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F r o m W i n d i n g t o C r y o s t a t i n g : 
Y o u r p a r t n e r f o r m a g n e t e n g i n e e r i n g 

Winding of the superconductor at the coil end 

N o e l ! h a s b e e n d e v e l o p i n g , 
m a n u f a c t u r i n g a n d s u p p l y i n g s u p e r ­
c o n d u c t i n g p r o t o t y p e d i p o l e m a g n e t s 
f o r t h e L H C p a r t i c l e a c c e l e r a t o r i n 
G e n e v a s i n c e 1 9 9 0 . S e v e r a l p r o t o ­
t y p e s , w i t h a l e n g t h o f 1 0 m , h a v e 
a l r e a d y b e e n s u p p l i e d w h i c h f u l f i l l e d 
t h e e x p e c t a t i o n s o f t h e d e s i g n i n t e s t s 
p e r f o r m e d b y C E R N . 

F u r t h e r d e v e l o p m e n t s i n t h i s f i e l d 
i n c l u d e 1 5 m p r o t o t y p e s . T h e c o n s t r u c ­
t i o n o f p r o d u c t i o n l i n e s f o r t h e s e i s 
c u r r e n t l y i n p r e p a r a t i o n . A t t h e e n d 
o f 1 9 9 7 N o e l l w a s a b l e t o p r o v e i t s 
c o m p e t e n c e i n t h e m a n u f a c t u r e o f 

c o m p l e t e d i p o l e m a g n e t s f o r t h e L H C , 
w i t h t h e a s s e m b l y o f a c o l d m a s s t o 
f o r m a c o m p l e t e 1 5 m t e s t m a g n e t -
a p r o c e s s k n o w n a s c r y o s t a t i n g . 

N o e l l i s d e s i g n i n g a n d m a n u f a c ­
t u r i n g t h e t o o l s r e q u i r e d f o r p r o d u c ­
t i o n , e . g . a n u m e r i c a l l y c o n t r o l l e d 
w i n d i n g m a c h i n e , i t s e l f . I n t h e w i n d i n g 
p r o c e s s s h o w n , s p e c i a l l y t r a i n e d s t a f f 
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Forward vision at DESY 

ICFA Chairman and DESY Director Bjorn Wiik 
- bright future for particle physics 

(Photo Patrick Piel) 

At the DESY Laboratory in Hamburg, particle 
physics at the unique HERA 6.3 kilometre 
electron-proton collider alone has 1200 
researchers from 114 institutes in 25 countries. 
Some 800 of these come from outside 
Germany. 

(Photo P. Waloschek) 

With inter-regional collaboration 
increasingly becoming a reality, the 
role of the International Committee 
for Future Accelerators - ICFA, a 
unique forum for objective 
international exchange, becomes 
correspondingly more important 
ICFA Chairman and DESY Director 
Bj0rn Wiik points out that the 
indefatigable push for innovation 
which has always been such a strong 
feature of particle physics shows no 
signs of abating, despite economic 
pressures and changed physics 
horizons. A series of CERN Courier 
articles under ICFA patronage will 
project this forward vision as seen 
from major laboratories throughout 
the world. The first article looks at the 
DESY Laboratory in Hamburg. 

DESY, the Deutsches Elekt ronen 
Synchrot ron centre in Hamburg , 

has come a long way s ince the 
original 6 GeV electron mach ine 
began operat ion in 1964. Provid ing 
synchrot ron radiat ion as wel l as high 
energy beams, D E S Y now attracts 
more than 3000 users f rom 35 

countr ies. Particle physics at the 
unique H E R A 6.3 ki lometre e lect ron-
proton col l ider a lone has 1200 
researchers f rom 114 insti tutes in 25 
countr ies. S o m e 800 of these c o m e 
f rom outs ide Germany . 

1997 has been a very successfu l 
year for HERA. The coll ider, wh ich 
began operat ion in 1992, reached a 
peak luminosi ty of 1.4 x 1 0 3 1 per sq 
c m per s, and an integrated 
luminosi ty of some 36 inverse 
p icobarns (September 1997, page 
18) compared to the des ign va lues of 
1.5 x 1 0 3 1 and 35 respect ively. 

The major H1 and Zeus 
exper iments began 1997 in a b laze 
of publici ty with their unexpected 
y ie ld of w ide-ang le scat ter ings (Apri l , 
page 1). Thanks to a record number 
of HERA col l is ions, these 
exper iments col lected more data in 
1997 than in all previous years 
comb ined . Physicists are eager to 
see whether this harvest cont inues to 
reflect the initial abnormal t rend for 
w ide angle scat ter ings. However 
results reported last summer did not 
suggest that this wou ld be the case. 

To sett le this quest ion, however , 
wou ld require more luminosity, and 
an upgrade is now underway to 
increase the H E R A peak luminosi ty 
to 7 x 1 0 3 1 , f ive t imes its design 
va lue. Th is requires a redesign of the 
interact ion region to move the final 
focus proton quadrupo le magnet 
c loser to the interact ion regio and 
involves rather exot ic magnets . If 
fund ing can be secured this upgrade 
will take place in the 1999/2000 
shu tdown . 

The new H E R M E S exper iment , 
us ing longi tudinal ly polar ized 
e lect rons and a polar ized gas jet 
target, has benef i ted f rom 
polar izat ion levels reaching 6 0 % , 
giv ing a lso a record annual data 
y ie ld . 

The other major H E R A exper iment , 
H E R A - B , using the H E R A proton 
beam to produce B part ic les 
(conta in ing the fifth - beauty, or b, 
quark) is in its f inal s tages of 
instal lat ion and should begin 
commiss ion ing this year wi th data 
tak ing in 1999. Mach ine physic ists ' 
worr ies that H E R A - B wou ld perturb 
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F o r w a r d v i s i o n a t D E S Y 

DESY project p lanning agreement s igned 

On 19 March, representat ives of the ci ty of Hamburg and the 
ne ighbour ing German state of Schleswig-Holste in s igned an 
agreement cover ing p lanning requirements for the cons t ruc t ion 
and operat ion of a TESLA e lec t ron-pos i t ron linear col l ider for the 
DESY laboratory in Hamburg. The TESLA col l ider (October 1997 r 

page 12) w o u l d need a 33-ki lometre tunnel to house two 
15-ki lometre accelerators, one for e lectrons, the other for 
pos i t rons . 

Research and development work for electron-
positron linear colliders at DESY now focuses 
on the superconducting radiofrequency 
cavities (TESLA) approach, using L-band (1.3 
GHz) niobium cavities cooled by superflu id 
helium to 2 K. This shows a sketch of the 5 m 
diameter TESLA linac tunnel infrastructure. 

HERA 's e lect ron-proton col l is ion 
per fo rmance have turned out to be 
un founded. 

For the future, the H E R A electron 
v a c u u m sys tem is being improved to 
permit e lectron-proton col l is ions (all 
phys ics so far has been wi th 
posi t rons, due to electron beam 
l i fet ime prob lems) . Addi t ional 
rad iof requency power and an 
improved proton supply will a lso 
boost the col l is ion rate, whi le running 
the superconduct ing magne ts at 4 K 
rather than 4 .7K will a l low the proton 
beam to attain 900 G e V rather than 
the 820 G e V energy used so far. 
Indeed the H E R A magne ts have 
a l ready been ramped to sl ight ly 
above 1 T e V ( 1 0 0 0 GeV) . 

For the long range future two 
opt ions are now being exp lored, 
stor ing polar ized protons and heavy 
ions in the H E R A proton r ing. A 
conceptua l des ign s tudy has shown 
the feasibi l i ty of using polar ized 
protons in HERA, and an 
internat ional work ing group led by 
polar izat ion special ist A lan Kr isch of 
Mich igan in col laborat ion wi th the 
polar izat ion experts at D E S Y headed 
by D. Barber is looking into the 
suppress ion of depolar iz ing 
resonances using 'Siber ian snake ' 
magnets . The physics possibi l i t ies of 
polar ized e lect ron-proton col l is ions at 
H E R A col l ider energ ies were 
examined in a recent wo rkshop held 
at Zeu then (Berl in). 

A DESY/GSI (Darmstadt ) / 
Novosib i rsk col laborat ion is looking 
at the possibi l i t ies of stor ing nuclei in 
the H E R A superconduct ing r ing. A 
fo r thcoming physics workshop will 
explore the research potent ia l . 

On DESY 's tradit ional e lec t ron-
posi t ron front, h igher energ ies call for 
l inear col l iders to avoid the p rob lems 
of mass ive synchrot ron radiat ion 
losses. DESY, wi th the suppor t of a 

large internat ional col laborat ion, has 
been pushing design work for a 500 
G e V col l ider and a first Conceptua l 
Des ign Report was publ ished in the 
spr ing of 1997. After promis ing 
results last year with 
superconduct ing radiof requency 
cavi t ies (July 1997, page 1), the R&D 
effort now focuses on this (TESLA) 
route, using L-band (1.3 GHz) 
n iob ium cavi t ies cooled by superf lu id 
hel ium to 2 K. 

New manufactur ing techn iques will 
look at the possibi l i t ies of using 
cavi t ies spun or hydroformed f rom a 
s ingle piece of n iob ium, thereby 
avoid ing the per formance prob lems 
f rom welds . A we lcome benefi t of this 
techno logy is a substant ia l reduct ion 
in cost. Palmier i and his coworkers at 
the INFN nuclear physics laboratory 
in Legnaro have already produced 4 
and 5 cell chamber cavit ies by 
sp inn ing. 

At the test l inac now under 
construct ion electrons have been 

acce lera ted to 125 MeV cor respond­
ing to an accelerat ing gradient of 
16.7 M V / m . T w o further modu les will 
be instal led by late au tumn raising 
the e lectron energy to 400 MeV. This 
l inac, augmen ted by an 
rad io f requency photoinjector, two 
longi tudinal bunch compress ion 
sys tems and a high precis ion 
undulator wil l a lso be used to 
demons t ra te the product ion of 
in tense bursts of light by the S A S E 
(Self Ampl i f ied Spon taneous 
Emiss ion) me thod . 

In a second s tage the accelerator 
wil l be upgraded to energ ies above 1 
G e V by add ing further modu les 
incorporat ing the exper ience f rom the 
first s tudy. Th is l inac will then act as 
the dr iver of a S A S E free electron 
laser undulator y ie ld ing light in the 
v a c u u m ultraviolet region with 
unprecedented propert ies. 

As wel l as provid ing beams for high 
energy phys ics , this l inear mach ine, 
eventual ly up to 33 k i lometres long, 

2 CERN Courier, April 1998 



Simply plug and pump. 
Anytime. Anywhere. 

What could be easier than a turbopump 
package that simply plugs into your 
system ? 

• An integrated package, 50% smaller than 
competitive solutions. 

• A cost-effective unit: pumping system, 
electronics, cooling fan, inlet screen, 
and power cable, all in one. You save on 
connections and parts handling. 

• One installation point: no wires, no 
accessories needed. 

• Simple, yet flexible: Navigator's RS 232 
connection provides access to a highly 

advanced Windows control menu which 
allows you to tailor pump operation to 
a variety of demanding requirements. 

• Varian's patented MacroTorr design 
and the unbeatable reliability of ceramic 
bearings, and solid-state lubricants 
provide outstanding vacuum performance 
and reliability. It's an exceptionally clean, 
maintenance-free pump, ready for today's 
applications and tomorrow's challenges. 

Just plug it in and start pumping ! 
Let us help you make vacuum simple. 
Visit us at http://www.varian.com or 
call us today. 

Varian Vacuum Products 
Torino (Italy) 
Tel. (39) 11 9979111 

Varian Vacuum Products 
Lexington (USA) 
Tel. 1-800-8827426 

9001 S T E R E D 

Vacuum Made Simple varian® 

http://www.varian.com


F o r w a r d v i s i o n a t D E S Y 

More than 1900 experimenters now use 
synchrotron radiation facilities at DESY's 
HASYLAB. Synchrotron radiation is well suited 
to determine the electronic and geometrical 
structures of atoms and molecules, and has 
widespread applications. 

US forward 
look 

cou ld also dr ive an X-ray f ree elec­
t ron laser and del iver e lect rons to a 
pulse stretcher ring for nuc lear 
physics exper iments (the ELFE 
project) . DESY 's l inear col l ider 
deve lopment p rog ramme w a s s u m ­
mar ized in a previous art icle (October 
1997, page 12). ' 

As wel l as part icle phys ics, D E S Y 
has acqui red other str ings to its bow. 
Early in its history, D E S Y soon 
capi ta l ized on the t rend towards 
e lectron-posi t ron col l iders, f irst wi th 
the 9 GeV (4.5 GeV per beam) 
DORIS , commiss ioned in 1974 and 
subsequent ly upgraded to 11 GeV, 
and then PETRA, operat ing up to 47 
GeV. Exper iments exploi t ing 
synchrot ron radiat ion star ted at 
D E S Y in 1964 in paral lel wi th part icle 
phys ics exper iments and it w a s 
hence natural to exploit these 
s torage rings for their spinoff 
synchrot ron radiat ion. 

Th is burgeoned into a full research 
p rog ramme, and more than 1900 
exper imenters now using synchrot ron 
radiat ion facil i t ies at DESY 's 
H A S Y L A B (using DORIS , and in a 
parasit ic mode PETRA) comp lemen t 

the laboratory 's tradit ional part icle 
physics activity. Synchrot ron radia­
t ion is wel l sui ted to determine the 
electronic and geometr ica l s t ructures 
of a toms and molecules, wi th w ide­
spread appl icat ions in medic ine, sol id 
state physics, chemistry , 
crysta l lography, geosc ience, mater i ­
als sc ience and molecular biology. 

W o r k at D E S Y in this latter sphere 
is in c lose col laborat ion with the 
European Molecular Biology Centre 
(EMBL) , where DESY techno logy 
and infrastructure has p layed a vital 
role. In total some 700 biologists f rom 
all over Europe, including three Max 
Planck groups, use DESY faci l i t ies. 
Major advances using this 
synchrot ron radiat ion have come in 
non- invasive coronary ang iography, 
enzyme and semiconductor 
structure, etc. As wel l as being 
scientif ic advances in their own right, 
these studies provide DESY with a 
useful mult i -discipl inary a tmosphere 
and out look. 

DESY is poised for a graceful entry 
into the next century. 

To gu ide th ink ing, every few years 
the High Energy Physics 

Adv isory Panel (HEPAP) of the US 
Depar tment of Energy commiss ions 
a subpane l to help plan the emerg ing 
scenar io for US high energy physics. 
The latest such report is by a 
subpane l cha i rgd by Fred Gi lman of 
Carneg ie Mel lon. 

The prev ious such report, in 1994 
by a subpane l cha i red by Sid Drell of 
S L A C , had to face the si tuat ion in the 
US fo l lowing the demise of the US 
Superconduc t ing Supercol l ider in 
1993. The Drell report r ecommended 
that the US join the LHC project at 
C E R N to bui ld a proton col l ider in the 
27 k i lometre LEP tunnel . 

US invo lvement in this project is 
now assured , and w a s formal ly 
recognized by the s igning of an 
ag reemen t in Wash ing ton last 
December (January, page 1). 

T h e f inancial and intel lectual scale 
of future faci l i t ies means that 
internat ional col laborat ion in their 
des ign and construct ion is 
increasingly necessary, ' says the 
G i lman report. T h i s t rend is 
exempl i f ied by US part ic ipat ion in the 
LHC col l ider at C E R N . ' 

Meanwh i le the Subpane l p laces 
highest priority on op t imum uti l ization 
of the forefront faci l i t ies near ing 
comple t ion and recommends that 
fund ing for operat ion of the Fermi lab 
Teva t ron col l ider, the PEP-II 
e lect ron-posi t ron col l ider at SLAC, 
Stanford , and the C E S R electron-
posi t ron col l ider at Cornel l , and for 
the phys ics groups using them, be at 
a level that ensures they fulfil their 
phys ics potent ia l . 

In part icular, the Tevat ron will 
remain the wor ld 's highest energy 
col l ider until commiss ion ing of the 
LHC in 2005 , and , fo l lowing the 
c losure of C E R N ' s LEP electron-
posi t ron col l ider, f rom 2001-5 will be 
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U S f o r w a r d l o o k 

Around the 
Laboratories 

the only p lace where the key 
quest ion of e lec t roweak symmet ry 
breaking (Higgs mechan ism) can be 
invest igated. The report advocates 
boost ing the Tevat ron col l is ion rate to 
ensure max imum phys ics reach 
dur ing this per iod. 

In the shor t - term, the f ixed-target 
p rog ramme at the Fermi lab Teva t ron 
and SLAC 's SLC l inear e lect ron-
positron col l ider wil l soon cease 
opérat ion. 

The Subpane l 's trongly endorses ' 
the physics goals of the LHC and US 
part ic ipat ion in the accelerator and in 
the A T L A S and C M S exper iments . 

For the longer- term future, the 
Subpane l recommends that a new 
facil ity at the energy front ier be an 
integral part of the US nat ional 
p rog ramme. R and D col laborat ion 
between SLAC and the Japanese 
KEK Laboratory shou ld cont inue 
towards a c o m m o n des ign for an • 
e lectron-posi t ron l inear col l ider wi th a 
luminosi ty of at least 1 0 3 4 per sq c m 
per s and an initial col l is ion energy of 
1 TeV, eventual ly augmen ted to 1.5 

TeV. The Subpane l recommends a 
Conceptua l Design Report . Any 
construct ion decis ion wou ld be taken 
by a future Subpane l . 

E lsewhere, R and D towards a 
muon col l ider and on a Very large' 
hadron col l ider should cont inue, and 
at an increased level. Whi le C E R N ' s 
LHC is targeted for a col l is ion energy 
of 14 TeV, the ' V L H C looks towards 
100 TeV in a ring of c i rcumference 
100 - 600 km (depending on the 
st rength of the magnet ic f ield in the 
bending magnets ) . L ikewise progress 
in these sectors should be rev iewed 
in about two years. 

The Subpane l rues the erosion of 
US universi ty particle physics, both in 
te rms of the numbers of s tudents 
involved and the support avai lable. 
To safeguard the vitality of <the 
nat ional p rogramme, the Subpane l 
s t resses than over a two-year per iod, 
the avai lable funding shou ld be 
ramped to 1 0 % above inflation to 
'part ial ly restore the losses of the last 
f ive years and better prepare 
universi ty groups to use the new 
faci l i t ies'. In part icular, the Subpane l 
recommends the establ ishment of 
new fund ing , at an annual level of $2 
mil l ion, for gener ic detector R and D 
to seed the ground for future 
exper iments . 

The recommendat ions c o m e in the 
context of recent US proposals to 
drast ical ly increase the nat ion's 
research budget over the next 
decade , a move the Subpane l 
st rongly suppor ts . 

Fred Gilman of Carnegie Mellon chairs the 
latest HE PAP subpanel to recommend future 
scenarios for US high energy physics. 

TRIUMF 
Canadian contribution 
to the LHC 

S ince 1995 the T R I U M F 
Laboratory in Vancouver has 

been col laborat ing wi th C E R N staff to 
provide a f ive-year $30-mi l l ion 
Canad ian contr ibut ion to C E R N ' s 
LHC col l ider complex . This is in 
addi t ion to contr ibut ions to the LHC 
detectors , and has involved activi t ies 
in a var iety of areas, not only on the 
LHC itself, but, especial ly in this 
initial phase , on the mach ines in the 
injector cha in . In part icular, the 
Proton Synchro t ron (PS) and its 
Booster require major modi f icat ions 
to del iver proton beams wi th much 
higher br ightness, more strictly 
contro l led emi t tance, and a dif ferent 
bunch spac ing . 

The b e a m br ightness required to 
ach ieve the LHC luminosi ty 
speci f icat ions is a severe chal lenge 
at low energ ies because of space-
charge defocus ing. To counter this 
the who le beam fil l ing sys tem is 
being changed to al low two Booster 
cyc les, instead of one, to feed each 
PS cyc le (with both mach ines 
operat ing at lower radiof requency 
harmonics) , and the Booster energy 
is be ing raised f rom 1.0 to 1.4 G e V to 
faci l i tate inject ion into the PS. 

The Canad ian contr ibut ion here has 
been the ferr i te r ings and the tun ing 
and h igh-vol tage power suppl ies for 
the four new f i rs t -harmonic r.f. 
cavi t ies for the Booster, most of the 
magne ts and power suppl ies for the 
upgraded 1.4 G e V transfer line 
be tween Booster and PS, new 
t ransformers for the Booster main 
magne t supply, and a react ive power 
compensa to r to reduce Booster-
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CERN's PS complex, showing the equipment 
(shaded blocks) contributed by Ca^ ' 
TRIUMF. 

induced t ransients on the electr ical 
gr id . The magnets (3 d ipo les, 7 
quadrupo les and 5 steer ing d ipo les) , 
wh ich differ f rom those they replace 
by being laminated for pu lsed 
operat ion, were des igned and 
fabr icated by industry, but m a p p e d 
and sh immed at T R I U M F . 

The 36 transfer- l ine power suppl ies 
we re built by Inverpower Contro ls , 
the 5 large rectifier t ransformers by 
Ferrant i -Packard, and the 20 M V A R 
compensa to r by GEC-A ls thom wi th 
T R I U M F act ing as contract manager 
in each case. T R I U M F has a lso 
produced 15 T iming Survei l lance 
Modu les for the PS contro ls group, 
wi th a further 30 to fol low. 

T h e measures taken to restrict 
emi t tance growth as the b e a m 
progresses through the injector 
cha in , in wh ich there has been 
Canad ian involvement, inc lude 
improv ing the accuracy of b e a m 
profi le measurement and shor ten ing 
kicker r ise-t imes. A fast b lade profi le 
moni tor for the Booster has been 
des igned and a prototype is under 

construct ion. A possible technique for 
shor tening the PS kicker r ise-t imes is 
to improve the pulse shape by the 
use of saturat ing ferrite inductors; 
s imulat ions and ful l-scale tests at 
T R I U M F have conf i rmed that 
signif icantly shorter r ise-t imes can be 
obta ined by placing inductors at the 
kicker input. 

T o produce the 25 ns bunch 
spac ing required in the LHC, the 
beam in the PS will be a l lowed to 
debunch at top energy and will then 
be recaptured using new 40 MHz and 
80 MHz r.f. cavi t ies. Canada has 
contr ibuted the high-vol tage power 
suppl ies, the tuner des igns, and the 
h igher-order-mode dampers for these 
f ive cavi t ies. Seven different damper 
des igns and 6 filter assembl ies were 
needed, requir ing extensive 
computer s imulat ions and model 
studies (September 1995, page 15). 

As most of the equ ipment required 
for the PS and Booster had to be 
instal led dur ing the 1997-8 winter 
shu tdown, last year was an 
especial ly chal lenging per iod for 

T R I U M F staff and for the many 
compan ies manufactur ing the 
componen ts . Happi ly, the 
commi tmen ts were all met , a l though 
not wi thout specia l efforts and some 
use of air freight! A l though the 
major i ty of the Canad ian 
contr ibut ions have been di rected to 
the PS complex , others have 
involved the S P S and LHC. Thus , for 
the S P S orbit moni tor electronics 
upgrade, T R I U M F has built, tested 
and sent to C E R N fifty 200 MHz and 
four 47.5 M H z cal ibrator modu les , 
wi th a fur ther 250 of the 200 MHz 
modu les to be del ivered dur ing 1998. 

For the L H C itself, Canada is 
contr ibut ing to the injection kickers, 
the c leaning- inser t ion quadrupo les , 
and the current cal ibrat ion 
equ ipment . For the kickers, a 
prototype 60 kV resonant charg ing 
power supp ly has been des igned, 
built and tes ted, n ine pulse forming 
networks wil l be built based on a 
C E R N prototype, and computer 
s imulat ions of the entire kicker circuit 
are under w a y to opt imize the des ign 
and reduce the r ipple below ± 0 . 1 % . 
G E C A ls thom in Quebec has built a 
prototype of the novel twin-aper ture 
w a r m quadrupo les to be used in the 
beam c lean ing insert ions at LHC 
Points 3 and 7. Measurements 
Internat ional in Ontar io has suppl ied 
a 20 kA 1 p p m current comparator 
and other cal ibrat ion equ ipment . 

Bes ides all these hardware 
contr ibut ions, C E R N and T R I U M F 
staff have been col laborat ing on a 
var iety of b e a m dynamics studies. 
For the LHC this inc ludes 
opt imizat ion of the beam opt ics and 
of the col l imator locat ions and 
or ientat ions in the betatron and 
m o m e n t u m c leaning insert ions; 
calculat ion of hardware impedances 
potent ial ly af fect ing beam stabil i ty; 
and deve lopment of a s imulat ion tool 
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KAPTOINP Filled Polyimide Films Super-performance 
at cryogenic temperatures 

• The remarkable properties of 
the range of KAPTON® out Polyimide 
Film from DuPont make it the 
ideal insulation material at cryogenic 
temperatures. Excellent perfor­
mance characteristics at extremes 
of temperature and unique physical 
and dielectric properties have made 
KAPTON® the material of choice in 
engineering design for over 
30 years. 

The new types of KAPTON® filled 
Polyimide Film offer custom tailored 

applications, whilst at the same 
t ime maintaining their inherent radia­
tion resistance and physical and 
chemical properties: KAPTON® MT, 
LT and MTB are thermally conductive, 
KAPTON® CR is corona resistant and 
thermally conductive and KAPTON® 
XC offers tailored resistance. 

To find out more about this new 
range of KAPTON® filled Polyimide 
Films, please call or write. 

S o l v i n g e n g i n e e r i n g p r o b l e m s at e v e r y l e v e l 

Kaptoir 
Polyimide film 

°* DuPont registered trademark 

Du Pont de Nemours, KAPTON® Films, Lahnstrasse 7, D-61273 Wehrhe im, Germany. Tel. +49 6081 981573. Fax +49 6081 981574. Internet: Guenter.Forster@deu.dupont.com 
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Part of CERN's PS proton synchrotron 
complex, showing equipment contributed by 
Canada via the TRIUMF Laboratory in 
Vancouver. Two of the seven new 
quadrupoles from Canada are installed in the 
double 1.4 GeV Booster-PS transfer line. 
Further upstream (left), the four transfer lines 
from the four-ring Booster (one line per ring) 
merge into the two lines seen here. 
Downstream these two lines in turn merge into 
a single pipe before injecting into the PS. 

for test ing onl ine control of betatron 
tune and chromat ic i ty . The latter two 
studies are also being carr ied out for 
the S P S , and indeed the tune control 
s cheme will be first tested there. For 
the PS complex , there has been 
col laborat ion in the deve lopment of 
low-energy orbjt s imulat ion codes, 
and in exper imenta l and theoret ical 
s tudies of second harmonic r.f. in the 
Booster, where a longstanding 
instabil i ty has f inal ly been identif ied 
as a sextupo le mode , rather than a 
beam- load ing or space-charge effect. 

Wi th this col laborat ion approach ing 
its comple t ion in 2000 , p lanning has 
now begun on the preparat ion of a 
proposal to the Canad ian 
government for the inclusion of a 
contr ibut ion of s imi lar va lue in 
T R I U M F ' s next Five Year Plan for the 
years 2000-5 . 

The spot l ight is now swi tching f rom 
instal lat ion to commiss ion ing the 
upgraded sys tems. Low intensity 
beams have been taken to the PS 
top energy on the new r.f. harmonics 
and the new equ ipment , most of 
wh ich is of Canad ian or ig in, has 
per fo rmed wel l . Higher intensit ies are 
the next goa l . 

More Canadian contributions: chokes for the 
20 MVAR static compensator (in the cabin 
behind) for the Booster main power supply. 

CERN 
Stealing a march on 
the millennium 

To add fur ther confus ion to current 
a rguments as to whether the 

third mi l lenn ium starts in the year 
2000 or 2 0 0 1 , a number of physic ists 
in Japan and Europe are work ing to a 

8 CERN Courier, April 1998 



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

Figure 1: Hyperfine splitting of the (n, I) = 
(37,35) to (38,34) transition in antiprotonic 
helium. The wavelength splitting of 2.98 pm 
(1.7 GHz) corresponds to the tiny energy 
difference (7 x 10-6 eV) between states with 
the electron spin magnetic moment up and 
down relative to the antiproton orbital magnetic 
moment (E. Widmann et al. 1997, Physics 
Letters B404, 15). 

calendar in wh ich 1 A D cor responds 
to 1999. 

This odd mil lennial convent ion is 
related to the c losure of C E R N ' s Low 
Energy Ant iproton Ring (LEAR) 
wh ich , a l though it ceased operat ion 
in December 1996, did so in a b laze 
of glory. A m o n g its late successes 
were the historic first synthes is of 
ant ihydrogen a toms (March 1996, 
page 1) and the open ing up of a new 
research f ield of laser spec t roscopy 
of ant iprotonic he l ium a toms 
(November 1996, page 13), in wh ich 
both an ant iproton and a residual 
e lectron 'orbit ' the hel ium nuc leus. 
The A D (Ant iproton Decelerator -
May 1997, page 1), a less comp lex 
but more economica l rep lacement for 
LEAR, is the phoenix rising f rom the 
ashes of this conf lagrat ion, and 
should begin operat ion in 1999. 

In November , C E R N ' s Research 
Board , wh ich had a l ready approved 
two A D exper iments ( A T H E N A and 
A T R A P ) to invest igate the ant iwor ld 
through the ant ihydrogen a tom, gave 
the go-ahead for a new p rog ramme 

of research on ant iprotonic he l ium, 
largely funded by the Japanese 
Ministry of Educat ion, Sc ience, 
Sports and Culture (Monbusho) , and 
to be done by a Japanese-European 
col laborat ion bear ing the name 
A S A C U S A . This s tands for A tomic 
Spect roscopy and Col l is ions Using 
Slow Ant iprotons, but it is also the 
namesake of the famous Asakusa 
temple district, famil iar to every 
visitor to central Tokyo and located 
just a few ki lometres f rom the Tokyo 
universi ty campus . The col laborat ion 
has chosen for its logo the giant 
lantern of the Kaminar i -mon, the 
ceremonia l gate leading into Asakusa 
(see cover picture). 

The A S A C U S A p rogramme is an 
outgrowth of the LEAR work on 
ant iprotonic hel ium, wh ich t races its 
or igins to 1990 when a Tokyo group 
work ing at the Japanese KEK 
Laboratory showed that about 3 % of 
a toms (created when ant iprotons 
stop in a hel ium target) consist ing of 
a hel ium nucleus together wi th an 
ant iproton and an orbital e lectron 

surv ive for s o m e microseconds 
before the ant iproton falls into the 
nuc leus and annihi lates. 

Th is metastabi l i ty was quite 
contrary to expectat ions and is 
apparent ly connec ted wi th the 
presence of the e lectron; by shie ld ing 
the a tom frQtm the destruct ive effects 
of col l is ions wi th normal hel ium 
a toms in the target, the electron 
g ives it a kind of insurance cover. As 
the ant iproton 's principal (n) and 
angular m o m e n t u m (I) quan tum 
numbers are both about 40 , its de 
Brogl ie wave leng th in the a tom is 
therefore s o m e 40 t imes smal ler than 
that of the ground state e lectron. Th is 
means that its a tomic orbit is a lmost 
c lassical , whi le that of the electron is 
ful ly quan tum-mechan ica l . 

W e r e this hybr id character ist ic the 
only interest ing feature of the 
ant iprotonic hel ium a tom, it might 
have remained nothing more than an 
excess ive ly rare i tem in the atomic 
physic ists ' s tamp col lect ion. Much 
more important is the fact that its 
m ic rosecond l i fetime against 
annihi lat ion is long enough to permit 
laser b e a m s to be f ired at it. Near 
n=40, the ant iproton energy level 
spac ing shou ld be about 2 eV, or 
about 600 nanomet res ; this was 
conf i rmed in 1993 by the LEAR 
group, w h o st imulated a quan tum 
j ump be tween its (n, I) = (39,35) and 
(38,34) levels wi th a 597.259(2) nm 
laser pulse. The exper imenters have 
so far pub l ished some 250 journal 
pages of results and demonst ra ted 
ever- increas ing accuracy in the laser 
techn ique. These measurements 
cover both he l ium-4 and hel ium-3. 

On the theoret ical s ide, calculat ions 
are now detai led enough to take into 
account relativistic correct ions to the 
e lect ron 's mot ion , and give transi t ion 
wave leng ths wi thin a few parts per 
mil l ion of the measured ones for all 
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13 transi t ions now known . From 
these deve lopments , the ant iproton 's 
Rydberg constant - the fundamenta l 
energy 'ruler' of its quan tum 
e lec t rodynamics - can be deduced 
with commensura te prec is ion. 

A f inal part ing shot f rom LEAR was 
the revelat ion of hyperf ine structure 
in the transi t ion (n, I) = (37,35) to 
(38,34) (see f igure), ar is ing f rom the 
t iny interact ion energy of the 
electron's spin with the angu lar 
m o m e n t u m of the ant iproton. 

Wha t is happen ing here is fami l iar 
f rom the history of the hydrogen 
a tom, which for at least a century has 
had the status of a physical 
benchmark . Ant iprotonic hel ium is in 
turn becoming the first laboratory 
benchmark for the quan tum 
e lec t rodynamics of the ant iproton, 
and therefore of the ant iwor ld in 
genera l . In this respect, it 
comp lemen ts the ant ihydrogen a tom, 
and is much easier to synthes ize. 

In 1 A D , A S A C U S A therefore 
expects to cont inue s tudy ing 
ant iprotonic hel ium a toms where its 
p redecessor col laborat ion at LEAR 
left off, using mic rowave and opt ical 
beams in tr iple resonance wi th the 
a toms to make a precis ion 
measuremen t of hyperf ine spl i t t ing. 

In 2 A D , a decelerat ing Radio 
Frequency Quadrupo le (RFQ) will be 
added to the A D beam to reduce the 
ant iproton energy f rom MeV to keV 
va lues . Th is will permit the (n, I) 
distr ibut ion of the a toms to be studied 
at the instant of their bir th, and al low 
invest igat ions of the a tomic 
interact ions of ant iprotons at 
ex t remely low energ ies. 

The year 3 A D should see the 
fur ther addi t ion of a Penn ing trap 
f rom which ant iprotons at rest wil l be 
reaccelerated to eV and keV 
energ ies. The result ing 
monochromat ic ul tra- low energy 

After having completed its antiproton 
programme, CERN's LEAR Low Energy 
Antiproton Ring has been rechristened the 
Low Energy Ion Ring (LEIR). Its job will be to 
accumulating lead ions for CERN's LHC 
collider. 
(Photo CERN AC97.11.016) 

beams will permit t ighter control of 
the condi t ions under wh ich the 
metastable a toms are fo rmed. They 
shou ld also make it possible to s tudy 
protonium (proton-ant iproton) a toms 
in v a c u u m or near vacuum 
condi t ions. 

Proton ium is easier to handle 
theoret ical ly than ant iprotonic hel ium 
and can readi ly be fo rmed by 
introducing ant iprotons into hydrogen 
targets. Unl ike ant iprotonic he l ium, it 
has no e lect ron, and therefore does 
not possess fully comprehens ive 
col l is ion insurance. However , in 
vacuo , with no other vehic les in sight, 
this should no longer be a h indrance 
against the metastabi l i ty necessary 
for carry ing out laser spect roscopy. 

From LEAR to LEIR 

C ERN's LEAR Low Energy 
Ant ipro ton Ring, wh ich has now 

comp le ted its ant iproton p rog ramme 
(May 1997, page 1) has been 
rechr is tened the Low Energy Ion 
Ring (LEIR) and has turned its 
at tent ion to accumula t ing lead ions 
for C E R N ' s LHC coll ider. 

The current Electron Cyclot ron 
Resonance (ECR) sources, used in 
con junct ion wi th the Booster to 
supp ly lead ions for the S P S 
synchro t ron , are fifty t imes too weak 
to prov ide the beam intensity needed 
for the LHC. LEIR has therefore 
s tepped into the chain of injector 
mach ines to boost ion levels. The 
f inal s c h e m e cal ls for LEIR batches 
of up to 1.2 x 10 9 ions (four LHC 
bunches) every 3.6 seconds . 

For LHC ions, LEIR can take over 
the role current ly p layed by the 
Booster, wh ich in the LHC era can 
then be ded ica ted to handl ing 
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Herbert Lengeler (left) and Boris Prosin in front 
of a superconducting radiofrequency beam 
separator being prepared for transport from 
CERN to the Institute for High Energy Physics 
(IHEP), Serpukhov (Protvino), near Moscow. 
Built at Karlsruhe by a team under Lengeler's 
direction, the separator operated at CERN until 
1980 before being mothballed. 

protons. The feasibi l i ty tests were 
done last year using inject ion f rom 
the ion Linac 3, wh ich cou ld be 
pushed to a cycl ing rate of 2.5 Hz. 
Th is rate a l lowed up to 7 x 1 0 8 ions to 
be accumula ted . The ions are fed 
into the accumula tor as a ser ies of 
pulses, each conta in ing about 8 x 1 0 7 

ions. 
W h e n ion pulses are t ransferred in 

s ingle-turn inject ion, only the f ract ion 
of the Linac beam cor respond ing to 
one turn in the circular mach ine is 
captured. However , LEIR has 
adopted a new comb ined t ransverse 
and longitudinal mult i turn inject ion 
techn ique which a l lowed to "catch" 
up to 20 turns at each in ject ion. Th is 
inject ion techn ique exploi ts the abil i ty 
of the ring to contain a large spread 
of c irculat ing part icle m o m e n t a in 
addi t ion to their t ransverse 
osci l lat ions. 

In this scheme, the c losed orbit is 
de fo rmed by a "bump" wh ich is made 
to change as the energy of the 
inject ion l inac is increased in such a 
w a y that the resultant c losed orbit for 
the incoming part ic les remains (more 
or less) f ixed. In the usual t ransverse 
mult i turn inject ion, the l inac energy is 
constant and the bump shifts the 
c losed orbit, so the m o m e n t u m 
spread of the circulat ing beam 
remains as smal l as that of the 
incoming beam. Ramping the 
m o m e n t u m of the in jected beam 
creates room for more turns. Electron 
cool ing then "compresses" the pulse 
and drags it to the s tack ing orbit in 
the corner of the aper ture, before a 
new inject ion arr ives (after 400 ms in 
the tests) . 

Earl ier runs in 1995 wi th lead ions 
of charge state 53+ (53 of the 82 
e lectrons str ipped off) revealed an 
anoma lous fast loss wi th e lectron 
cool ing, due to ions recombin ing wi th 
the cool ing electrons. LEIR s ide­

s tepped the prob lem by swi tch ing to 
lead 5 4 + , wh ich paradoxical ly does 
much less recombine in this way. 

High per formance levels require a 
good v a c u u m , and some 
componen ts that induce a large 
pressure rise wi th the ion beam had 
to be removed . Further improving the 
v a c u u m is one way in wh ich the 
mach ine physic ists hope to reach the 
LHC speci f icat ions. They are also 
looking at ways of speed ing up the 
electron cool ing to make space for 
incoming pulses more quickly, and 
will eventual ly run the Linac at 10 Hz, 
as opposed to the current 2.5 Hz. 
A l ready half the required 1.2 x 10 9 

lead ions have been at ta ined; the 
exper ts are conf ident that the rest will 
fol low. 

The LEIR electron cool ing sys tem 
was original ly part of C E R N ' s Initial 
Cool ing Exper iment (ICE) in 1977, 
and is now being re-instal led for a 
new role on C E R N ' s Ant iproton 
Decelerator . 

CERN/SERPUKHOV 
Superconducting 
separator emerges 
from sleep 

A fter be ing mothbal led for 18 
years , in January a large 

superconduc t ing radiof requency 
b e a m separator was t ranspor ted 
f rom C E R N to the Institute for High 
Energy Physics ( IHEP), Serpukhov 
(Protv ino), near Moscow. 

The separator , a p ioneer ing 
inst rument in rad iof requency 
superconduct iv i ty , w a s deve loped 
and const ruc ted f rom 1971-77 at the 
Institute fur Kernphys ik of the 
Kern fo rschungszent rum Kar lsruhe 
under the leadership of Herbert 
Lengeler f rom C E R N . 

From 1977 it w a s operated in 
con junct ion wi th a 1.8K refr igerator 
f rom Brit ish Oxygen in a counter 
beam for the O m e g a spect rometer at 
the S P S synchro t ron . 

The separator prov ided high 

12 CERN Courier, April 1998 



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

intensity secondary beams of posit ive 
and negat ive kaons, ant iprotons, 
posit ive pions and deuterons 
between 3 and 37 GeV. A round 
1980, detector response and the 
l imitation of proton intensit ies at the 
SPS a l lowed exper iments to handle 
the range of interact ions wi thout prior 
beam separat ion, and the detector 
was put into v a c u u m storage. 

Meanwhi le the intensit ies at major 
proton accelerators has been 
boosted by another order of 
magn i tude and has raised again the 
need for separated secondary 
beams. 

In 1997, other laborator ies 
expressed interest in acqui r ing the 
superconduct ing separator s tored at 
C E R N , and it was dec ided to t ransfer 
the two superconduct ing def lectors 
and their cryostats to IHEP 
Serpukhov. After carefu l test ing at 
C E R N with generous suppor t f rom 
the laboratory 's LHC, SL and ST 
Divis ions, they were prepared for 
sh ipment to Russia using the suppor t 
sys tems used for the 
superconduct ing cavi t ies for C E R N ' s 
LEP electron-posi t ron col l ider 
(December 1997, page 8) . 

At IHEP, the separator wil l be 
instal led in a beaml ine provid ing 
more than 10 9 part ic les per extract ion 
cycle, suppress ing unwanted 
part icles by a factor of a hundred . It 
wil l be interest ing to see how wel l the 
separator per forms after its long 
s leep in vacuum. 

Cryogenic test assembly for neutron irradiation 
testing for LHC components. 

FRANCE 
Neutron irradiation at 
cryogenic 
temperatures for the 
LHC project 

C ryogenic dev ices are f requent ly 
encountered at h igh-energy 

accelerators and are expected to 
become even more famil iar in the 
coming decade. A good example is 
prov ided by CERN 's LHC project, in 
wh ich the very high proton beam 
energy cal ls for the use of high-f ield 
magnets both in the accelerator and 
in the detectors. In order to satisfy 
technical and e c o n o m i c a l , 
requi rements, the high-f ield magne ts 
are superconduct ing coi ls operated 
at l iquid hel ium temperature . 

For the LHC, low tempera tures are 
not reserved for the operat ion of 
magnets . Because of the intrinsic 

radiat ion hardness of noble l iquids, 
the A T L A S col laborat ion has dec ided 
to use l iquid argon calor imetry in a 
region of the detector where the 
radiat ion levels are high. 

As wel l as creat ing st rong levels of 
radiat ion in the detectors, the high 
luminosi ty çf the LHC coll ider ( 1 0 3 4 

per sq c m per s) will a lso give rise to 
high radiat ion levels in the mach ine, 
w h o s e effects on the per formance 
and age ing of instrumentat ion need 
to be ser iously tes ted. 

For th is, a neutron irradiation stat ion 
was built and operated over the past 
few years at the S A R A heavy ion 
facil i ty in Grenob le by a col laborat ion 
of three laborator ies: ISN Grenob le , 
IPN Orsay and LAL Orsay. It consists 
of a cyl indr ical cryostat wh ich can 
conta in up to 10 litres of l iquid argon 
(87.6 K) or l iquid hel ium in a normal 
or superf lu id state (1.8 - 4.2 K). 

A th ick bery l l ium target, in wh ich a 5 
m ic roamp deuteron beam of 20 MeV 
is s topped , is instal led in front of the 
cryostat . The bery l l ium-9/deuteron 
react ion, produc ing boron-10 plus a 
neut ron, has been known for years in 
neutron therapy or nuclear fus ion 
research to be ext remely effect ive in 
produc ing high intensity neutron 
beams . At SARA, neutron f luences of 
2 x 1 0 1 4 per sq c m may be at ta ined in 
one day of operat ion over an 
exposed samp le area of 25 c m 2 . 

A m o n g the numerous topics s tudied 
so far, two speci f ic irradiation 
quest ions have received special 
a t tent ion, as S A R A is present ly the 
only site in the wor ld where they can 
be exper imenta l ly invest igated. 
These are: the stabil i ty and age ing of 
the LHC magnet thermometers ; and 
the pol lut ion of l iquid argon under 
neutron radiat ion of the polymer ic 
componen ts of the A T L A S 
calor imeter . 

S imula t ions have shown that in the 
e lec t romagnet ic barrel calor imeter, 
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fast neutron f luxes up to 1 0 1 4 per sq 

c m will be obta ined in 10 years of 

operat ion at full luminosi ty. Under 

fast neutron irradiat ion, s o m e parts of 

the calor imeter, especia l ly those 

made of po lymers , cou ld undergo 

radiolysis and release undesi rab le 

e lements , compounds or radicals 

wh ich represent a potent ial pol lut ion 

danger . 

If, for example , oxygen were 

re leased in the l iquid a rgon wi th a 

concentrat ion of 10 p p m , the 

calor imeter signal cou ld be reduced 

by 1 0 % by capture of e lect rons in the 

argon gaps. To invest igate this, a 

puri ty moni tor with an amer ic ium-241 

a lpha source mounted in a l iquid 

argon ionizat ion cell w a s instal led in 

the irradiat ion cryostat. Each a lpha 

part icle creates a known number of 

drift ing e lectrons in the l iquid wh ich 

may get captured if pol lut ion deve l ­

ops dur ing the irradiat ion. A decrease 

of the col lected electron charge 

before, dur ing and after the irradia­

t ion is the external s ignature of l iquid 

pol lut ion. 

Eight dif ferent po lymer-conta in ing 

mater ia ls have been tested so far. 

To ampl i fy the phenomenon , and to 

prove the correct operat ion of the 

purity monitor, some tests used 

proport ions much higher than ex­

pected for the final calor imeter. 

An example is g iven in Figure 1 . 

Here, the pre- impregnated foils used 

for gluing the e lect romagnet ic 

Sensor sensitivity : 
0.8mO/mK @ 1.8 K 

168 192 216 

Figure 1: Testing detector components under 
high radiation conditions: Alpha particle charge 
attenuation as a function of time when 
irradiating pre-impregnated foils in liquid argon 
with a material-to-liquid proportion enhanced 
by 22. The open and the full circles correspond 
to different high voltage values applied to the 
ionization chamber. The impurity causing the 
signal attenuation seems to remain in the 
cryostat even after part of the liquid has 
evaporated. 

presampler modu les were tested wi th 

a mater ia l - to- l iquid proport ion en­

hanced by a factor of 22 with respect 

to the f inal A T L A S calor imeter. The 

pol lut ion fo l lowing irradiat ion is 

clear ly v is ible. 

Further tests have shown that 

pol lut ion is proport ional to the 

quant i ty of mater ia l in the cryostat. 

W h e n proper ly count ing the 

contr ibut ions of all tested mater ia ls, 

the total ca lor imeter s ignal 

a t tenuat ion expec ted after 10 years 

of opera t ion , wi thout any 

rep lacement or any puri f icat ion of the 

l iquid, remains lower than a very 

sat is factory 1.5%. 

The LHC accelerator will need a 

large number of superconduct ing 

coi ls operat ing in superf lu id hel ium at 

a tempera tu re ranging f rom 1.8 to 

1.9K wh ich will be moni tored with a 

precision of 5mK. To meet this chal­

lenge, nearly 10000 temperature 

sensors (thermoresistors) will be 

installed at different critical points of 

the superconduct ing magnets where 

the proton beam losses could induce 

high radiation doses: 10 2 - 10 3 Gy for 

10 years of operat ion. In the beam 

interaction sect ions, these radiation 

doses could even be ten t imes higher. 

Adopt ing a safety margin of 2, it 

w a s dec ided to test the candidate 

sensors at a neutron f luence of 1 0 1 5 

per sq c m (cor responding to 2 x 1 0 4 

Gy) . 

Four i rradiat ion exper iments were 

per fo rmed in 1997 and another 

campa ign of the same type will be 

conduc ted this year. In each 

exper iment , about 50 sensors of 

dif ferent types (carbon resistors, thin 

f i lm ox ide resistors, pure metal or 

al loy resistors in wi res or thin f i lms) 

Figure 2: Testing accelerator components 
under high radiation conditions. Rhfe thin film 
thermometer resistance measured during 
neutron irradiation at 1.8 K. The sensor shift is 
15 mK for 7 x 1014 neutrons per sq cm 
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21st Century's TDCa 
To meet the requirements of the next 

generation HEP Experiments, two leading 
European Physics Research Institutes have 

developed two ASIC 
Multihit Time-to-Digital Converters 

in VLSI technology. 

By integrating them in two single-width, 6U 
VME modules we have created two modular 

TDCs featuring an 
unprecedented density and the 

lowest price per channel 
achieved to this date. 

They are available now to allow today's 
experiments to take advantage of 

next century's' technology. 

Type* V667 V673A V767 V693 
Width •f slot 1 slot 1 slot 1 slot 

Channels 64 64 128 128 

Bits 21 16 20 16 

LSB 780 psec" 1 nsec 780 psec** 1 nsec 

DPR 10 nsec 5 nsec 10 nsec 5 nsec 

Conv. Time Nil Nil Nil Nil 

Output Buffer 2KWords 4 events 
6KWords 

32KWords 4 events 
12KWords 

*VME 6U Units ** 5 2 0 psec wi th speed graded ICs and 6 0 MHz Clock 

The V 6 6 7 and V 7 6 7 are based on an IC developed at CERN by the ECP-MIC Group 
The V673A and V693 are based on an IC developed for the KL0E experiment by INFN-Roma 

UNI EN ISO 9001 
CERTIFICATE N*910& CAEN 

COSTRUZIONIAPPARECCHIATURE ELETTRONICHE NUCLEAR! S.p A. 
Iscritta all'Albo dei Laboratori di ricerca (Deer. Min. 25/3/90) 
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Venedikt P. Dzhelepov - 85 Dmitri V. Shirkov - 70 

are i r radiated. The evolut ion of their 
res istances is measured on line and 
compared to accurate tempera tu re 
references provided by vapour 
pressure bulbs in the range of 1.8 to 
4.2K. Moreover , di f ferent 
tempera ture and anneal ing cyc les 
are per formed to s tudy the inf luence 
of the operat ing cryogenic condi t ions. 

The resistance evolut ion of a typical 
sensor as a funct ion of the neutron 
f luence is presented in Figure 2. 
These exper iments s h o w e d that each 
sensor family, when i r radiated, 
evo lves wi th a typical behaviour . 
Based on these results and the data 
to come in 1998, a compara t ive s tudy 
wil l select the final tempera tu re 
probes for the LHC superconduc t ing 
coi ls and cryogenic equ ipment . 

Since SARA will cease activit ies this 
year, the extension of this p rogramme 
for the years 1999-2000 at another 
site in western Europe is present ly 
under examinat ion. For tests of liquid 
argon calor imeter components , a 
second site will soon be operat ional 
in Russia at Dubna by the IBR-2 
reactor. With f luxes which may attain 
1 0 1 6 neutrons per sq cm in a few days 
of exposure, this offers the possibil i ty 
of tackl ing the quest ion of a pollution 
in the ATLAS endcap calor imeters (in 
particular in the very forward sect ion) 
where expected radiation levels may 
be a hundred t imes higher than in the 
central barrel sect ion. 

By. B. Merkel (Orsay) 

DUBNA 
Honours 

The Joint Institute for Nuclear 
Research (J INR), Dubna , near 

Moscow, is honour ing two of its 
d is t inguished senior scient ists. 

On 12 Apri l Venedik t P. Dzhe lepov 
celebrates his 85th bir thday. A m o n g 
the major founders of the Institute of 
Nuclear Prob lems of the USSR 
A c a d e m y of Sc iences (1949) and 
later of J INR (1956), he w a s Director 
of J INR's Laboratory of Nuclear 
Prob lems f rom 1956-88 and has 
been its honorary director s ince 
1989. 

Before coming to Dubna, he was 
involved in uran ium work at I.V. 
Kurchatov 's institute. Mi lestones in 
his scienti f ic career of more than 60 
years include the construct ion of the 
then (1949) wor ld 's largest 680 MeV 
proton synchrocyc lo t ron, later (1984) 
upgraded to a high-current phasot ron 
wi th a spiral ly vary ing magnet ic f ield 
a l lowing a 20-fo ld increase of 
extracted 680 MeV proton intensity. 

His exper imenta l researches of 
nuc leon-nuc leon and p ion-nucleon 
interact ions, nuclear capture of 
negat ive muons by protons in 
gaseous hydrogen, negat ive pion 
electron decay, pion product ion of 
normal and st range neutral part ic les, 

hypercharge-exchange react ions and 
other p rocesses at the accelerators 
of J INR and IHEP (Protvino) together 
made a substant ia l contr ibut ion to 
part icle and nuclear physics. 

V .P . Dzhe lepov is also known for 
his work on high-current accelerator 
comp lexes in the range 0.8 - 1 . 5 G e V 
based on isochronous cyclot rons. It 
w a s under his superv is ion that 
Russia 's first c l in ico-physical 
comp lex w a s const ruc ted at the 
synchrocyc lo t ron of the Laboratory of 
Nuclear Prob lems for proton 
t reatment of cancer and for 
radiobiological invest igat ions for 
space medic ine. 

He is a cor respond ing member of 
the Russ ian A c a d e m y of Sc iences, 
for many decades one of the leaders 
of the Nuc lear Physics Division of the 
Russ ian A c a d e m y of Sc iences, and a 
w inner of the State Prizes of Russia 
and of the I .V.Kurchatov Gold Medal 
of the Russ ian A c a d e m y of Sc iences. 
As a m e m b e r of IUPAP 
commiss ions , ICFA, and editorial 
boards of highly author i tat ive sc ien-
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tific journals he has made a subs tan­
tial contr ibut ion to deve lopment of 
internat ional scienti f ic coopera t ion . 

3 March marked the 70th bi r thday of 
Dmitr i V. Shirkov. The first years of 
his scientif ic career were devoted to 
nuclear reactors, neutron di f fusion 
and moderat ion. In the mid 50s he 
began work ing wi th N.N. Bogol iubov 
in quan tum field theory, mak ing a 
fundamenta l contr ibut ion to the 
ax iomat ic formulat ion of per turbat ion 
theory for the scat ter ing matr ix and to 
the establ ishment of the 
renormal izat ion group. These results 
became a part of their f amous 
monograph " Introduct ion to the 
Theory of Quant ized Fields" first 
publ ished in 1957 and later t rans­
lated into Engl ish and French. 

In the late 50s D.V. Shirkov sug ­
gested a method of tak ing the C o u ­
lomb effect into account in the 
microscopic theory of 
superconduct iv i ty . In 1960 he moved 
to Novosib i rsk to found the 
Theoret ica l Physics Depar tment of 
the Mathemat ica l Institute and the 
chair of Theoret ica l Physics at 
Novosib i rsk Universi ty. He and his 
co l leagues e laborated d ispers ion 
theor ies of s t rong interact ions at low 
energy. In 1970/71 he lectured at 
Lund as Nobel guest professor. 

He returned to J INR in 1971 and 
cont inued his research into the 
appl icat ion of the renormal izat ion 
group and formulated the hypothes is 
of f inite renormal izat ion. He init iated 
a we l l -known ser ies of Dubna papers 
on mult i - loop calculat ions in Q C D 
and e laborated the method of s u m ­

ming the asymptot ic ser ies wh ich 
w a s effect ively used in crit ical phe­
nomena . 

He also deve loped general methods 
for renormal izat ion group 
t ransformat ions in var ious f ields of 
phys ics and in t roduced a notion of 
funct ional self-similar i ty general iz ing 
the scal ing laws. From 1993-97 he 
w a s Director of the Bogol iubov 
Laboratory of Theoret ica l Physics. 

He devo ted much effort to the 
t ra in ing of young scient ists, for more 
than a quar ter of a century teach ing 
first at Novos ib i rsk and then Moscow 
State Universi ty. He is a member of 
the Russ ian A c a d e m y of Sc iences, 
the Phys iographic Society of Lund 
(Sweden) and the Saxon A c a d e m y of 
Sc ience in Leipzig (Germany) . 

Physics monitor 

The physics window at 
LEP 

Over the next two years or so, 
C E R N ' s LEP elect ron-posi t ron 

col l ider wil l take data at energ ies up 
to about 1 0 % larger than those 
ach ieved so far, and take severa l 
t imes more data than the current ly 
accumula ted amoun ts at energ ies 
above the Z. Whi le those increases 
may seem to be open ing the w indow 
onto new physics only a little, our 
present unders tand ing of the physics 
opportuni t ies suggests it is a w indow 
with a great v iew. 

How can we judge the va lue of 
smal l increases in energy or 
luminosi ty (the luminosi ty is a 
measure of the number of col l is ions 
per second)? To make a d iscovery 
f rom an increase in energy it is 
necessary that the new part icle(s) or 
interact ion(s) occur just in the smal l 
region of the increase. Similar ly, 
there is a luminosi ty threshold where 
one goes f rom too few events to be 
seen to a possible observable s ignal . 

One w a y to judge whether we are 
enter ing such a region is to take a 
model of the new physics that 
incorporates the successfu l physics 
of the Standard Model , that inc ludes 
the known mot ivat ions for possib le 

new phys ics , and does not predict 
any p h e n o m e n a that are inconsistent 
wi th exist ing data. Then we ask if the 
mode l sugges ts there will be new 
phys ics in the region accessib le to 
LEP. 

Lucki ly w e have such a model , one 
wh ich adds a new symmet ry cal led 
"supersymmet ry " to those we a l ready 
know. All part ic les have a property 
cal led sp in . S o m e (photons, Z, etc.) 
have sp in that is an integer mult iple 
of a basic unit; they are cal led 
bosons . The others (electrons, 
quarks , etc.) have spin that is a half-
integer mult ip le and are cal led 
fe rmions . Under the rules of quan tum 
theory bosons and fermions behave 
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very differently. Supersymmet ry is 
the hypothesis that the fundamenta l 
theory incorporates bosons and 
fermions equal ly. 

S ince the Standard Model does not 
t reat them similarly, supersymmet ry 
predicts new part icles shou ld exist. In 
the fo l lowing we will use 
supersymmet ry as a guide to 
evaluate the promise of LEP. There 
are good reasons to be opt imist ic 
that nature will indeed have this new 
symmet ry , so that its impl icat ions will 
be meaningfu l ; if not, perhaps the 
right answer will share impl icat ions 
wi th this mode l . One successfu l 
predict ion of supersymmet ry w a s that 
all of its effects on S tandard Model 
observab les must occur only th rough 
virtual part ic les, so the effects must 
be less than a per cent , s imi lar to the 
effects of the top quark, as LEP 
indeed found (see the art icle of 
Daniel Trei l le in the Apri l 1995 issue, 
page 10). 

Supersymmet ry not only predicts 
new part icles, it offers an exp lanat ion 
of why Higgs bosons shou ld exist, 
and most important ly, w h y the Higgs 
boson is likely to be light enough to 
be detected at LEP. (In order to 
incorporate a descr ipt ion of the mass 
of part ic les into the S tandard Model it 
w a s necessary to postu late the 
ex is tence of a new f ie ld, the "Higgs" 
f ie ld, ana logous to the 

A possible spectrum of superpartners and a 
Higgs particle. Although none of these have 
yet been observed, some could be in forth­
coming runs at CERN's LEP electron-positron 
collider. The Ni are the 'neutralinos', states of 
definite mass formed from the superpartners of 
the neutral carrier particles (photon, Z,...). The 
cj are the equivalent 'charginos', superpartners 
of the W. v. is probably lighter than C. for this 
spectrum. The 'squark' and 'gluino' states are 
not shown as they are less relevant for LEP. 
The 'stop' superpartner of the top quark could 
also be in this mass region. The Zand top 
quark are shown for comparison. 

elect romagnet ic f ie ld. Interact ions 
wi th the Higgs f ield then led to mass . 
Just as the photon is the quan tum of 
the e lect romagnet ic f ield, the Higgs 
boson is the quan tum of the Higgs 
f ie ld. The ex is tence of the Higgs 
boson is the test of the correctness of 
this approach. ) 

The logic proceeds as fo l lows. The 
Standard Model of part icle physics, 
the theory of quarks and leptons 
interact ing via the exchange of 
"gauge bosons" (the photon, g luons, 
W and Z) , descr ibes phenomena wel l 
on the scale of col l ider energ ies. 
Al ternat ively we can think of d is tance 
or size sca les f rom dis tances smal ler 
than a proton (about 1 0 1 3 cm down to 
about 1 0 1 6 cm) the Standard Model 
works wel l . In physics it is very 
useful to th ink in te rms of "effect ive 
theor ies". For example , the physics 
of the a tom is an effective theory. 
Given the propert ies of e lectrons and 
of nuclei one can study and 
unders tand the propert ies of a toms. 
W e do not need to unders tand 

whether there are quarks in a proton, 
or the structure of nuclei , or the origin 
of the e lect ron 's mass , to unders tand 
a toms. 

The Standard Model can be thought 
of as an effect ive theory, but it is not 
a comple te effect ive theory, 
surpr is ingly, because the mass of the 
Higgs boson must be within a few 
t imes the mass of the Z for the theory 
to be consis tent , but if there are any 
scales in nature that are much larger 
than this the Higgs boson mass is 
unstable and will exceed the 
cons is tency limit. 

There are at least two st rong 
indicat ions for such larger mass 
sca les. One is the Planck scale, first 
s tudied by Max Planck a century ago, 
the scale fo rmed by tak ing Planck's 
constant (h), Einstein 's speed of light 
(c), and Newton 's force constant (G) 
and const ruct ing f rom them a mass 
scale. That scale turns out to be 
large, near where gravi tat ional forces 
are about the s a m e strength as the 
other forces. Equ i va l en t ^ one can 
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Scintillators 
• High counting efficiency 

• Excellent light transmission 
; properties of our plastic scintillators. 

Different shapes are available 
from 0.25 mm thick 

with dimensions up to 500 x 500 mm. 
All pieces can be machined to a highly 

polished surface or provided with 
special coatings, including 

inorganic scintillators, 1 
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( www.metroiab.com ^ 
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th ink of the Planck d is tance, about 
1 0 3 3 cm . The second is the apparent 
unif icat ion of the s t rong, weak , and 
e lect romagnet ic forces of the 
Standard Model . If the two-century-
old hope to simpli fy our 
unders tanding of the forces could 
work , then they must have the s a m e 
strength in some sense . 

Start ing f rom the LEP 
measurements of the force s t rengths, 
and using quan tum theory to 
extrapolate them to smal ler 
d is tances, it has been found that the 
st rengths could be the s a m e at 
d is tances near the Planck d is tance. 
A l though supersymmet ry w a s not 
invented to make an effect ive theory 
that could be consistent wi th jo in ing 
such higher mass scales wi th the 
Standard Model , it tu rned out to a l low 
that prob lem to be so lved. There is 
an assoc ia ted predict ion: the 
symmet ry requires a doubl ing of the 
number of part ic les, one very 
ana logous to the doubl ing w h e n 
ant ipart ic les were in t roduced by 
Dirac about 70 years ago. 

If the supersymmetr ic S tandard 
Model is to be a consis tent effect ive 
theory, the new part ic les 
("superpartners") must be near the 
Standard Model part ic les in mass , 
wi th masses not much larger than 
those of the W and Z wh ich have 
been studied at LEP. 
Supersymmet ry has addi t ional 
attract ive features and cons is tency 
requi rements that reinforce the idea 
that the new part icles will be in this 
mass region. More specif ical ly, the 
a rguments suggest that the 
superpar tners of W, the photon , and 
the Higgs boson are l ikely to have 
masses accessib le at LEP. They 
shou ld be heavy enough that few, if 
any, have been produced so far, but 
s o m e should be p roduced in the next 
two LEP runs. It is not a theorem -

supersymmet ry is not exc luded f rom 
being true if they are not found at 
LEP, but there is a suggest ion that 
we unders tand supersymmet ry less 
wel l than we think if they are not 
found . 

There are also a rguments that the 
superpar tner of the top quark is l ikely 
to be light enough to be found at 
LEP, though they are not as st rong 
as the a rguments for the partners of 
the W, the photon, and the Higgs. 
The actual part ic les detected shou ld 
be quan tum mechanica l mixtures of 
those ment ioned above that have 
defini te mass rather than defini te 
symmet ry propert ies. They are cal led 
"neutral inos" and "charginos". 

Even better, supersymmet ry 
suggests that the Higgs boson itself 
should be observab le at LEP.« In a 
supersymmetr ic wor ld there are very 
general a rguments that the mass of 
the Higgs boson should be less than 
about twice the W mass , but that is 
still too large for LEP, wh ich will be 
sensi t ive up to at most about 5/4 the 
W mass. But when detai led 
supersymmet r ic models incorporat ing 
as much informat ion as possib le are 
made , they usual ly lead to Higgs 
boson masses that are wi thin the 
range of LEP. Aga in , it is not a 
theorem, but it is what comes out of 
the best present analyses. 

Basical ly, in supersymmet ry the 
mass of the Higgs boson is 
calculable, but the va lue depends on 
some parameters of the theory that 
are not yet themse lves calculable or 
measured . Using constra ints f rom 
other informat ion and good 
assumpt ions impl ies the Higgs boson 
shou ld be observed at LEP. 

Ideally a few superpar tners and a 
Higgs boson will be found at LEP. 
However the most important result 
will of course be the basic d iscovery 
of the new physics. W e will have 

landed on the shore of a new wor ld 
to be exp lo red . Even though only 
tens of events of each can be 
co l lected, it is possib le to deduce 
signi f icant in format ion f rom l imited 
data w h e n they fit into a theory. Then 
more informat ion will be obta ined 
f rom the Fermi lab col l ider when it 
takes data after its luminosi ty 
upgrade, in about two years , and 
then f rom C E R N ' s LHC. 

Fermi lab and LHC provide rather 
comp lemen ta ry informat ion, being 
main ly sensi t ive to dif ferent 
superpar tners . The LHC will be a 
superpar tner and Higgs boson 
factory. A higher energy lepton 
col l ider wi th polar ized beams will 
probably also be necessary to learn 
what is needed to fully understand 
the structure of the supersymmetr ic 
theory. 

Somet imes people suggest that 
what is most l ikely to emerge f rom 
higher energy or intensity facil i t ies is 
a surpr ise, as happened so often in 
the past before the establ ishment of 
the S tandard Mode l . Because the 
Standard Model is a full quan tum 
field theory that is now wel l 
es tab l ished and tested 
exper imenta l ly , it a l lows us to 
formulate quest ions and to think 
th rough expectat ions in new ways 
that were not possib le historical ly 
before the Standard Model . Based 
on that th ink ing, it is now fair to say 
that the d iscovery of superpar tners 
and a Higgs boson have in a sense 
become the default . For many 
workers in the f ie ld, it wou ld be more 
surpr is ing if they were not found at 
LEP than if they were . 

by Gordon Kane, Randall Lab of 
Physics, University of Michigan 
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P h y s i c s m o n i t o r 

Synthetic Higgs. Simulation of what the CMS 
detector at CERN's LHC proton collider might 
see from 2005. This shows a Higgs decaying 
into (left) two sprays ('jets') of hadrons 
(strongly interacting particles), and (right) two 
electrons, together with a few accessory 
particles. 

LHC physics vision 

W hen C E R N ' s LHC col l ider 
begins operat ion in 2005 , it wil l 

open a w ide new w indow on phys ics. 
However the v iew is expec ted to be 
so panoramic that the phys ics 
commun i ty is a l ready busy gett ing its 
v is ion tested so as to be able to 
apprec iate every detai l of the v iew 
when the curtain goes up. 

Thus to review current knowledge 
and to organize and st imulate further 
theoret ical s tudies, a week- long 
Workshop on "The Theory of LHC 
Processes" was held at C E R N f rom 9 
- 1 3 February, o rgan ized and 
sponsored by C E R N ' s Theory 
Divis ion. 

Strong encouragement for the 
Workshop had c o m e f rom the large 
physics commun i ty wh ich has much 
to gain by mainta in ing act ive phys ics 
d iscussion dur ing the long years of 
LHC mach ine and detector 
construct ion.-The LHC Commi t tee 
warmly endorsed the init iative and 
prompted col laborat ion f rom the 
exper imenta l g roups. 

The Theory Division organ izes a 
few Workshops every year on 
specia l ized topics, and in this 
f ramework the idea of a W o r k s h o p on 
theoret ical aspects of LHC physics 
was enthusiast ical ly adop ted . 

The response w a s impress ive, wi th 
some 120 part ic ipants f rom outs ide 
C E R N , consp icuous a m o n g them 
being some 20 d is t inguished visi tors 
f rom the United States, many 
contr ibut ing invited ta lks. 

The first day focused on input f rom 
exper iments . Joey Huston (Mich igan 
State) summar i zed the exper iments 
at Fermi lab's Tevat ron wh ich will be 
act ive before the LHC star tup. After 
this appet izer, the main course of 
theoret ical d e m a n d s f rom the LHC's 
A T L A S , C M S and LHC-B 

exper iments were a natural focus of 
at tent ion, with presentat ions by 
Daniel Fro idevaux, Daniel Denegr i 
and Ta tsuya Nakada. (The heavy ion 
part of the LHC p rogramme will be 
covered at a more specia l ized 
meet ing.) 

James Stir l ing of Durham (UK) 
presented a comprehens ive review 
on quark /g luon structure funct ions in 
connect ion wi th the LHC p rog ramme, 
and this d iscussion cont inued on 
Tuesday morn ing. The af ternoon 
sess ion was devoted to review talks 
on jets by Wal ter Giele (Fermi lab) , on 
W and Z Product ion by Keith Ellis 
(Fermi lab) and on Q C D in Dense 
Matter by Yuri Dokshi tser (Mi lan). 

The W e d n e s d a y sess ion opened 
with a thorough overv iew of the 
status of theoret ical calculat ions on 
the product ion of Higgs and 
supersymmetr ic part ic les by Michael 
Spira (DESY) , fo l lowed by shorter 
presentat ions on special topics on 
Higgs product ion and detect ion. 
Supersymmet ry (SUSY) is high on 
the LHC agenda , and in the 
af ternoon came three review ta lks: 
the Min imal Supersymmetr ic 
Standard Model by Howard Baer 
(Flor ida State), on more general 
approaches by Gordon Kane 
(Michigan) and on gauge media ted 
S U S Y models by Sandro 
Ambrosan io (DESY) . An open 
d iscuss ion on S U S Y searches at the 
LHC w a s chai red by Howard Haber 
(Santa Cruz) . 

Supersymmet ry searches cont inued 
into Thursday morn ing wi th a number 
of spec ia l ized contr ibut ions, whi le in 
the a f ternoon it was the turn of heavy 
f lavour phys ics to come under the 
spot l ight. Yoss i Nir (Weizmann) 
presented the projected status of B 
phys ics at the startup of LHC, after 
the commiss ion ing of the new 
generat ion of B factor ies; 
Miche lange lo Mangano (CERN) 
d iscussed the product ion propert ies 
of heavy quarks , and f inally Scott 
Wi l lenbrock (Il l inois) presented a very 
comple te overv iew on top quark 
phys ics at the LHC. 

Wi th s imulat ion an increasingly 
impor tant aspect of exper imenta l 
work , an informal d iscussion on 
event generators and analyt ical 
ca lcu lat ions and their impl icat ions for 
exper imenta l s imulat ion, led by 
Mangano , began the last day. A 
sess ion on short contr ibut ions on 
phys ics beyond the Standard Model 
fo l lowed. Finally, the f inal a f ternoon 
sess ion w a s devoted to event 
genera tors wi th a comprehens ive 
introduct ion by Brian Webber 
(Cambr idge) and more specif ic 
presentat ions by Torb jorn Sjost rand 
(CERN) and Michael Seymour 
(Ruther ford App le ton) . 

Despi te the remoteness of the year 
2005 , the LHC physics Workshop 
w a s very posi t ive and similar 
meet ings are foreseen to keep the 
f lame of LHC physics burning 
brightly. 
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Bookshelf 

Homage to Tomonaga. Last year was the 50th 
anniversary of the renormalization procedure 
which opened the route to modern quantum 
electrodynamics and led to the 1965 Nobel 
prize for Richard Feynman, Julian Schwinger 
and Sin-ltiro Tomonaga for their independent 
contributions. In Japan this anniversary was 
marked by a special meeting at the Tanashi 
branch of the KEK Laboratory (formerly Tokyo 
University Institute for Nuclear Study), where 
the speakers included Tomonaga collaborators 
Gyo Takeda (left) and Daisuke Ito. Tomonaga, 
who died in 1979, proposed his new approach 
to electrodynamics during his regular Friday 
Tokyo seminars. 

The Story of Spin, by Sin-itiro 
Tomonaga, translated by Takeshi 
Oka, University of Chicago Press, 
ISBN 0 226 80793 2, $50 

Spin has a lways been a phys ics 
en igma. Emerg ing ghost l ike f rom the 
fog of a tomic spec t roscopy in the 
early 20th century, it f ound its 
explanat ion ( 'acrobatical ly ' , accord ing 
to Pauli) in Dirac's monumen ta l 
formulat ion of relativistic quan tum 
mechan ics . 

However even the name 'spin ' is a 
misnomer . As Landau and Lifshitz 
point out in their s tandard quan tum 
mechan ics tex tbook - 'this proper ty of 
e lementary part ic les is pecul iar to 
quan tum theory and therefore has in 
principle no classical interpretat ion. It 
wou ld be whol ly mean ing less to 
imagine the "intrinsic" angu lar 
m o m e n t u m of an e lementary part icle 
as being the result of rotat ion a round 
its own axis. ' 

To compound the spin en igma, the 
decept ive ly s imple relat ion be tween 
spin and quan tum stat ist ics wh ich 
emerges f rom the intr icacies of 
relativistic quan tum mechan ics still 
awai ts a s imple exp lanat ion. 

Th is del ightful book, or iginal ly 
publ ished in Japanese in 1974 
(Tomonaga died in 1979) , is, wi th 
s o m e just i f icat ion, c la imed to be the 
most comple te and access ib le 
t reatment of sp in. Presented as a 
ser ies of lectures, it beg ins wi th the 
efforts of Sommer fe ld , Lande and 
Pauli to d isentangle the detai ls of 
a tomic spect roscopy, and goes on to 
cover the emergence of the quan tum 
mechanica l explanat ion of e lectron 
sp in , first by Pauli and then by Dirac, 
the d iscovery of proton sp in , the 
relat ion be tween spin and quan tum 
stat ist ics, and the emergence of 

isopin in nuclear physics. Lovingly 
t rans lated, the incisive formal ism is 
in terspersed with anecdotes , £nd the 
book 's evocat ive final chapter 
abandons formal ism to survey 
Japanese physics f rom 1925-40, 
where the f igure of Y u k a w a looms 
large. 

Tomonaga ' s personal i ty is ev ident 
despi te the physics rigour. A 
c lassmate of Y u k a w a at Kyoto, he 
sett led at Tokyo after initial spel ls at 
the R IKEN research centre and two 
years with Heisenberg at Leipzig. In 
1947 he independent ly deve loped a 
modern fo rm of quan tum 
e lec t rodynamics in comple te 
ignorance of the measurement of the 
Lamb shift wh ich st imulated 
Schwinger and Feynman in the US. 
For their quan tum e lec t rodynamics 
work, Feynman , Schwinger and 
T o m o n a g a shared the 1965 Nobel 
pr ize. 

As the book original ly appeared 
some t ime ago, there is noth ing on 
quark /g luon spins and the new 
en igma of how const i tuents carry the 
spin of the proton. Spin cont inues to 
be enigmat ic . 

Paul Dirac: The Man and his Work, 
by Abraham Pais, Maurice Jacob, 
David I. Olive and Michael F. Atiyah, 
edited by Peter Goddard, Cambridge 
University Press, ISBN 0 521 58382 
9(hbk£12.95/$19.950 

On 13 November 1995, a p laque in 
London 's Wes tmins te r Abbey was 
ded ica ted to the memory of Paul 
Dirac. Th is s l im (120-page) vo lume 
conta ins four lectures on Dirac's life 
and work g iven at London 's Royal 
Society prior to the ceremon ies in the 
Abbey , together wi th an introduct ion 
by S tephen Hawk ing . 

Despi te his legendary taciturnity 
and ret icence, Dirac was an avid 
travel ler and a f requent visitor to 
scienti f ic meet ings , d rawing on this 
contact , Pais summar i zes Dirac's 
personal qual i t ies and their impact on 
his approach to physics. Maur ice 
Jacob of C E R N descr ibes Dirac's 
c lassic wo rk on ant imat ter and its 
impl icat ions for modern physics and 
cosmo logy . 

O n e of Dirac 's specia l 
p reoccupat ions w a s magnet ic 
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B o o k s h e l f 

People and 
things 

monopo les . A l though this work w a s 
not initially fruitful, magnet ic 
monopo les now play a specia l role in 
revolut ionary new physics th ink ing, 
as descr ibed by Ol ive, a p ioneer of 
this new approach . At iyah d isp lays 
the s igni f icance of the Dirac equat ion 
in modern geometry , again touch ing 
on the new deve lopments . 

Edwin Hubble - Mariner of the 
Nebulae, by Gale E. Christianson, 
Institute of Physics Publishing, 0 
7503 0423 5 

In the 1920s, Edwin Hubb le used the 
mighty 100- inch te lescope on Mount 
Wi lson to spearhead another 
Copern ican revolut ion, show ing that 
the visible Universe is much larger 
than the Milky Way , and that distant 
galaxies recede with veloci t ies 
proport ional to their remoteness - the 
'Hubble expans ipn ' . Hubb le 's 
mult i far ious talents as a spo r t sman , 
soldier and lawyer have over the 
years been embel l i shed by ferti le 
imaginat ions. Chr is t ianson's book, 
using hitherto un tapped sources , 
rounds out the story of Hubble the 
man and burn ishes the legend. 

Books received 

Mathematical Methods for Physics 
and Engineering, by K.F. Riley, M.P. 
Hobson and S.J. Be nee, Cambridge 
University Press, 0 521 55506 X (hbk 
£59/$110) 0 521 55529 9 (pbk 
£17.95/$49.95) 

A 1,000-page vo lume wi th worked 
examples and exerc ises 

Group Theory in Subnuclear Physics, 
by Fl. Stancu, Oxford Science 
Publications, 0 19 851742 4 (£75) 

Elements of Group theory; 
permutat ion, Lie, or thogonal , Lorentz 
and unitary groups, gauge groups, 
and quark appl icat ions. 

UK Minister of Science, Energy and Industry 
John Battle (left) with Aleph experiment 
spokesman Peter Dornan of London's Imperial 
College at CERN on 23 February. t 

First collisions in DAFNE 

Very soon after the completion of 
construction of the DAFNE electron-
positron collider at the INFN National 
Laboratory in Frascati and injection 
of its first electrons (December 1997 
page 12), comes the first single 
bunch electron-positron collisions 
with luminosities of the order of a few 
times 1028 per sq cm per s, which is 
already ten times that achieved at the 
same energy with Frascati's pioneer 
ADONE ring. In these early colli­
sions, the DAFNE beam current was 
a few milliamps - more than 40 
milliamps have been achieved with 
single beams. DAFNE has a design 
luminosity of 5 x 1032 at the phi 
resonance (1.02 GeV). 

T(\ ft: 
*\ V -
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P e o p l e a n d t h i n g s 

Scientists and representatives from the 
German Federal Ministry of Education, 
Science, Research and Technology (BMBF) 
attended a colloquium to mark the retirement 
of distinguished DESY scientist Paul Sôding 
(centre), Head of DESY's branch institute in 
Zeuthen, Brandenburg (Berlin). Among them 
were DESY Director Bjorn Wiik (left) and 
CERN Council President Hans Eschelbacher 
(right). 

(Photo Petra Folkerts) 

On people 

Hermann Grunder, Director of the 
Jefferson Laboratory, Newport News, 
Virginia, (formerly known as the 
Continuous Electron Beam 
Accelerator Facility - CEBAF) has 
been named 1998 Outstanding 
Scientist in the state of Virginia. 

Paul Sôding retires 

Distinguished scientist Paul Sôding, 
Head of DESY's branch institute in 
Zeuthen, Brandenburg (Berlin), and 
professor of experimental physics at 
Hamburg and at Humboldt 
University, Berlin, retired on 1 March. 
As a long-standing DESY Research 
Director and as a scientist, Soding 
has contributed significantly both to 
physics and to science 
administration. 

Born in 1933 in Dresden, Sôding 
studied at Hamburg and Munich. 
When high energy physics research 
was initiated in Hamburg, he joined 
pioneer bubble chamber experiments. 
After several periods at CERN, 

Berkeley and Cornell, he became a 
Leading Scientist at DESY. 

With the advent of the PETRA 
electron-positron accelerator, Sôding 
played a key role in the construction 
and exploitation of the TASSO 
detector, where the first direct 
evidence for gluons was seen in 
1979. For this historic discovery, he 
was one of the four 1995 recipients 
of the European Physical Society's 
prestigious High Energy and Particle 
Physics Prize. 

As DESY Research Director from 
1982 - 91, Soding led preparations 
for and construction of the HERA 
electron-proton storage ring and its 
collision experiments H1 and ZEUS, 
surmounting many obstacles. 

When the former Institute for High 
Energy Physics of the East German 
Academy of Sciences in Zeuthen 
became a branch institute of DESY in 
1992, he played an important role in 
its integration into DESY. An 
independent programme of 
elementary particle physics is now 
carried out in Zeuthen in close 
collaboration with DESY, CERN and 
other research institutes in Germany 
and further afield. 

Ulrich Gensch (53), a leading 

scientist at Zeuthen since 1972, 
takes over as the institute's director. 
Until 1987, he worked at Serpukhov 
and Dubna and at CERN. In 1987 he 
became a member of the Zeuthen 
group which joined the international 
H1 collaboration. He has been a 
member of the PESY Directorate 
since 1995, responsible for the 
Central Technical Research and 
Computing department. 

Gertrude Scharff Goldhaber 1911 - 98 

Gertrude Scharff Goldhaber, eminent 
physicist and wife of former 
Brookhaven Director Maurice 
Goldhaber, died on 2 February. 

She began her physics career in 
1935 in antiferromagnetism with a 
PhD from Munich, moving on to 
London's Imperial College, Illinois 
and Brookhaven. As well as pioneer 
work on beta decay and nuclear 
fission, her contributions also 
spanned neutron and nuclear phys­
ics. She was a fellow of the American 
Physical Society, the US National 
Academy of Sciences and the Ameri­
can Association for the Advancement 
in Science. At Brookhaven, she 
promoted scientific awareness and 
was a founding member of the active 
Brookhaven Women in Science 
organization. 

Richard Slansky (1940-98) 

Richard Slansky, Director of the 
Theoretical Division of Los Alamos 
National Laboratory, died on 16 
January following a brain aneurysm. 
Initial studies at Harvard and 
Berkeley were followed by a 
postdoctoral fellowship at Caltech 
and five years at Yale. Slansky came 
to Los Alamos in 1974 to join the 
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P e o p l e a n d t h i n g s 

Richard Slansky (1940-98) Bob Jaffe was one of the lecturers at a recent 
meeting Veep Inelastic Scattering off 
Polarized Targets - Theory meets Experiment' 
held at DESY-Zeuthen. 

newly-formed elementary particle 
physics theory group set up by Peter 
Carruthers (who died last year). He 
worked on the phenomenology of 
particle production and moved on to 
the symmetries and problems of the 
unification of the forces of nature, 
including neutrino masses. In 1989 
he was named division leader. 
A fellow of the American Physical 
Society and the American Associa­
tion for the Advancement of Science, 
he was also an adjunct professor of 
physics at UC Irvine. Dick was a 
great believer in the quality of sci­
ence and worked hard to build a 
strong workforce in his division 
through a consistent series of out­
standing postdoctoral and 
Oppenheimer fellowship appoint­
ments. His dedication to and deep 
interest in fundamental scientific 
questions was characterized by a 
boyish sense of enthusiasm and 
wonderment about science. He also 
strived to improve communication 
and collaboration that cut across 
scientific boundaries. He was also a 
regular visitor to CERN's Theory 
Division. 

Chinese Deputy Prime Minister Li Lanqing 
(right) with eminent physicist Sam Ting during 
a visit to CERN on 4 February. The party 
included 60 Chinese dignitaries including 10 
ministers. 

XVII International Conference on 
High Energy Accelerators 

The Joint Institute for Nuclear 
Research (JINR), Dubna, near 
Moscow, will host the 17th 
International Conference on High 
Energy Accelerators - HEACC'98. 
These conferences are held every 
three years and traditionally involve 
about 600 specialists. The 
Conference will be held in Dubna, 
Moscow Region, Russia, on 7-12 
September. It is supported by the 
Russian Academy of Sciences and 
the International Committee for 
Future Accelerators (ICFA). The 
scientific programme includes invited 
reports, mini-rapporteur talks and 
poster contributions. Leading t 

specialists from major accelerator 
centres will present status reports. 
The programme will also include 
round-table discussions on the 
current status of accelerator science. 
An industrial exhibition will attract 
firms and specialists in the fields of 
accelerator, vacuum, cryogenic and 
high-frequency technologies. 
Measuring and control instruments 
as well as power supplies will also be 
exhibited. The social programme will 
include excursions to Sergiev Posad 
(former Zagorsk) and Moscow, as 
well as concerts by Dubna artistic 

groups and professionals from 
Moscow. Detailed conference 
information via http://www.jinr.ru/ 
HEACC'98/ or contact the 
organizers fax (+7 09621) 65767 or 
phone (+7 09621) 65136 

SLAC Summer Institute 

The XXVI SLAC Summer Institute on 
Particle Physics will be on 'Gravity -
From the Hubble Length to the 
Planck Length' and will be held from 
August 3-14 at the Stanford Linear 
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Klaus Winter (centre) receives the prestigious 
1997 Bruno Pontecorvo Prize of the Joint 
Institute for Nuclear Research (JINR), Dubna, 
near Moscow. He is flanked by JINR Director 
Vladimir Kadyshevsky (right) and Venedikt 
Dzhelepov, Honorary Director of JINR's 
Laboratory of Nuclear Problems. 

Accelerator Center, Stanford, 
California. 

The Institute will consist of a seven-
day school followed by a three-day 
topical conference and is designed 
primarily, but not exclusively, for 
postdoctoral experimentalists and 
theorists. Advanced graduate 
students are welcome. 

Further Information - Lilian 
DePorcel, Conference Coordinator, 
SLAC, PO Box 4349, MS 62, 
Stanford, CA 94309, U.S.A. Phone: 
(650) 926-2710. Fax: (650) 926-
3587. Electronic Mail: 
ssi @ slac. Stanford, edu. 

http://www. slac. Stanford, edu/gen/ 
meeting/ssi/next/ 

DESY Theory Workshop 

The next DESY Theory Workshop 
will be on "Directions beyond the 
Standard Model" and will be held at 
DESY from 30 September to 2 
October. The Chairman is Hans-
Peter Nilles of Bonn, e-mail: 
bsm98@physik.uni-bonn.de It will 
cover theoretical ideas such as 
supersymmetry, baryon and lepton 
number violation, dynamical 
symmetry breaking etc. with 

Hi-phi: Raw data from the CMD-2 detector at 
Novosibirsk's VEPP-2M electron-positron 
collider, showing events with two charged 
tracks and an arbitrary number of photons 
selected at the energy corresponding to the 
phi (f) meson at 1019 MeV. The vertical axis is 
the total momentum of two tracks in MeV, 
while the horizontal axis gives the angle 
between the tracks, with the x=0 line corre­
sponding to collinear events. The grouping of 
events around 500 MeV comes from electron-
positron, muon and pion pairs. The cluster near 
100 MeV is due to charged kaon pairs. The ring 
is due to neutral kaon pairs, with the (short­
lived) kaon decaying into two pions. The cone 
below 500 MeV is due to events producing an Ptotal X / s 

electron-positron pair and a gamma. 
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Our 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, FHTSL 
D-65926 Frankfurt, Germany 
Tel: (+49) 69 -305-166 54 
Fax: (+49) 69-305-164 36 
E-mail: hts@crt.hoechst.com 

l o e c h s t 

G e t y o u r p h y s i c 

k n o w l e d g e 

at 
w w w . f r e i h o f e r . c h 

ACADEMICA 
Universitâtstrasse 11 
Postfach, 8033 Zurich 
Tel. 01/363 42 88, Fax 01/261 53 92 

c y b e r c @ v e 
Predigerplatz 24 
Postfach, 8033 Zurich 
Tel. 01/261 08 21, Fax 01/261 08 22 

GEC ALSTHOM 
A commitment to excel lence 
in app l ied superconductivity 

Wires 
N b T i / C u 
N b T i / C u N i / C u 
N b T i / C u N i 
N b 3 S n 

Cables 

Aluminium jacketed 
conductors 

For . M R I - M R S magnets 

. Col l ider magnets 

. Detector magnets 

. SMES appl icat ions 

. Fusion appl icat ions 

AC Applications 
. Cur ren t limiters 

Transformers 
Gene ra to rs 

Gee Alsthom one of the world leaders 

in superconducting cables and wires 

For any further information, 

please contact us 

G E C A L S T H O M 

POWER GENERATION 

3, avenue des Trois Chênes - 90018 Belfort Cedex, France 

Tél. +33 (0)3 84 55 32 26 - Fax +33 (0)3 84 55 16 15 
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emphasis on implications in particle 

physics, astrophysics and 

cosmology. 

Fermilab meetings 

May 7-9, PIXEL98 - International 

Pixel Detector Workshop. http://www-

ppd. fnal.gov/epp_ www/PIXEL98/ 

PixelWorkshop. html 

May 14-16, "Physics at Run II" -

Workshop on Supersymmetry/Higgs: 

First General Meeting, M. Carena 

and J. Lykken, Co-Chairs; http:// 

fnth37.fnal.gov/may__meeting.html 

September 24-26, 4th Workshop on 

Small-x and Diffractive Physics; 

Michael Albrow (Fermilab) and Alan 

White (Argonne) Co-Chairs; http:// 

www. hep. anl.gov/Theory/smxdf. html 

Around 60 physicists, including many former 
colleagues and collaborators, came to 
Durham, UK, last December for a meeting to 
mark the 60th birthday of Alan Martin (sweater, 
centre front) and his many contributions to 
theoretical particle physics - ranging from pion 
scattering phase shift analyses to precision 
electroweak results from LEP. 

CERN Courier 
contributions 
T h e E d i t o r w e l c o m e s c o n t r i b u ­
t i o n s . T h e s e s h o u l d be s e n t v i a 
e l e c t r o n i c m a i l t o 
c e r n . c o u r i e r @ c e r n . c h 

P la in t e x t (ASCI I ) is p r e f e r r e d . 
I l l u s t r a t i o n s s h o u l d f o l l o w b y 
m a i l ( C E R N C o u r i e r , 1211 
G e n e v a 23, S w i t z e r l a n d ) . 

C o n t r i b u t o r s , p a r t i c u l a r l y 
c o n f e r e n c e o r g a n i z e r s , c o n ­
t e m p l a t i n g l e n g t h y e f f o r t s 
( m o r e t h a n a b o u t 500 w o r d s ) 
s h o u l d c o n t a c t t h e E d i t o r ( b y 
e - m a i l , o r f a x +41 22 782 1906) 
b e f o r e h a n d . 

External 
correspondents 
Argonne National Laboratory, (USA) 

D. A y r e s 

Brookhaven, National Laboratory, (USA) 
P. Yamin 

CEBAF Laboratory, (USA) 
S. Corne l iussen 

Cornell University, (USA) 
D. G. Cassel 

DESY Laboratory, (Germany) 
Ilka Flegel , P. Waloschek 

Fermi National Accelerator Laboratory, 
(USA) 

J u d y J a c k s o n 

GSI Darmstadt, (Germany) 
G. Siegert 

INFN, (Italy) 
A. Pascol in i 

IHEP, Beijing, (China) 
Qi Nading 

JINR Dubna, (Russia) 
B. S ta rchenko 

KEK National Laboratory, (Japan) 
A. Maki 

Lawrence Berkeley Laboratory, (USA) 
B. Feinberg 

Los Alamos National Laboratory, (USA) 
C. Hof fmann 

NIKHEF Laboratory, (Netherlands) 
Margriet van der Hei jden 

Novosibirsk Institute, (Russia) 
S. E ide lman 

Orsay Laboratory, (France) 
Anne-Mar ie Lutz 

PSI Laboratory, (Switzerland) 
P.-R. Kett le 

Rutherford Appleton Laboratory, (UK) 
Jacky H u t c h i n s o n 

Saclay Laboratory, (France) 
El isabeth Locc i 

IHEP, Serpukhov, (Russia) 
Yu. Ryabov 

Stanford Linear Accelerator Center, (USA) 
M. Riordan 

TRIUMF Laboratory, (Canada) 
M. K. C r a d d o c k 
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T H E M A N Y F A C E S 
OF P R I N T I N G 

Lannoo has been printing since 1 9 0 9 - almost 90 

years of craftsmanship, experience and dynamism. 

Lannoo Printers is a fully integrated company 

with its own studio, prepress department 

(incl. database publishing and multimedia facilities), 

print shop, bindery and distribution organisation. 

We specialize in quality printing of books, 

brochures, annual reports, greeting cards, 

diaries, calendars and magazines. 

150 professionals with a passion for quality 

and never-ending concern for customer requirements 

are ready to answer your specific questions. 

Lannoo Printers 

Kasteelstraat 97 • B-8700 Tielt • Belgium 

Tel. 32 5 1 / 4 2 42 11 • Fax 32 5 1 / 4 0 70 70 

E-mail: lannoo@lannooprint.be 

lannoo 

A unique advertising medium 
for scientific 

and technical equipment 

C E R N C O U R I E R is the internat ional ly recognized 
news magaz ine of high energy phys ics. Distr ibuted to 
all the major Laborator ies of the wor ld act ive in this 
dynamic f ield of fundamenta l research, it is compu l ­
sive reading for scient ists, eng ineers , administ rators, 
informat ion med ia and buyers . Wr i t ten in s imple 
language and publ ished s imul taneous ly in Engl ish 
and French it has become the natural communica t ion 
med ium for part icle physic is ts in Europe, the USA, 
Russia, Japan - everywhere where the fundamenta l 
nature of matter is s tud ied. 

Pub l ished f rom C E R N , Sw i t ze r land , it a lso has 
co r responden ts in the Labora tor ies of A rgonne , 
Berkeley, B rookhaven , Corne l l , Fermi , Los A lamos 
and Stanford in the USA, Darmstadt , DESY and 
Kar lsruhe in Germany , Orsay and Saclay in France, 
Frascât i in Italy, Ruther ford in the U.K., PSI in 
Swi tzer land, Serpukhov , Dubna and Novosib i rsk in 
Russia, KEK in Japan , T R I U M F in Canada and 
Beij ing in Ch ina. 

The annual expendi ture on high energy physics in 
Europe is about 1800 mil l ion Swiss f rancs. The 
expendi ture in the USA is about $ 1100 mil l ion; There 
is also cons iderab le expendi ture in Russia. 

C E R N C O U R I E R is the w a y into all high energy 
physics research Laborator ies. If you have a market 
in this f ie ld, there is no surer w a y to make your 
p roduc t s k n o w n t h a n by adve r t i s i ng in C E R N 
C O U R I E R . 

All enquir ies to: 

E u r o p e 
Advertising Manager 
Micheline Falciola 
CERN COURIER 
CERN 
CH-1211 GENEVA 23 
Tel. 41 (022) 767 41 03 
Telex 419 000 CER 
Telefax 41 (022) 782 19 06 

Res t o f t h e w o r l d 
Guy Griffiths 
Advertising Manager, USA 
Gordon and Breach Publishers 
820 Town Center Drive 
LANGHORNE PA 19047 
Tel.: (215) 750-2642 
Fax: (215) 750-6343 
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High-Tech Superconductors produced by 
a world leading industrial Group 

JEFFERSON LAB HALL C 
POSTDOCTORAL POSITIONS 

Thomas Jefferson National Accelerator Facility (formerly CEBAF) is a 
DOE-sponsored laboratory operated by the Southeastern Universities 
Research Association. Jefferson Lab's primary mission is to study strongly 
interacting mat te r with multi-GeV electromagnetic probes. The experi­
mental program includes both high energy nuclear physics and low energy 
particle physics. The laboratory routinely operates a t 4 GeV maximum 
beam energy but will achieve 6 GeV by the year 2000. 
Jefferson Lab invites applications for two post-doctoral research associ­
ate positions in the Hall C group. The core Hall C equipment consists of 
two focusing magnetic spectrometers, high power 12H and 3AHe cryogenic 
targets , and dynamically polarized H and D targets . Flexibility is the 
key to the Hall C program so special purpose detectors and targets are 
brought in as needed. In the first two years of operations, we have 
completed 7 experiments. Our experimental program for the next 3 years 
includes measurements of the neutron electric form factor, deuteron photo-
disintegration, the pion charge form factor, inclusive and exclusive mea­
surements in the nucléon resonance region, electroproduction of lambda 
hypernuclei, and studies of short range correlations. Preparat ions for 
the GO pari ty violation experiment are also underway. The successful 
candidates will play a role in the preparation, da ta taking, and analysis 
for these experiments, and assist in the design of future experiments. 
Leadership roles are possible by mutua l agreement with experiment 
spokespersons. 
A Ph.D. in Experimental Nuclear, Particle, or High-Energy Astrophysics 
is required. Experience in analyzing da ta from intermediate/high energy 
experiments is essential, and a background in lepton-nucleus physics 
would be a plus. The appointments will be made initially for one year 
and are renewable. Applicants should send a curriculum vitae, copies of 
any recent (un)published work, and arrange to have let ters from three 
references sent to: 

Jefferson Lab 
Attn: Employment Manager 

Mail Stup 28D 
12000 Jefferson Avenue 
Newport News, VA 23606 

Please specify position number PT2116 and job title when applying. 
Jefferson Lab is an Affirmative Action/Equal Opportunity Employer. 

LARGE SCALE PRODUCTION OF: 
- Nb/Ti and Nb^Sn wires 
- Rutherford cables 
- Coextruded AI stabilized cables 
- CIC with AI alloy and stainless steel jackets 
- High temperature superconductors 

EUROPA METALLLpa 
SUPERCONDUCTORS DIVISION 
55052 FORNACI Dl BARGA (Lucca) • Italy 
Phone+ 39 (583) 701422 -701447 
Fax + 39 (583) 75007 

T e c h n i c a l S t a f f M e m b e r 
S U M M A R Y : Sr.-Level Mechanical Engineer for the 
LANSCE Division's Accelerator Physics and Engineering 
Group. Lead design, fabrication, procurement and 
testing of beamline cryostats for superconducting 
linear accelerators, storage rings, beam t ranspor t 
systems, beam diagnostics, and related electron/ ion 
beam accelerat ion/transport equipment. W o r k w i th 
linac and beam transport physicists, engineers/designers, 
and fabrication/test technicians, t o define requirements 
and implement engineering designs for cryostats and 
related hardware. D i rect designers, technicians and 
subcontractors in hardware development/product ion. 
Create technical specs for in-house and subcontract 
beamline cryostat development /product ion. 

R E Q U I R E D S K I L L S , K N O W L E D G E , A B I L I T I E S : 
Extensive design-through-testing experience of beamline 
cryostats and linear accelerators and/or beam 
t ranspor t systems; technical direct ion of mechanical 
engineers/designers and fabrication/test technicians. 

D E S I R E D S K I L L S , K N O W L E D G E , A B I L I T I E S : 
Design/testing/fabrication experience for normal- and 
superconducting linear accelerator cavities, storage rings, 
magnets, beam diagnostic devices/transport systems, and 
related hardware; knowledge of commercial f inite element 
thermal and structural analysis codes; ability t o create 
applications code in FORTRAN and/or C; experience wi th 
C A D plus C N C manufacturing and inspection. 

E D U C A T I O N , T R A I N I N G , O R L I C E N S I N G : Masters 
degree in Mechanical Engineering plus 10 years' relevant 
experience o r a qualifying combinat ion. 

We offer an excellent compensation and benefits package 
including medical/dental insurance,403(b) and more. 
For consideration, please send your resume referencing 
C E R N 983341 to: jobs@lan l .gov (no attachments, please); 
or mail to: Los A l a m o s N a t i o n a l L a b o r a t o r y , H u m a n 
Resources D i v i s i o n , C E R N 9 8 3 3 4 1 , Mai l S t o p P286, 
Los A l a m o s , N M 87545. Equal Oppor tun i ty Employer. 

L o s A l a m o s 
N A T I O N A L L A B O R A T O R Y 

w w w . l a n l . g o v 

OPERATED BY THE UNIVERSITY OF CALIFORNIA FOR THE DEPARTMENT OF ENERGY 
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Rwm RHEINISCH 
WESTFÀL ISCHE 
TECHNISCHE 
HOCHSCHULE 
A A C H E N 

In der Mathematisch-Naturwissenschaftlichen Fakultât / Fachbereich 1 sind 
zu besetzen: 

Universitatsprofessur (C4 BBesG) 
fiir Experimentalphysik 

(Nachfolge Prof. K. Liibelsmeyer) 

und eine 

Universitatsprofessur (C3 BBesG) 
fur Physik 

Bewerberinnen und Bewerber fiir beide Professuren sollen im Bereich 
Experimented Elementarteilchenphysik arbeiten und dieses Fach in 
Forschung und Lehre vertreten. 
Die Zusammenarbeit mit bestehenden Gruppen der experimentellen 
Elementarteilchenphysik und Gruppen der theoretischen Physik ist erwiinscht. 
Zu den Lehrverpflichtungen gehôren neben der Ausbildung von Studierenden 
der Physik: Im Falle der C4-Professur, die Beteiligung an der Ausbildung von 
Studierenden in den Natur- und Ingenieurwissenschaften, im Falle der C3-
Professur, die Ausbildung und Betreuung von Studierenden des Lehramts 
Physik. 
Einstellungsvoraussetzungen sind Habilitation oder gleichwertige wissen-
schaftliche Leistungen sowie pâdagogische Eignung. 
Die Bewerbung von Schwerbehinderten ist erwiinscht. 
Die RWTH Aachen strebt eine Erhohung des Anteils der Frauen in der 
Forschung und Lehre an. Bewerberinnen und Bewerber werden gebeten, sich 
mit den iiblichen Unterlagen (Lebenslauf, Darstellung des wissenschaftlichen 
bzw. beruflichen Werdeganges, Schriftenverzeichnis) bis zum 

30. Mai 1998 
and den 

Dekan der Mathematisch -Naturwissenschaftlichen Fakultât 
Fachbereich 1 
RWTH Aachen 
52056 Aachen 

zu wenden. 

POSTDOCTORAL RESEARCH IN 
EXPERIMENTAL PARTICLE PHYSICS 

University of California, Riverside 
The Department of Physics invites applica­
tions for postdoctoral research posit ions in 
experimental particle physics. The appointed 
individuals are expected to participate in the 
on-going research projects of the group, 
which include the e+e~ experiment OPAL at 
LEP and the C M S at L H C . Candidates, who 
are recent recipients of the Ph.D., should 
submit a resume and list of publications and 
arrange for three letters of recommendation 
to be sent to: P ro fessor B e n j a m i n C . Shen , 
D e p a r t m e n t o f P h y s i c s , ^ U n i v e r s i t y o f 
C a l i f o r n i a , R i v e r s i d e , C A 9 2 5 2 1 , U S A . 
Review of applications will begin on May 
15, 1998 and will continue until the position 
is filled. The University of California is an 
Equal Oppor tuni ty , Affirmative Act ion 
Employer. 

Experimental Research 
Associates 

The Stanford Linear Accelerator Center (SLAC) is one of the worldis 
leading laboratories supporting research in high-energy physics. The labo-
ratoryîs program includes the physics of high-energy electron-positron col­
lisions, high- luminosity storage rings, high-energy linear colliders, and par­
ticle astrophysics. 

A limited number of post-doctoral Research Associate positions will be avail­
able in the coming year with research opportunities in the following areas: 

Preparing for B physics with the BABAR detector at the PEP II Asymmetric 
B Factory, helping design and build the detector sub-systems and get ready 
for physics 

Participating in a Particle Astrophysics program studying time-
dependent x-ray sources with the USA (1996 launch) and R&D for a 
high-energy gamma ray astronomy experiment in space (GLAST) 

These positions are highly competitive and require a background of 
research in high-energy physics and a recent PhD or equivalent. The 
term for these positions is two years and may be renewed. 

Applicants should send a letter stating their physics research inter­
ests, along with a CV, list of publications, and the names and 
addresses of three references to: Jean Lee, jeanlee@slac.stanford.edu, 
Research Division, M/S 80, SLAC, P.O. Box 4349, Stanford, CA 
94309. Equal opportunity through affirmative action. 

Stanford Linear 
Accelerator Center 

SLAC 

GRAN SASSO NATIONAL LABORATORY 
TECHNICAL DIRECTOR 

Gran Sasso National Laboratory is one of the four INFN national Laboratories. 
It is located close to the freeway from Rome to Teramo at 120 km from Rome 
and at 10 km from the closest town, L' Aquila. 
It consists of three large underground halls, under 1400 m rock overburden. 
Infrastructures (computing, workshops, library, laboratories and mounting halls) 
are located outside the tunnel, at about 7 km from the underground laboratories. 
The staff consists of 64 permanent positions plus a dozen of fixed term ones. 
The main mission of the Laboratory is to provide a low radioactive background 
environment for experiments searching for rare phenomena. Experiments on a 
long base line neutrino beam from CERN (Geneva, Switzerland) are also 
currently planned. The underground halls host a dozen of experiments ranging 
in size from very large (10 m x 15 m x 70 m) to very small and in different 
phases from commissioning to data taking. Users consists of about 500 
physicists, half of which Italians. 
The technical director will have responsibility of the overall coordination, 
systems integration, safety issues and day-to-day operations of the activities 
of the Laboratory. He/She will coordinate the responsibilities of the engineering 
staff of the Laboratory (strong of six engineers with overall ten year long 
experience and a number of technicians) and he/she must be able to positively 
interface with the scientific users of the Laboratory. Succesful candidates must 
have advanced degree in engineering or science and a proved multiannual 
experience in technical management of large size laboratories or complex 
experiments. Candidates should fluently speak English; the knowledge of the 
Italian language will be an element of preference though it is not mandatory. 
The appointment will be for a three year period and it might be renewed. 
Applications together with a curriculum vitae, a summary of the candidate 
professional, technical and scientifical career should be submitted to: 

Professor Alessandro BETTINI 
LABORATORINAZIONALI DEL GRAN SASSO 

S.S. 17 bis KM 18+910 
67010-ASSERGI (AQ) 

ITALIA 
not later than May 31,1998 
More information about Gran Sasso Laboratory are available at 
www.lngs.infn.it 
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Associate Scientists 
Beams Division 
The Fermi National Accelerator Laboratory (Fermilab) Beams Division has two excellent opportunit ies for Associate 
Scientists. These are initial three-year term appointments with a possible extension and considerat ion for a regular position 
on the Fermilab scientif ic staff. Both posit ions require a Ph.D. in physics (or equivalent) and two or three years of relevant 
post-doctoral experience. Excellent communicat ion skills and leadership potential are also required. 

Accelerator Physics 
The Assoc ia te Scient ist in this posi t ion will focus on appl icat ions of accelerator phys ics that are required by the 
Fermilab research program, but will also have some opportunity for self-directed research. The beam physics applications include 
opportunities to understand, operate and improve the performance of the Tevatron, Main Injector, Recycler or Antiproton 
Source, and to participate in the design of future accelerators and facilities. An excel lence demonstrated by significant post­
graduate work in accelerator physics, accelerator technology, particle physics or some related field is required for consideration. 

NuMI Project 
In this position, the Associate Scientist will assume a lead role in the Fermilab NuMI (Neutrinos at the Main Injector) Project, a 
search for neutrino oscillations. The NuMI Project includes the design, construction, operation and management of a high f lux 
neutr ino faci l i ty and detec tors that wi l l be used by both short and long base l ine exper imen ts .The successful candidate 
will be expected to make significant contributions to both the design and construction of the facility as well as to the experimental 
program. Additionally, the incumbent will make analytical and numerical calculations necessary for the design, fabrication and 
testing of technical components required for the neutrino beam and detectors. Experience and demonstrated excellence in 
both technical design and project management are required as is a strong interest in neutrino oscil lations. 

Located 40 miles west of downtown Chicago on a campus-l ike sett ing, Fermilab provides its employees with opportunities for 
personal and professional growth, compet i t ive salar ies, and an attractive benefi ts package. Appl icants are requested to 
forward their curriculum vitae and a list of at least three references to: Dr. S t e p h e n H o l m e s , Fermi Nat iona l Acce le ra to r 
L a b o r a t o r y , P.O. B o x 500, M.S. 306, Batav ia , IL 60510-0500, U.S.A. To access Employment Opportunit ies at Fermilab, our 
URL is < h t t p : / / f n a l p u b s . f n a l . g o v / e m p l o y / j o b s . h t m l > . EOE M/F/D/V. 

Fermilab 

• Cryogenics and Vacuum Technology 

Johann Wolfgang Goethe-Universitât 
Frankfurt am Main 

The Physics Department of the Johann Wolfgang Goethe University 
at Frankfurt / Main invites applications for a 

F u l l Professorship (C4) of A p p l i e d Physics 
The appointment is to begin in April 1999. 

Research in the group focuses on physical principles and applica­
tions of particle accelerators. Applications are solicited from scien­
tists with an outstanding record in research areas such as the physics 
of intense particle beams, ultrahigh-frequency physics, and the de­
velopment of modern particle accelerator systems. The prospective 
appointee is expected to participate actively in international large-
scale projects. 

Teaching obligations for undergraduate students cover the entire field 
of experimental physics. Willingness to participate in the autono­
mous academic administrative system is required. 

The University is seeking to raise the percentage of female members 
of the scientific staff and thus specifically encourages applications 
from women. 

The formal requirements to be fulfilled by the appointee are given by 
§ 39a H U G (Hessian University Law) . The regulations are available 
upon request. At the time of appointment, the appointee must not be 
older than 52. The law requires handicapped applicants to be given 
preference. 

Please send your resume within six weeks after appearance of 
this announcement to: Dekan des Fachbereichs Physik, 
Johann Wolfgang Goethe-Universitât, Postfach 11 19 32, 
D-60054 Frankfurt am Main (Postal address for parcels: 
Senckenberganlage 31, D-60325 Frankfurt) 

i s u y u u I certified 
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Q u e s t i o n A n a l y s i s E n g i n e e r i n g C r y o g e n i c s S o l u t i o n 

DeMaCo Holland BV at CERN: 

• Flexible Hel ium transfer lines DN 10 - DN 80 
• Rigid Hel ium transfer lines DN 10 - DN 80 
• Interconnecting transfer lines for Hel ium between 

upper and lower cold boxes at point 4 and point 6 
• Vacuum chambers as kick-out facility 
• .Nitrogen standard transfer lines 
• ..Valve boxes for Argon, Nitrogen and Helium 
• Cryostats 

Pleo.se feel free to contact us for your requirements 
in the field of: 

• Standard transfer lines 
• Special transfer lines 
• Vacuum chambers 
• Valve boxes. General Cryogenics 

and Vacuum technology 

Our, team of experts will be pleased to serve you. 

^^eMaCo 
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EMBL 
The European Molecular Biology Laboratory (EMBL), an international research organisat ion with its Headquarters Laboratory in 
Heidelberg (Germany), Outstations situated in Grenoble (France), Hamburg (Germany) and Hinxton (UK), and a Research Programme at 
Monterotondo (Italy) has the following vacancy in Heidelberg: 

MANAGER OF HIGH-PERFORMANCE COMPUTING (ref. no, 97/91) 

The European Molecular Biology Laboratory in Heidelberg, Germany, has a wide research programme in the areas of structural, 
developmental and cell biology, cell biophysics, gene expression and instrumentation. A position is available in the Structural Biology (incl. 
Biocomputing) Programme for the manager of high-performance computing. This will be a joint appointment with the Computer and 
Networking Group. 

The job will entail the management of a multiprocessor shared-memory computer (the present computer will be replaced by a new one in 
early 1998) and a distributed workstation farm; advice and assistance to users for optimizing and porting molecular biology codes to 
parallel machines; and the running of short training courses in high-performance computing. 

Candidates should have a background in scientific computing with experience in computer management (unix) and parallel programming 
(shared and distr ibuted memory) . Exper ience in molecular biology, molecular dynamics s imulat ion, image processing, protein 
crystallography or NMR would be an advantage. 

The contract will be for three years in the first instance. This can be renewed for up to a maximum of nine years, depending on the 
circumstances at the time of review. 

Commencing date: As soon as possible. 

For further information: Rebecca Wade: Tel: +49-6221-387553, Fax: +49-6221-387306, E-mail: wade@embl-heidelberg.de 
EMBL is an inclusive, equal opportunity organisation. 
EMBL Web site: h t tp : / /www.embl -he ide lberg .de / 

To apply please send your CV, quoting ref. no. 97/91, to: 

The Head of Human Resources, EMBL, Post fach 10.2209, D-69012 Heidelberg. Fax: +49 6221 387555; Tel.: +49 6221 387 208; 
emai l : jobs@EMBL-Heidelberg.de 

ECOLE POLYTECHNIQUE 
FÉDÉRALE DE LAUSANNE 

The Swiss Federal Institute of Technology in Lausanne (EPFL) invites 
applications for a newly created position as 

FULL OR ASSOCIATE PROFESSOR 
IN THEORY OF COMMUNICATION SYSTEMS 

The field is broadly defined within the theoretical foundations of 
communications and information systems. Possible topics include, but are 
not restricted to: information theory, communication theory, protocol 
specification/verification, formal languages and performance analysis for 
communication/information systems. The successful candidate is expected 
to have an outstanding record, and to be interested in teaching at both the 
undergraduate and graduate level in the areas of communication and 
information systems. He/she should be equally interested in fundamental 
science and phenomena as well as in technologies and their industrial 
applications. He/she is also expected to develop collaborations with 
industries having activities in related areas, as well as with other 
laboratories of the EPFL, of the Swiss Federal Institute of Technology 
Zurich (ETHZ)) and with EURECOM. 
The Communication Systems Division is one of the two priority areas of 
the EPFL. It has a specific undergraduate and graduate with courses in 
Communication Systems both from the Computer Science and the Electrical 
Engineering point of view. 
EPFL is a top, internationally minded Technical University; the EPFL 
offers competitive salaries, substantial start-up packages and excellent 
research and teaching facilities. Information about the EPFL and the 
Communication Systems Division can be obtained by consulting 
http://www.epfl.ch/bienvenue.html and http://sscwww.epfl.ch/ 
Starting dates: upon mutual agreement. Applications from women are 
particularly welcome. 
Deadline for applications: May 20, 1998. 
For further information please contact by writing: Professor J.-C. Badoux, 
President, Ecole polytechnique fédérale de Lausanne, CE-Ecublens, 
CH 1015 Lausanne, Suisse, or by fax no +41.21.693.70.84. 

D E U T S C H E S 
DESY 

E L E K T R O N E N - S Y N C H R O T R O N 

We seek an experimental physicist to play a key role in a collabora­
tive R/D program extending the range of accelerating gradients 
achievable in superconduct ing radio frequency cavities. The work 
will take place at Cornell University. The successful candidate will 
need to be resident in Ithaca, NX although some visits to DESY 
Germany will also be required. 

Candidates should have a recent PhD in experimental physics or 
engineering physics. Experience in some of the following areas is 
desirable: low temperature physics, vacuum science, solid state 
physics, surface physics and radio frequency systems for 
accelerators. Excellence with oral and written communicat ion is 
required, as is the ability to work both independently and as a 
member of a group. Candidates must be younger than 32 years of 
age. 

The posit ion is awarded for a duration of two years with the 
possibility of one addit ional year. 

Interested persons should send their application including a 
resume and the usual documents (curriculum vitae, list of 
publications) before 24th april 1998 to: 

D E U T S C H E S E L E K T R O N E N - S Y N C H R O T R O N , DESY, 
N o t k e s t r a B e . 85 , 22607 H a m b u r g , G e r m a n y 

C o d e Nr. 5/98 

They should also arrange for three letters of reference to be sent by 
the same date to the above address. 

Handicapped appl icants will be given preference to other appli­
cants with the same qualif ication. Women are especially en­
courages to apply for this posit ion. 
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FEEL OF COMPACT! 
Here is a full-scale fold-out drawing 

to show you just how small and 

compact our HPD (Hybrid Photo Detector) actually is. 

Try it yourself! Make this model 

with your own hands and get a "feel" for how small 

this device really is! 
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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 ) 

( P A R A L L E L T O T H E T U B E A X I S ) 

HAMAMATSU PHOTONICS K.K., Electron Tube Center http: //www.hamamatsu. com 
314-5 Shimokanzo, Toyooka-village, Iwata-gun, Shizuoka-ken, 438-0193 Japan. TEL:81 -539-62-5248 FAX:81 -539-62-2205 TLX:4289-625 

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

Italy: Hamamatsu Photonics Italia S.R.L. TEL:(39) 2-935 81 733 FAX:(39) 2-935 81 741 

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

Switzerland: CERN Liaison Office TEL:(41)31/879 70 70 FAX:(41)31/879 18 74 

http://www.hamamatsu

