear and particle physics. The holder of the position is ex­
pected to engage in the ongoing research program, and to initiate new 
research projects at CELSIUS. 
The position involves research and teaching to the same extent. The holder 
should also act as doctoral thesis adviser to graduate students involved in 
the research projects. 
The senior lectureship can eventually be promoted to a full professorship 
depending on the success in the work of the holder. 

Eligibility and Criteria for Ranking the Candidates 

To be eligible for the lectureship a candidate must hold a doctoral degree. 
Grounds for promotion are scientific and pedagogical proficiency, with 
equal emphasis on both. "Scientific proficiency" refers to the applicant's 
own research and "teaching proficiency" refers to teaching, supervision 
and production of teaching materials. 
For additional information about the position, consult Professor 
Bo Hôistad, e-mail bo.hoistad@tsl.uu.se, phone +46-18-4713857. 

Application 

Prospective canditates must contact Christina Lindberg at the office of 
the faculty in order to receive the full announcement with instructions 
how to apply. 
Please use fax +46-18-4711999 or e-mail christina.lindberg@uadm.uu.se. 
Applications must be received no later than April 1, 1998. 

THE UNIVERSITY IS AN EQUAL OPPORTUNITY EMPLOYER 
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D U K E U N I V E R S I T Y 

T E N U R E - T R A C K F A C U L T Y P O S I T I O N 

E X P E R I M E N T A L H I G H E N E R G Y P H Y S I C S 

The Duke University Department of Physics has 
an opening for a tenure-track Assistant Profes­
sor position in experimental high energy physics. 
The Duke research program is primarily focused 
on the CDF, OPAL and ATLAS experiments. 
F u t u r e act iv i t ies w i l l inc lude analysis of 
Tevatron Runs I and I I data, preparations of the 
C D F I I detector for Tevatron Run I I , and design 
and construction of the transit ion radiat ion 
tracker for ATLAS wi th eventual participation 
in experiments at the L H C . Applicants for this 
position should be capable of taking on major 
responsibilities in these experiments, and be 
committed to excellence in undergraduate and 
graduate teaching at Duke . The position is 
available starting September 1998. Immediate 
applications are requested. Please send resume 
and three letters of recommendation to: 

High Energy Physics Search Committee 
c/o Pat Hoyt, Physics Department 

Box 90305 
Duke University 

Durham, NC 27708-0305 
D u k e U n i v e r s i t y i s a n a f f i r m a t i v e a c t i o n / e q u a l oppor ­
t u n i t y e d u c a t o r a n d e m p l o y e r . 

E n g i n e e r i n g O p p o r t u n i t i e s a t 
B r o o k h a ? e n M a t i o n a l L a b o r a t o r y 

B r o o k h a v e n N a t i o n a l Laboratory , a m a j o r R & D faci l i ty has t w o 
cha l leng ing posi t ions avai lable w i t h i n the N a t i o n a l S y n c h r o t r o n 
L i g h t Source D e p a r t m e n t . 

E l e c t r i c a l E n g i n e e r 
P o s i t i o n requires a n M S E E degree a n d several years o f a p p l i c a b l e 
exper ience i n t h e des ign o f d iagnost ics h a r d w a r e a n d e lect ron ics . 
S t r o n g ana ly t i ca l b a c k g r o u n d i n c o n t r o l systems, b o t h a n a l o g a n d 
d i g i t a l , is h i g h l y d e s i r a b l e . R e s p o n s i b i l i t i e s w i l l i n c l u d e t h e 
i m p r o v e m e n t o f s y n c h r o t r o n l i g h t m o n i t o r s , b e a m p o s i t i o n 
m o n i t o r s a n d c o m p l e x o r b i t f e e d b a c k c o n t r o l systems u t i l i z e d 
i n t h e fac i l i t y ' s 8 0 0 M e V i n j e c t o r a n d s t o r a g e r i n g s . 
P O S I T I O N # D D 6 1 6 3 . 

P h y s i c i s t / E n g i n e e r 
W e c u r r e n t l y h a v e a p o s i t i o n a v a i l a b l e f o r a n A c c e l e r a t o r 
P h y s i c i s t / E n g i n e e r to w o r k o n t h e o p e r a t i o n a n d i m p r o v e m e n t o f 
t h e ex is t ing N S L S storage r ings . I m p o r t a n t areas o f w o r k i n c l u d e 
la t t ice m o d e l i n g , o r b i t c o n t r o l , i n j e c t i o n o p t i m i z a t i o n a n d s t u d y o f 
b e a m i n t e n s i t y l i m i t i n g effects. E x p e r i e n c e i n t h e d e v e l o p m e n t o f 
t h e re la ted h a r d w a r e a n d d i a g n o s t i c e q u i p m e n t is des i red , as w e l l as 
ski l l i n d e v e l o p i n g so f tware a p p l i c a t i o n p r o g r a m s . Y o u m u s t be ab le 
to w o r k i n d e p e n d e n t l y a n d b e p r o f i c i e n t i n c o o r d i n a t i n g act iv i t ies . 
P O S I T I O N # D D 4 5 1 2 . 

W e o f f e r a t t r a c t i v e sa la ry a n d b e n e f i t s p a c k a g e s a n d a n e x c i t i n g 
e n v i r o n m e n t t h a t is c o n d u c i v e t o p r o f e s s i o n a l g r o w t h . F o r c o n ­
s i d e r a t i o n , p lease f o r w a r d y o u r r e s u m e i n d i c a t i n g P o s i t i o n # , t o : 
D o n n a D o w l i n g , B r o o k h a v e n N a t i o n a l L a b o r a t o r y , A s s o c i a t e d 
U n i v e r s i t i e s , I n c . , H R D i v i s i o n , B l d g . 1 8 5 , P O B o x 5 0 0 0 , U p t o n , 
N Y 1 1 9 7 3 - 5 0 0 0 . F a x : ( 5 1 6 ) 3 4 4 - 7 1 7 0 , E m a i l : n c | g x 
d o w l i n g @ b n l . g o v . F o r t h e h e a r i n g d i s a b l e d : T D D I l 5 1 5 ] 
5 1 6 - 3 4 4 - 6 0 1 8 . B N L is a n e q u a l o p p o r t u n i t y —ÇK^_À 
e m p l o y e r c o m m i t t e d t o w o r k f o r c e d ivers i ty . Cj\ \ 

I J I I I ASSOCIATED UNIVERSITIES, INC, 

R e s e a r c h A s s o c i a t e P o s i t i o n 
H i g h e n e r g y P h y s i c s 

T h e O h i o S t a t e U n i v e r s i t y 
T h e E x p e r i m e n t a l H i g h E n e r g y P h y s i c s g r o u p 
a t t h e O h i o S t a t e U n i v e r s i t y i n v i t e s a p p l i c a t i o n s 
f o r a p o s t d o c t o r a l r e s e a r c h a s s o c i a t e p o s i t i o n 
w i t h o u r C L E O p r o g r a m a t C E S R . I n a d d i t i o n 
t o o u r o n g o i n g d a t a a n a l y s i s e f f o r t i n h e a v y 
f l a v o r p h y s i c s , w e a r e a l s o i n v o l v e d w i t h t h e 
C L E O I I I u p g r a d e p r o g r a m w h e r e w e h a v e 
m a j o r r e s p o n s i b i l i t i e s f o r t h e d e s i g n a n d 
i m p l e m e n t a t i o n o f t h e S i l i c o n V e r t e x D e t e c t o r 
a n d d a t a a c q u i s i t i o n s y s t e m . I n t e r e s t e d c a n ­
d i d a t e s s h o u l d s e n d a l e t t e r o f a p p l i c a t i o n , 
v i t a e , l i s t o f p u b l i c a t i o n s , a n d t h r e e l e t t e r s o f 
r e c o m m e n d a t i o n t o P r o f e s s o r K . K . G a n , T h e 
O h i o S t a t e U n i v e r s i t y , D e p a r t m e n t o f P h y s i c s , 
1 7 4 W e s t 1 8 t h A v e . , C o l u m b u s , O h 4 3 2 1 0 -
1 1 0 6 . The Ohio State University is an equal 
opportunity employer and we actively en­
courage applications from women and minority 
candidates. 

U N I V E R S I T Y O F U T A H 
T e n u r e T r a c k P o s i t i o n 

i n C o m p u t a t i o n a l A s t r o p h y s i c s 

The Depar tmen t of Physics at the Un i ve rs i t y of U t a h invi tes 
appl icat ions for an assistant or associate professor pos i t ion , to 
beg in i n the 1998-99 academic year, i n the area of computa ­
t iona l astrophysics. Preference w i l l be g i ven to candidates w i t h 
research experience i n a range of appl icat ions of computa t iona l 
methods to theoretical astrophysics and w h o have the potent ia l 
to deve lop col laborat ive research projects w i t h others i n the 
Depar tmen t and elsewhere i n the Univers i ty . The candidate 
w i l l be expected to p lay a major ro le i n the s t rengthening of 
educat ional p rograms i n compu ta t i ona l physics at the under ­
graduate and graduate level . The Un i ve rs i t y of U t a h has a n e w 
in te rd i sc ip l i na ry campus fac i l i t y d e v o t e d to advanced net­
w o r k i n g and h i g h per fo rmance compu ta t i on , w i t h a 64 node 
I B M SP and 60 node SGI O r i g i n 2000. 

Cand ida tes s h o u l d send a c u r r i c u l u m v i t ae a n d a l i s t 
of pub l i ca t ions a n d s h o u l d ar range to have three letters of 
recommendat ion sent. App l i ca t i ons shou ld be comple ted b y 
A p r i l 1,1998 a n d shou ld be sent to : 

F A C U L T Y 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 

115 S O U T H 1400 E A S T , R O O M 201 
U N I V E R S I T Y O F U T A H 

S A L T L A K E CITY, U T 84112-0830 

The U n i v e r s i t y o f U t a h is an A f f i r m a t i v e A c t i o n Equa l 
Oppo r tun i t y Employer. I t encourages appl icat ions f r o m w o m e n 
a n d m i n o r i t i e s a n d p r o v i d e s r e a s o n a b l e a c c o m m o d a t i o n s 
t o t h e k n o w n d i s a b i l i t i e s o f a p p l i c a n t s a n d e m p l o y e e s . 
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POSTDOCTORAL RESEARCH ASSOCIATES 
JUNIOR STAFF 

T h e N u c l e a r T h e o r y G r o u p i n t h e 
P h y s i c s D e p a r t m e n t a t B r o o k h a v e n 
N a t i o n a l L a b o r a t o r y e x p e c t s t o h a v e 
p o s i t i o n s a v a i l a b l e a t t h e P o s t d o c t o r a l 
R e s e a r c h A s s o c i a t e a n d / o r J u n i o r S t a f f 
l e v e l s . T h e i n i t i a l a p p o i n t m e n t s w o u l d 
b e g i n S e p t e m b e r 1 , 1 9 9 8 . T h e N u c l e a r 
T h e o r y G r o u p h a s a c t i v e p r o g r a m s i n t h e 
t h e o r y o f h e a v y i o n c o l l i s i o n s a t 
u l t r a r e l a t i v i s t i c e n e r g i e s a n d i n t h e 
s t r u c t u r e o f n u c l e a r p h y s i c s . A p p l i c a n t s 
s h o u l d s e n d a curriculum vitae i n c l u d i n g 
n a m e s a n d a d d r e s s e s o f t h r e e r e f e r e n c e s 
t o D r . R o b e r t D . P i s a r s k i , G r o u p L e a d e r , 
D e p a r t m e n t o f P h y s i c s , B l d g . 5 1 O A , 
B r o o k h a v e n N a t i o n a l L a b o r a t o r y , 
U p t o n , L o n g I s l a n d , N e w Y o r k 1 1 9 7 3 . 
B N L is a n e q u a l o p p o r t u n i t y e m p l o y e r 

• c o m m i t t e d t o w o r k f o r c e d i v e r s i t y . 

urn 
o u i 

BROOKHAVEN NATIONAL LABORATORY 
ASSOCIATED UNIVERSITIES, IMG. 

WWW, billow 

SUPERCONDUCTING MAGNET TECHNOLOGY 
ACCELERATOR PHYSICS 

TEXAS A&M UNIVERSITY 
POSTDOCTORAL RESEARCH POSITION 

Applications are invited for a post-doctoral position 
in superconducting magnet technology and 
accelerator physics. The accelerator research group 
at Texas A&M University is developing a 16 Tesla 
dual dipole for future hadron colliders, a 
superconducting magnet for oil well logging, and 
a stabilized cable using high temperature 
superconductor. 

Applicants should have a Ph.D. in physics or allied 
subject, and good knowledge of superconducting 
technology and/or accelerator physics. 

Interested persons should send a resume and 
arrange for three letters of reference to be sent to: 

Prof. Peter M. Mclntyre 
Department of Physics 
Texas A & M University 

College Station, TX 7 7 8 4 3 

Applications should be received by March 15, 
1998. Texas A&M University is an Affirmative 
Action/Equal Opportunity employer, committed 
to diversity. 

Darmstadt 

a laboratory for heavy Ion research offers 

Postdoctoral Positions in Accelerator Physics 

Applicants are invited to take part in one of the fields below 
- design and measurement of magnets for accelerators and 

experiments including development of field sensors and 
their electronics for field controlled power supplies 
(Ref. 61120-98.1) 

- development of the heavy ion synchrotron SIS for higher 
beam intensities and design studies for a new high current 
synchrotron/storage ring facility 
(Ref. 64600-98.2) 

- development of ECR ion sources for highly charged heavy ions 
(Ref. 64300-98.3). 

Applicants should have experience in the corresponding field. 

The appointments will be limited to 3 years with a possible 
extension to a maximum of 5 years. Applicants should not be 
older than 32 years. 

Women are especially encouraged to apply for these positions. 
Handicapped applicants will be giv^n preference to other 
applicants with the same qualification. 

Applications should be submitted not later than February 20, 
1998, to 

GESELLSCHAFT FUR SCHWERIONENFORSCHUNG MBH 
PERSONALABTEILUNG 
PLANCKSTR. 1 
64291 DARMSTADT 

DESY announces several 

DESY 
y ^ y "DESY-Fel lowships" 

for young scientists in experimental particle physics to 
participate in the research mainly with the HERA collider 
experiments H1 and ZEUS or with the fixed target expe­
riments HERA-B and HERMES. New fellows are selected 
twice a year in April and October. 

DESY Fellowships in experimental particle physics are 
awarded for a duration of two years with the possibility 
for prolongation by one additional year. 

The salary for the fellowship is determined according to 
tarifs applicable for public service work (lia MTV Ang.). 

Interested persons, who have recently completed their 
Ph.D. and who should be younger than 32 years are in­
vited to send their application including a résumé and the 
usual documents (curriculum vitae, list of publications, 
copies of university degrees) until 31 of March 1998 
to DESY, Personalabteilung - V2 -, NotkestraBe 85, 
D-22607 Hamburg. They should also arrange for three 
letters of reference to be sent until the same date to the 
address given above. 

Handicapped applicants with equal qualifications will be 
preferred. 

DESY encourages especially women to apply. 

As DESY has laboratories at two sites, in Hamburg and 
Zeuthen near Berlin, applicants may indicate at which 
location they would prefer to work. The salary in Zeuthen 
is determined according to II a, BAT-O. 
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Head 
Laboratory Services 
Fermi National Accelerator Laboratory (Fermilab), a renowned national laboratory dedicated to high energy 
physics research, has an exceptional professional opportunity available to lead one of its four major administrative 
service sections. 

The seasoned professional we seek will support the operational needs of the Laboratory through the management 
of our Accommodations, Employment and Travel, Equal Opportunity, Human Resources, Medical, and Visual Media 
service functions. Additional responsibilities will include conducting management studies; developing and assessing 
quality assurance procedures; evaluating project development efforts for the modification of new administrative 
service features; and serving as the corporate pension plan administrator. 

As a member of the Laboratory's management team and senior HR administrator, the qualified candidate will 
possess at least 10 years of relevant experience and the ability to interface with all levels of employees, U.S. 
Department of Energy (DOE) representatives, and stakeholders on a wide range of issues. Facility with modern 
management techniques, including team building, is also necessary. Some travel will be required. 

Operated by Universities Research Association, Inc. for the U.S. DOE, Fermilab is located 40 miles west of downtown 
Chicago and offers an attractive compensation package. For consideration, please send a resume to:*Employment 
Department/970157, Fermi National Accelerator Laboratory, P.O. Box 500, Batavia, IL 60510-0500, U.S.A. 
Principals only. No phone calls, please. To access Employment Opportunities at Fermilab and a complete description 
of this position, our URL is [http://fnalpubs.fnal.gov/employ/jobs.html]. EOE M/F/D/V. 

Fermilab 

L e c t u r e r i n E x p e r i m e n t a l 

P a r t i c l e P h y s i c s 

As part of a programme of expansion in particle physics, a permanent 
lecturer post will be available from September 1998. 

You would join a highly successful group, currently 25 members, 
including four academic staff, working on a research programme based 
on the ALEPH experiment at LEP, the BaBar experiment at SLAC and 
ATLAS at the LHC. We are also contributing to studies for a possible 
linear collider. You will be expected to participate in one of these 
projects and to contribute to the undergraduate and postgraduate 
teaching programmes of the Physics Department. Further expansion of 
the group is anticipated in the future and you will help in attracting 
support. Salary on Lecturer A Scale: £18,179 - £23,150 (including 
London Allowance). 

Further details about the group and its research programme can be 
found on the World Wide Web (http://www.hep.ph.rhbnc.ac.uk). 
Informal enquiries may be made to Professor M G Green, Physics 
Department, Royal Holloway, University of London, Egham, Surrey 
TW20 0EX; telephone +44 (0)1784 443454, fax +44 (0)1784 472794, 
email m.green@rhbnc.ac.uk 

Application forms and further particulars are available from the 
Personnel Office, Royal Holloway, University of London, Egham, 
Surrey TW20 0EX; telephone +44 (0)1784 443030, fax +44 (0)1784 
473527, email s.watson@rhbnc.ac.uk Please quote reference 
MHA/1353. 

Closing date for receipt of applications is 6th March 1998. 

We positively welcome applications from all sections of the community. 

U n i v e r s i t â t Z u r i c h 

The Faculty of Sciences (Philosophische Fakultàt II) of the Uni­
versity of Zurich invites applications for a faculty position in 

E x p e r i m e n t a l Phys ics 
Physics of Fundamenta l Systems 

at the Physics Institute. The appointment will be made at the as­
sociate (Extraordinarius) professor level. There is a preference 
for candidates working in a field of Fundamental Systems like 
Astroparticle Physics, Atomic Physics, Gravitation, Neutrino 
Physics or at the medium energy facilities of the Paul Scherrer 
Institute (PSI). Candidates should have demonstrated their abil­
ity to carry out independent research. The research topic should 
complement the activities of the existing particle physics groups 
working at DESY, CERN and PSI. 
The successful applicant is expected to participate in the teach­
ing of basic courses in general physics and of particle and nu­
clear physics. The requirements are pedagogical experience, the­
sis and Habilitation or an equivalent qualification. Applicants 
should send their curriculum vitae (publication list indicating the 
five most important publications, a short statement of research 
interests, research plan, and teaching experience) before March 
20, 1998 to the 
Dekan der Philosophischen Fakultàt II der Universitât Zurich, 
Prof. Dr. H. Haefner, Winterthurerstr. 190, CH-8057 Zurich. 
For further information please contact Prof. Dr. R. Engfer, phone 
+41 1 635 5720, fax + 41 1 635 5704. Suggestions for suitable 
candidates are welcome. 
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FEEL OF COMPACT! 
H e r e i s a f u l l - s c a l e f o l d - o u t d r a w i n g 

t o s h o w y o u j u s t h o w s m a l l a n d 

c o m p a c t o u r H P D ( H y b r i d P h o t o D e t e c t o r ) a c t u a l l y i s . 

T r y i t y o u r s e l f ! M a k e t h i s m o d e l 

w i t h y o u r o w n h a n d s a n d g e t a " f e e l " f o r h o w s m a l l 

t h i s d e v i c e r e a l l y i s ! 

R7110U-07 Typical Characteristics 
Gain Photoelectron Spectrum 
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C O M P A C T 

Output Variation in Magnetic Fields 
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A P D B I A S V O L T A G E (V) 

R7110U-07 : Si-Avalanche Diode Target Type 
R7100U-07 : Si-Diode Target Type 
Spectral Response : 160 to 850 nm 
Effective Area : 8 mm Dia. 
Supply Voltage : 8000 V Max. 
Weight : 13.8 g 
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M A G N E T I C F L U X D E N S I T Y (Tes la ) 
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U n i t e d K i n g d o m : H a m a m a t s u P h o t o n i c s U K L i m i t e d . T E L : ( 4 4 ) 1 8 1 - 3 6 7 - 3 5 6 0 F A X : ( 4 4 ) 1 8 1 - 3 6 7 - 6 3 8 4 
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