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The VMDIS 8004 : a brand-new VME / VSB Display and Diagnostic 

Module, essential to monitor the backplane activity and measure the 
performance of modern VME / VSB systems 

Swi tch selectable V M E or V S B Disp lay 
V M E m o d e displays : 

• Address Lines , including A 6 4 
• Da ta Lines , including D 6 4 
• Address Modif ier L ines 
• Control L ines 

V S B m o d e displays : 
• Address Lines 
• Da ta Lines 
• Control L ines 

Direct , La tched or Moni to r display modes 
Control and Status registers accessible over 
V M E through a V M E Slave interface 
High-Speed Slot 1 functions 
V S B Central Arbi ter 
B lock transfer counter and Cyc le durat ion 
timer 
Delay be tween D S and D T A C K program
mab le in moni tor ing m o d e 
V M E interrupter, act ivated by front-panel 
push-but ton or external signal ( N I M / T T L ) 
V M E S Y S R E S E T , activated by front-panel 
push-but ton or external signal ( N I M / TTL) 
V M E S Y S R E S E T can be generated in re
sponse to software request 

T h e V M D I S 8004 is an extension of the V M D I S 
8003 Display and Diagnost ic M o d u l e , provid
ing addit ional visual and compute r control led 
test features. A m o n g these features: 

• Des igned to moni tor m o d e r n V M E systems 
us ing D 6 4 and / or the V S B bus . 

• Provides extended V M E test features when 
boot ing a V M E based microprocessor sys
tem. Al l data, address and control l ines of 
the V M E and V S B busses are la tched in a set 
of registers which can b e read back over the 
V M E bus . 

• Genera tes V M E interrupts on p r o g r a m m a 
ble levels under manua l control . This fea
ture is extremely useful w h e n debugg ing 
software requir ing interrupt handl ing . 

Performance measurement section 

• T h e V M D I S 8004 can count the n u m b e r of 
V M E cycles which respond to selected cri
teria. This feature is of great he lp when 
debugging D M A transfers. 

LED Display 

Option switch (DIP 8) 

V M E / V S B switch 
Sel / Mode / Clear switch 
SYSRESET push-button 
INT generation push-button 

INT or SYSRESET Generator -Qj External TTL / NIM input 

• It is also equ ipped 
w i t h t i m i n g l o g i c 
which measures the 
duration of V M E cy
cles . 

If you liked the VMDIS 8003, 
you will love the VMDIS 8004 

CES, at the leading edge in system conception 
For any additional information about this product or our complete VIC, VME, CAMAC and FASTBUS line, do not hesitate to contact us. 

CES Geneva, Switzerland Tel: +41-22 792 57 45 Fax: +41-22 792 57 48 
C E S . » Germany Tel: +49-60 55 4023 Fax: +49-60 55 82 210 
S Creative Electronic Systems SA, 70 Route du PomVBatm, P.O* Box 107 
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• Create virtual instruments instead of writing programs 
• Build intuitive, interactive front panels 
• Build block diagram programs 
• Acquisition - D A Q , GPIB, RS-232, VXI 
• Analysis - DSP, filters, statistics 
• Presentation - GUI, hardcopy, 

Available for 
Microsoft Windows 
Sun SPARCstation 

• Apple Macintosh 

Call for a FREE demo disk (512) 794-0100 

Multiplatform 

£ T NATIONAL 
INSTRUMENTS® 
The Software is the Instrument ® 

Corporate Headquarters 
6504 Bridge Point Parkway 
Austin, TX 78730-5039 
Tel: (512) 794-0100 
Fax: (512) 794-8411 

© Copyright 1 9 9 3 National Instruments Corporation. All rights reserved. 
Product and company names listed are trademarks or trade names of their 
respective companies. 

Branch Offices 
Australia 03 879 9422 
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Canada 519 622 9310 
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Particle Accelerators p rovides those involved in the research on, 
and the design, construction and operat ion of particle accelerators 
a much-needed channel of communicat ion. The journal publishes 
original articles on a variety of topics in theoretical and experimen
tal accelerator physics, and in accelerator technology. Topics in 
accelerator physics include particle-orbit theory, collective effects, 
impedances and wakefields, and analytical and computat ional 
techniques, as well as n e w accelerator concepts. Topics in accelera
tor technology include magne t design, the engineering of radio-
frequency and v a c u u m systems, pu lsed and dc high-voltage 
techniques, applications of cryogenics and superconduct ivi ty to 

A selection of recently published papers: 

T h e res is t ive-p ipe w a k e potent ia ls for shor t b u n c h e s 

O. Henry and O. Napoly 

T h e vec to r potent ia l in acce le ra to r magne t s 

C.J. Gardner 

accelerators, accelerator ins t rumenta t ion and shielding, b e a m 
transport , and applications of accelerators. Authors of papers in 
experimental accelerator physics and in accelerator technology are 
particularly encouraged to submit t hem to Particle Accelerators. 
Review articles of ma tu re fields in accelerator physics and technol
ogy are also foreseen. 

Longi tud ina l b e a m c o m p r e s s i o n for heavy- ion inert ial fus ion 

D. D.-M. Ho, S.T Brandon and E.P. Lee 

Des ign of a supe rconduc t i ng R F Q resonator 

/. Ben-Zvi, A. Lombard! and P. Paul 

Ordering information 

4 issues per v o l u m e . Cur ren t v o l u m e b lock 3 7 - 4 0 . ISSN 0 0 3 1 - 2 4 6 0 . 

Orders may be placed with your usual supplier or directly with 

Gordon and Breach Science Publishers, c/o STBS Ltd., P.O. Box 90, Reading, Berkshire RG1 8JL, U.K. 

(OdD GORDON AND BREACH SCIENCE PUBLISHERS 
L) Ph i lade lph ia • R e a d i n g • Par is • Mon t reux • T o k y o • M e l b o u r n e 

SURVEYS IN HIGH ENERGY PHYSICS 
Editors in Chief: A.B. Kaidalov and M.I. Vysotsky (ITEP) 

l SCOPE: 

Surveys in High Energy Physics will include the annua l Winter The topics covered by the journal encompass particle physics, h igh 
Schools of Physics from the Institute of Theoretical and Experimen- energy nuclear physics and related subjects such as cosmology, 
tal Physics (ITEP) in Moscow. Also welcomed are papers on high astrophysics, muon-catalysis , etc. 
energy physics from the international scientific communi ty . 

WÊBÈÊÊÊÊËÊÊÊË 
• M o d e r n c o s m o l o g y a n d phys ics b e y o n d the s tanda rd mode l • T h e ideas of in termi t tancy a n d fracta l i ty as app l ied to mul t i -

A.D. Dolgov (ITEP) part ic le p roduc t ion 

I.M. Drem in 

• N e w t r e n d s in t h e i n v e s t i g a t i o n of a n t i p r o t o n - n u c l e u s 

annih i la t ion 

A.M. Rozhdestvensky and M.G. Sapozhnikov 

ORDERING INFORMATION 
Further information can be requested f rom Harwood Academic Publishers, c/o STBS Ltd., P.O. Box 90, Reading, Berkshire RG1 8JL, U.K. 

I S S N : 0142 -2413 

ho harwood academic publishers 

QP chu r • read ing • pahs • Phi ladelphia • tokyo • me lbou rne 

VI CERN Courier, January/February 1993 



LEP for twice the energy 

In 1995, CERN's 27-kilometre LEP 
electron-positron collider should 
start operating for physics at consid
erably higher energy. Since its 
commissioning in 1989, the machine 
has been operating around 45.5 GeV 
per beam to give collision energies 
that home in on the Z particle - the 
electrically neutral carrier of the 
weak nuclear force, with a mass of 
91 GeV. 

The Z, discovered at CERN in 1983 
by Carlo Rubbia's UA1 proton-
antiproton tour de force, was for a 
long time a rare physics jewel. Until 
LEP came along, only a handful had 
been seen. With millions now cap
tured by the four LEP experiments -
Aleph, Delphi, L3 and Opal - the Z 
has become everyday physics, and 
the accumulated precision Z data 
give an incisive view inside today's 
Standard Model. The self-consist
ency of these measurements make 
physicists confident that the sixth 
('top') quark should turn up around 
150 GeV. 

But the Z is only one side of the 
picture. For the self-consistency of 
the Standard Model to become really 
watertight, a precision fix is also 
needed on the W at 81 GeV, the 
electrically charged companion 
of the Z. 

While the neutral Z can be pro
duced directly in electron-positron 
annihilations, the charged Ws can 
only be produced in pairs, hence the 
call for higher energies at LEP. (The 
project is known as LEP200, but 
200 GeV is acknowledged as an 
optimistic energy target.) To roughly 
double beam energy from around 
45 GeV for Z physics to the level 
needed for W production calls for 
an additional 1900 Megavolts of 
accelerating voltage. 

To drive this much accelerating 
power economically requires super
conducting accelerating cavities, and 

throughout the LEP project work has 
been going on in the background to 
develop the required technology. The 
first unit was installed in the ring in 
1990 (September 1990, page 24). 

But LEP 200 is more than just the 
supply and installation of 192 super
conducting accelerating cavities. 

Superconducting cavity for LEP 200 ready for 
high power testing. 

According to LEP200 project leader 
Carlo Wyss, work on the cavities 
represents only 22% of the total 
budget. Among the other LEP200 
activities, cryogenics, radiofrequency 
power and controls, civil engineering, 
electricity distribution and cooling 
equipment together represent a 
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Liquid helium reservoirs from Russia have 
been installed as part of LEP 200 cryogenics. 

significant fraction of the total effort 
invested in LEP. 

Manufacture of the superconducting 
cavities to precise specifications is an 
exacting task for industry. Supply is 
running some eight months behind 
the very ambitious original schedule, 
but Wyss, Philippe Bernard and their 
team are confident that some of this 
delay can be clawed back. Accep
tance tests are also encouraging, 
practically every unit comfortably 
exceeding the stipulated resonance 
quality (Q) and accelerating voltage 
requirements. 

Tests of the prototype cavities 
mounted in situ, together with all their 
complicated radiofrequency plumbing 
and attendant cooling, have identified 
and understood problems pulling 
performance 20% below its nominal 
value. 

After implementing the necessary 
improvements and with increased 
experience of mastering the tricky 
business of conditioning radio-
frequency superconducting equip
ment, the LEP200 team is confident 
that procedures will soon be found to 
ensure optimal performance. 

So far, LEP200 cryogenics have 
been confined to one site, Point 2, in 
the ring, but next year superconduct
ing cavities should make an appear
ance at Point 6, while new twin 230-
metre klystron galleries will be 
equipped at Points 4 and 8. 

When complete, LEP200's cryo
genic system, with four 12kW refrig
eration plants, will be considerable, 
about half as big again as that 
installed at the HERA electron-proton 
collider at DESY, Hamburg, with its 
totally superconducting proton ring. 
The LEP200 cryogenic plant includes 
liquid helium transfer lines and high 
pressure helium storage vessels 
supplied by Russia. 

As well as the cavities and the 
means to cool and drive them, LEP 

200 also calls for considerable 
upgrades in LEP vacuum system, 
power converters, separators, etc. All 
this work is carefully phased so that 
the full complement of superconduct
ing cavities should be installed and 
tested late in 1994, ready for physics 
operation in 1995. 

With LEP finally running at its full 

energy, its experiments should reap 
their first samples of W pairs. How
ever while LEP Z samples are 
counted in millions, Ws, produced off 
resonance, will be counted in thou
sands. Machine performance will 
therefore be critical, and ways of 
improving the luminosity are being 
looked at. 
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WhyY< ir Next ADC Should be Fast Converting 
Wilkinson, Full 12 Bits and from LeCroy 

Introducing the 1881 FASTBUS Charge Integrating ADC 

The recent advances in accelerator and detector technology and 
the ever increasing number of channels in experiments, places a 
greater demand on the charge integrating ADCs. High rate exper
iments in particular require the lowest dead time and shortest 
conversion time as well as high channel density, without sacrific
ing the performance of previous FASTBUS ADCs. 

The new Model 1881 was designed to meet these challenges by pro
viding benefits not found in other designs such as: 

Lowers the system's dead time. 

THE 1881 FEATURES; 

/ 64 Channels / Fast Conversion (15 JLLS) 

/ 50 - 500 nsec Gate Width / Sparsified Readout 

/ 64 Event Buffer / Low Cost per Channel 

/ 12-Bit Resolution Over Pedestal / ±0.1 LSB DNL 

Call, write < 
to receive the most recent 
data sheets and application notes! 

100- • 1881 System 

& 

1 
"O / 1881 System 

with specification 
Q 

0 
i 

0 
i j 

T r i g g e r R a t e in k H z 
50 

High linearity. 

Highest resolution. •. 

350000-
a C s 1 3 7 s p e c t r u m 

1 
§ 
O 
o 
0) * / \ 

1 

Channel 

. , . with 15 jisec conversion 
time, 64 event buffer and spar
sified readout since only data 
which exceeds individually 
programmed thresholds is 

buffered. Sparsification results 
in significantly lower dead time 
and higher event throughput, 
as shown in a fully loaded crate 
with 10% occupancy at 6 MHz 
readout rate. 

...of less than ±0.1 LSB DNL 
(typically ±0.05 LSB) with 
high channel density of 64 
channels, in a single FASTBUS 
width, is achieved with 64 
800 MHz Wilkinson converters 
operating simultaneously. 

5000-_ Overflow 

4000-

Q) 3000-
ts 

4096 Codes 

o 
O 

1000-

Pedestal 

) 410 
C h a r g e 

pC 

. . . of a true 12-bit resolution 
with a full 12 bits of range 
above pedestal, for wide 
dynamic range detector 
requirements. 

The Model 1881 represents the next step in FASTBUS ADCs. In addition 
to the above, it also offers a wide gate range, an on-board 64 event buffer 
and 64 channels per module, which makes the 1881 perfectly suited for 
calorimeters. All of these features provide you with more information 
faster with higher accuracy and at an affordable price. 

700 Chestnut Ridge Road, Chestnut Ridge, NY 10977-6499 USA Tel: (914) 578-6013 Fax: (914) 578-5984 
2, chemin Pre-de-la-Fontaine, 1217 Meyrin 1-Geneva, Switzerland Tel: (022) 719 21 11 Fax: (022) 719.2230 LeCroy 

I f Innovators in Instrumentation 
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The W pairs at LEP will be formed 
via an intermediate invisible Virtual' 
Z. However the W production will still 
bear the stamp of this intermediate 
particle, providing valuable informa
tion about the coupling of a Z to a W 
pair, another incisive test for the 
Standard Model. 

If the sixth quark is found at 
Fermilab's proton-antiproton collider, 
and if the precision on the W mass 
could attain ±50 MeV at LEP, then 
the veil could at last start to be lifted 
from the Higgs particles, the mysteri
ous symmetry breaking mechanism 
at the heart of the electroweak 
unification picture. 

LEP at 90° 

With twice as many Z particles 
logged this year, the performance of 
CERN's LEP electron-positron 
collider continues to improve. Para
doxically, the improvement would 
have been even better had it not 
been for teething problems with new 
operating conditions which will 
eventually boost performance still 
higher. 

Now solidly established, these new 
conditions, notably the 90° (instead 
of the previous 60°) phase for trans
verse betatron oscillations, and the 
'pretzel' scheme for eight bunches 
per beam instead of four (October, 
page 17), first had to be assimilated, 
and it took a few weeks before the 
LEP operating crews could add them 
to their full repertoire. 

Collision performance (measured 
by 'luminosity') continues to improve. 
Although in principle LEP has yet to 
deliver its 'design' luminosity of 1.3 x 
10 3 1 per sq cm per s at any one time, 
its best performance to date is not far 

off - 1.1 x 10 3 1 . The crews have 
become very skilled at optimizing 
conditions during each beam coast, 
with continual careful grooming of the 
beams ensuring high collision rates. 
This, together with improved perfor
mance at the four detectors - Aleph, 
Delphi, L3, and Opal - have led to 
average efficiency increasing to 57% 
from 44% in 1991, so that the lumi
nosity delivered over a day has 
exceeded what could have been 
expected initially, says Steve Myers. 

The main LEP limitations, as 
measured by the machine's beam 
current, are still the transverse 
coupling instabilities inherent for 
single beam operation, compounded 

with unwelcome beam-beam interac
tions once electron and positron 
beams are in the ring together. 

Some of the former is caused by 
the inevitable transverse impedance 
of the copper radiofrequency cavities 
used to accelerate the LEP beams. 
With superconducting radiofrequency 
cavities now being installed as part of 
the LEP200 programme to push the 

High tide at CERN. Due to the moon's gravity, 
the circumference of CERN's LEP electron-
positron collider varies by about a millimetre 
over 27 kilometres. These tiny effects are 
amplified by LEP, producing detectable 
changes in the beam energy, which is 
measured to 20 parts in a million using 
polarized (spin-oriented) beams 
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Why Your Next TDC Should be Pipelined, 
Multihit and from LeCroy: 

Simplifies triggering •.* 

CH4 -0.98 V DC 

. . . s ince p i pe l i n i ng a l l ows a tr igger 
dec i s i on t o be made up to 65.5 jasec 
after the event of interest. 

Lowers dead time. *. 

LeCroy E n g i n e e r i n g M o d e l 1 8 7 6 

, . . since only hits are read out qu ick ly 
(1 jisec plus 150 nsec/hit in the 1876) 
into the 8 event buffer. 

Multiple signals and pulse 
width capability *. * 

. . . of up to 16 leading and/or trail ing 
edge^ can be dig i t ized. Signals may be 
produced by one detector or detectors 
mul t ip lexed together. Pulse w id th capa
b i l i ty a l lows p i le -up affects to be seen 
and measures t ime intervals w h i c h can 
contain information such as pulse area. 

Supports fast detectors.. 

. . . w i th the inherent high resolution of 
1 nsec (< 750 psec R.M.S. error). 

I n t r o d u c i n g t h e 1 8 7 6 a n d 2 2 7 7 
T i m e - t o - D i g i t a l C o n v e r t e r s 

The 1876,96-channel FASTBUS T D C and the 
2277 32-channel C A M A C T D C modules repre
sent the next step in t ime-to-digital converters. 
These revolutionary units use the award w inn ing 
M T D 1 3 2 A appl icat ion specific IC. Both offer 
unprecedented resolution, mul t ih i t (start/stop) 
capabi l i ty and long dynamic range w h i c h are 
ideal for the latest drift, t ime project ion and 
proport ional chambers, as we l l as other detec
tors. A l l these features provide you w i th more 
information faster and at a lower cost. 

THE 1876AND2277FEATURE: 
/ 1 nsec Resolution 

/ 16 Hits per Channel 

/ C o m m o n Start or Stop Operat ion 

/ On-Board, 8-Event Buffer 

/ 65.5 u s e e Full Scale 

/ Leading and/or Trailing Edge Detect ion 

/ Fast Conversion 

/ Low Cost per Channel 

1876 96-Channel FASTBUS T D C 

2277 32-Channel C A M A C T D C 

2277/EXP 4/8-Channel, 128/64 Hi t Expander 

2277/EXP2 2-Channel, 256 Hi t Expander 

For applications such as time-of-f l ight mass 
spectroscopy w h i c h requires a greater number 
of hits per channel , the Models 2277/EXP and 
2277/EXP2 Hi t Expanders are available. W h e n 
used w i t h either T D C the expander routes the 
input signals to 4 , 8 or 16 T D C channels, 
prov id ing a greater number of hits per input and 
improved double pulse resolution. 

Call, write or fax us today to receive 
the most recent data sheets and 
application notes! 

700 Chestnut Ridge Road, Chestnut Ridge, NY 10977-6499 USA Tel: (914) 578-6013 Fax: (914) 578-5984 
2, chemin Pre-de-la-Fontaine, 1217 Meyrin 1-Geneva, Switzerland Tel: (022) 719.21.11 Fax: (022) 719.22.30 LeCroy 
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Letters 
of intent 

beam energy from 45 GeV towards 
90 GeV (see page 1), some conven
tional cavities could eventually 
become redundant. Removing them 
should improve single beam con
ditions, at the same time liberating 
valuable additional klystron power for 
LEP200. Increasing the LEP injection 
energy from the current 20 GeV level 
delivered by the SPS should also 
help. 

Beam-beam limitations are ascribed 
to insufficient beam separation as the 
beams get larger, to subtle differ
ences between electron and positron 
behaviour, and possible orbit influ
ence from the electrostatic separa
tors. Beam current could also be 
pushed higher by increasing the 
beam emittance, but this would also 
increase the level of unwelcome 
background photons seen by the 
detectors. 

The 'pretzel' scheme for eight 
bunch operation was first used for 
physics in August, but became 
routine in October, hopefully for the 
remainder of LEP's career. In princi
ple doubling the effective electron-
positron collision rate, its introduction 
briefly slowed the Z scoring rate as 
the crews had to learn new tricks, but 
the break-even point was soon 
quickly passed. 

One unwelcome detail is that 
electron-positron differences are 
accentuated in pretzel mode, and 
additional sextupoles are being 
installed to compensate. Eight-bunch 
operation could be further optimized 
if it became standard right through 
the complicated LEP injector chain. 

One disappointment this year has 
been the absence of polarized 
beams from the 90° optics. Signifi
cant polarization (spin orientation) 
had been seen last year (November 
1991, page 12) using the old 60° 
optics, and opened the door to 
valuable precision measurements of 

the beam energy. To retain this 
capability, a 90°/60° horizontal/ 
vertical split could be tried, and a 
recent pretzel test gave encouraging 
results. 

The compact CMS design 

Thursday 5 November was another 
major milestone en route to the 
establishment of the experimental 
programme for CERN's LHC proton-
proton collider to be built in the 27-
kilometre LEP tunnel. 

After initial discussions of 'Expres
sions of Interest' at the specially-
arranged meettng at Evian-les-Bains, 
France, earlier this year (May, 
page 1), three Letters of Intent have 
emerged, together involving nearly 
2000 physicists from research 
institutes all over the world. As well 
as these researchers listed on the 
documents, the plans in fact involve 
many additional technical specialists 
who work behind the scenes. 

It was a historic moment as these 
three detector proposals were aired 
at the first open meeting of the new 
LHC Experiments Committee. 
CERN's main auditorium and a large 
overflow room receiving relayed 
video pictures were both packed. 
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The ATLAS scheme for an LHC detector has 
two options: a conventional iron-core magnet 
(top), and a superconducting air-core (below). 

From these three schemes - ATLAS, 
CMS and L3P - and the first reac
tions to their letters of intent, eventu
ally two projects will emerge, for 
which full technical proposals will be 
prepared, including construction 
plans and credible costings. 

In this early phase exact specifica
tion of the detector elements is in 
many cases left open, pending the 
outcome of the vigorous ongoing 
detector R&D programme for generic 
systems to handle LHC extremely 
high event rates. The detector plans 
also reflect the potential to carry out 
unique and ambitious physics with 
initial LHC luminosities of about 10 3 2 

per sq cm per s before the machine 
is cranked up to its design goal 
above 1 0 3 4 . 

ATLAS, described at the CERN 
meeting by Peter Jenni, is a merger 
between the ASCOT and EAGLE 
schemes launched earlier this year at 
Evian and brings together some 850 
researchers from 88 institutes in 24 
countries. The aim is to exploit the 
full LHC discovery potential, with full 
coverage of photon, electron, muon 
and hadron jets, together with 'miss
ing energy' indicative of invisible 
particle such as neutrinos, over a 
wide range of LHC luminosities, and 
with 'robust' muon and electron 
coverage at the very highest collision 
rates. 

ATLAS proposes an outer 26 
metre-long toroid magnet for muon 
measurements, with an inner 2T 
superconducting solenoid. The 
former could be superconducting air 
core or conventional iron core, or a 
combination of the two, with a super
conducting barrel and warm iron for 
the end-cap regions. 

The toroidal magnet muon detector 
would allow triggering and identifica
tion outside all calorimetry, with 
substantial thicknesses of absorber, 
without using the inner detector. The 
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150 ps at 1.5 tesla. 
Hamamatsu's Fine-Mesh PMTs for high-
magnetic fields incorporate a newly 
designed dynode structure. As a result, 
they operate stably without any special 
shielding even in magnetic environments 
up to 1.5 tesla. Time resolution on the 
order of 150 ps yields larger and more 
reliable TOF measurements. For detailed 
information on Fine-Mesh PMTs, just 
contact Hamamatsu Photonics at the office 
nearest you. 
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The L3P scheme would inherit part of the 
infrastructure from the existing L3 detector at 
LEP. 

superconducting solution would 
provide better physics capability. 

Inside the muon system, calorimetry 
would use a highly granular lead/ 
liquid argon approach for the electro
magnetic part, and iron absorbers for 
the hadron part, where the active 
medium could be liquid argon or 
scintillating tiles or fibres. 

At the heart of the detector, the 
interaction region would be sur
rounded by silicon and gallium 
arsenide microstrip and pixel detec
tors to provide a precision initial track 
segment, with supplementary instru
mentation farther out for the bulk of 
pattern recognition, tracking, momen
tum measurement and identification. 

While ATLAS has several options 
open at this stage, the vigorous 
ongoing R&D programme should 
result in many of these positions 
being closed by the time the full 
technical proposal is presented. 

CMS - Compact Muon Solenoid -
includes over 400 collaborators from 
some 60 institutes in 23 countries, 

including a sizeable Russian contin
gent and representation from all the 
Baltic states. As well as proton-
proton collisions, CMS is also de
signed to look at aspects of the 
alternative LHC diet of heavy ion 
collisions. 

Spokesman Michel Delia Negra 
pointed out how the CMS design for 
a compact, minimal cost detector 
starts with the magnet, which influ
ences the rest of the design. The 
14-metre CMS superconducting 
solenoid would provide 4T inside a 
radius of 2.9 metres. Muon momen
tum would be measured several 
times, both outside the coil and in the 
inner tracking volume. The magnet 
would be covered with several planes 
of drift chambers for muon identifica
tion and measurement. 

Inside the magnet, the powerful 
field would give high momentum 
precision. Solid state and gas 
microstrip techniques would be able 
to provide the required level of 
tracking performance. Calorimetry 

would be mainly inside the magnet 
coil, with the electromagnetic part 
using either cerium fluoride or a lead/ 
scintillator 'Shashlik' design being 
developed in Russia, while hadron 
energy would be handled by copper 
absorber with scintillating tiles. 

L3P - Lepton and Photon Precision 
Physics - is tr*e LHC reincarnation of 
the L3 experiment at the LEP elec
tron-positron collider, and nearly all 
the contributors to the L3P letter of 
intent have participated in L3. 

L3P is designed to complement 
other detectors, both at LHC and at 
the SSC Superconducting 
Supercollider in the US. Sam Ting's 
presentation at CERN recalled past 
and sometimes painful experience 
with experiments using high intensity 
beams, and went on to explain how 
detectors relatively far from the 
target/interaction point with a lot of 
magnetic power could provide an 
optimal solution. 

L3P would be phased with LHC 
progress. Detector R&D work has 
benefited from work in the framework 
of CERN's detector R&D programme. 

The detector, at Point 2 in the ring, 
would use part of the L3 infrastruc
ture, muon chambers and magnet 
frame. With its goal of precision 
electron, muon and photon measure
ments, elements are placed far from 
the beam intersection. Most inner 
central tracking, with proportional 
chambers, drift tubes and gas 
microstrip detectors would be at least 
1.65 m from the proton beam. The 
entire tracker could be removed and 
a new one fitted for specialized LHC 
research topics. 

Outside the tracker will be the 
electromagnetic calorimeter, made of 
cerium fluoride crystals. Like the 
BGO crystals used in L3, these 
would include a significant Chinese 
effort. 

Moving away from the beam, the 
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Wideband PWM Op Amp' Delivers 49kW 
For particle beam steering & focus with 5mA/°C stability—or deflection 
and scanning with 9V/us slew rate. Units parallel for higher power output. 

Model Continuous Output1  

220, 230 ±75V @ ±12A ±150V @ +10A 
231, 261 +160V @ ±55A ±330V @ ±25A 

233,263 ±160V@±110A ±330V @ ±50A 
234-1,264-1 ±160V@±180A ±330V @ ±90A 
234, 264 +160V @ +240A ±330V @ ±120A 
235,265 ±160V@+300A ±330V @ ±150A 
1 Rating for I P E A K is >2x I C O N T depending on duty factor and pulse width. 

Copley 
Controls 
iCorp. 

410 Universi ty Avenue 
Westwood, MA 02090 
TEL (617) 329-8200 • FAX (617) 329-4055 
Company Contact: Melvin A. Berger 

C o p l e y C o n t r o l s ' w i d e b a n d , 
filtered P W M power amplifiers 
l ook—to the load—l ike l inear 
amplifiers. The 80 k H z switch
ing f r equency e n a b l e s p o w e r 
f i l ters to b e bu i l t i n to t he 
a m p l i f i e r ' s c a s e . M O S F E T 
output br idge permits paral le l
ing for h i g h c u r r e n t . C o p l e y 
amplifiers are ideal for dr iving 
a wide range of inductive loads. 

Specifications include D C - 4 kHz 
b a n d w i d t h , 0 . 2 % T H D , a n d 
0 .5mV/*C s tabi l i ty . L o w hea t 
d i s s i p a t i o n y i e ld s > 9 4 % effi
c i e n c y . A p p l i c a t i o n s i n c l u d e 
b e a m steering, mot ion control , 
vibration suppression, magnet ic 
lévitation, and r ipple /harmonic 
neu t r a l i za t i on . I m p r o v e d cur
rent m o d e D C stabil i ty can be 
achieved wi th external shunt. 

GUIDE TO RADIATION AND 
RADIOACTIVITY LEVELS AROUND 

HIGH ENERGY PARTICLE 
ACCELERATORS 

A. H. Sullivan 
European Laboratory for Particle Physics, CERN 

Contents 

Chapter 1 High energy Particle Interactions 

Chapter 2 Shielding for High Energy Particle Accelerators 

Chapter 3 High Energy Electron Machines 

Chapter 4 Induced Radioactivity 

Scope The purpose of this guide is to bring together basic 
data and methods that have been found useful in assessing 
radiation situations around accelerators and to provide 
straightforward means of arriving at radiation and induced 
radioactivity levels that can occur under a wide range of 
situations, particularly where the basic physics is too 
complicated to make meaningful absolute calculations. 

Readership Researchers, lecturers and scientists in the field 
of high energy physics; researchers, designers and operators 
of high energy particle accelerators. 

Publication date October 1992. (Prepublication discount 10% 
for prepaid orders received before September 30 1992). 

ISBN 1 870965 18 3 (hardback) approx 200 pages. Price £27.00 

Nuclear Technology Publishing 
P.O. Box 7 

Ashford Kent TN23 1YW 
England n t p . ô . a . i 
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XFaceMaker 2, NSL's powerful OSF/Motif™ 
interface builder, is easily the fastest way to get 
the most out of Motif. And we do mean easily. 

Because with XFM2™ not only can you define 
the look of your interface using dialog boxes to 
specify resources: you can also program its 
behavior testing it immediately as you go. That's 
because our straightforward programming 
language makes it simple for you specify 
behavior using interpreted scripts. And you can 
generate non-interpreted, optimized C code or 
UIL™ that's executable and portable for the final 
application. Moreover it's extensible - you can 
customize and integrate XFM2 into your own 
programming environment. 

It's this unique package of capabilities that 
makes XFM2 a design tool that's ten times faster 
than anything else around. Which means it not 
only cuts your development time dramatically: it 
also slashes your development costs. All you've 
got to do is be creative. NON STANDARD LOGICS 
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Physics monitor 

next element would be a supercon
ducting solenoid, where several 
designs are under study. The hadron 
calorimeter with iron absorber and 
gas active medium would surround 
the magnet. 

Muons would be measured by an 
outer layer of drift tubes, by the 
existing L3 muon chambers outside 
the hadron calorimeter and by the 
central tracker, with its ultimate 
resolution of 3.6 parts in a thousand. 

With the LHC Experiments Commit
tee now in business, the overall goal 
is to present a fairly detailed descrip
tion of the LHC experimental pro
gramme, including machine, detec
tors and the relation to the rest of 
CERN's experimental programme, to 
CERN's governing body, the Council, 
at the end of 1993. Council would 
then be in a position to start the 
approval procedure for the whole 
LHC project. However the broad 
outline should be clear enough for a 
preliminary report on the emerging 
plans for the experimental pro
gramme early this year. 

DPF Big One 

At its latest venue at Fermilab from 
10-14 November, the American 
Physical Society's Division of Parti
cles and Fields meeting entered a 
new dimension. These regular 
meetings, which allow younger 
researchers to communicate with 
their peers, have been gaining 
popularity over the years (this was 
the seventh in the series), but no
body had expected almost a thou
sand participants and nearly 500 
requests to give talks. 

Thus Fermilab's 800-seat audito
rium had to be supplemented with 
another room with a video hookup, 
while the parallel sessions were 
organized into nine bewildering 
streams covering fourteen major 
physics topics. 

With the conventionality of the 
Standard Model virtually unchal
lenged, physics does not move fast 
these days. While most of the phys
ics results had already been covered 
in principle at the International 

Conference on High Energy Physics 
held in Dallas in August (October, 
page 1), the Fermilab DPF meeting 
had a very different atmosphere. 

Major international meetings like 
Dallas attract big names from far and 
wide, and it is difficult in such an 
august atmosphere for young re
searchers to find a receptive audi
ence. This was not the case at the 
DPF parallel sessions. The meeting 
also adopted a novel approach, with 
the parallels sandwiched between an 
initial day of plenaries to set the 
scene, and a final day of summaries. 

With the whole world waiting for the 
sixth ('top') quark to be discovered at 
Fermilab's Tevatron proton-
antiproton collider, the meeting 
began with updates from Avi Yagil 
and Ronald Madaras from the big 
detectors, CDF and DO respectively. 
Although rumours flew thick and fast, 
the Tevatron has not yet reached the 
top, although Yagil could show one 
intriguing event of a type expected 
from the heaviest quark. 

Frank Sciulli of Columbia presented 
initial results from the HERA elec
tron-proton collider at DESY Ham-

At Fermilab in November, the American 
Physical Society's Division of Particles and 
Fields meeting attracted about a thousand 
scientists. 
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"Burn in " with wider 
6 . 0 k V 

earner Mode Detectors. 

teed to have a failure rate under 3%, 
initial burn in with prescribed turn-on 

edure. 
lateaus can be specified by buyer, up to 

1,200 V in 75% Isobutane, 25% A. 
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L I N K S 
Low signal attenuation, immunity to high energy fields, 

small diameter and light weight make fiber attractive for applications 
in timing distribution, analog telemetry and video transmission. 

RF timing distribution - Series 9000. Bandwidths to 1 GHz, low 
noise and jitter. Compensation circuitry for fiber group delay change 
with temperature. 

Analog telemetry - Series 9100. Wideband 1 KHz to over 500 
MHz, flat frequency and phase response, good pulse fidelity and S/N, 
excellent amplitude stability. Distances exceeding 10 Km. 

Video transmission - Series 101. CCTV low cost links with 
multimode fiber for distances over 3 Km. Series 8000. FM/FDM 
systems for 16 channel studio quality video transmission over 
singlemode fiber for distances to 60 Km. 

Custom subassemblies - RF amplifiers, filters, synthesizers, 
amplitude / phase modulators and demodulators, data modems. 
Economical RF packaging. 

CALL US FOR YOUR CUSTOM APPLICATION! 

in Europe: POB 43032, Jerusalem 91430, Israel, Tel: 972-2-829-525 Fax: 972-2-824-571 
in the U.S.: POB 35746, Los Angeles, CA 90035, USA, Tel: 310-275-3181 Fax: 310-285-0797 
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M A G 0 1 & M A G 0 1 H 

Single Axis fluxgate magnetometers 

• MEASURING RANGE FROM InT TO 2mT 
• STABLE 
• LIGHTWEIGHT/PORTABLE 
• MINIATURE INTERCALIBRATED PROBES 
• CRYOGENIC PROBES 

M A G 0 3 M C 

3 Axis magnetic field sensor 

• MEASURING RANGE FROM I nT TO 500 uT 
• WIDE BANDWIDTH - 0 TO 2 kHz 
• COMPACT 
• OPTIONAL POWER SUPPLY UNIT 

Worldwide network of 
agents/distributors Bart ington 

Bartington Instruments Ltd, Spendlove Centre 
Charlbury, Oxford, OX7 3PQ England 
Tel: +44 608 810657 Fax: +44 608 811417 
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At the Fermilab DPF meeting, Sam Ting 
summarizes the findings of the experiments at 
CERN's LEP electron-positron collider. 
(Photo Reidar Hahn) 

burg. These initial snapshots of an 
intriguing new experimental condi
tions have been aired several times 
already (December 1992, page 11), 
but Sciulli could show HERA's first 
charged current event. 

The physics from CERN's LEP 
electron-positron collider was de
scribed by Sam Ting of MIT, aban
doning temporarily his traditional role 
as spokesman of the LEP L3 experi
ment to do an excellent job in assem
bling the contributions from Aleph, 
Delphi, and Opal as well. 

After a well-balanced presentation 
of LEP's considerable contribution to 
orthodox electroweak and quark 
physics, Ting could afford the luxury 
of pointing to possibly unorthodox 
LEP Z decays producing a pair of 
leptons (electrons or muons) accom
panied by two high energy photons. 
Curiously, four such decays from L3 
and now two from Delphi report 
photon pairs carrying about 60 GeV 
of energy. The events were subse

quently described in detail in the 
parallel sessions by Boleslaw 
Wyslouch of MIT for L3 and Jesus 
Marco of Santander for Delphi, who 
were carefully questioned (see 
page 9). These LEP photon pairs 
quickly became the meeting's talking 
point. 

Charles Baltay of Yale had a 
sample of 10,000 Zs produced using 
polarized beams at Stanford's SLC 
linear collider and collected by the 
SLD detector. Knowing the spin 
orientation of the decaying Zs makes 
for a particularly rich data sample, 
which will be augmented next year 
when the SLC resumes running. 

Speaking on the high energy 
physics-astrophysics connection, 
Daniel Sinclair of Michigan concen
trated on high energy gamma 
sources and on atmospheric neutri
nos. 

High energy gamma rays from 
massive stellar synchrotron radiation 
emission were first seen in secret 

data from satellites looking for 
nuclear tests. It was soon established 
that the bursts came from outside the 
solar system but nevertheless the 
data still stayed secret for a while. 
However sightings began to accumu
late and with NASA's GRO satellite in 
orbit, gamma astronomy has now 
become big business (July 1992, 
page 20). 

For atmospheric neutrinos, Sinclair 
underlined the discrepancy between 
muon-type and electron-type signals 
seen in big underground detectors 
(September 1992, page 4). However 
the traditional difficulty of compiling 
solid neutrino data suggests other 
types of experiment are needed for to 
complement the traditional water 
Cerenkov readings. 

On non-accelerator experiments, 
John Wilkerson of Los Alamos read 
the death sentence for the 17 keV 
neutrino, explaining how pioneer 17 
keV neutrino 'findings' had now been 
explained by multiple scattering. This 
was covered in detail later in the 
parallels by Andrew Hime, who 
pointed out that some 17 keV results 
nevertheless still stand. In the same 
session, David Caldwell of Santa 
Barbara underlined the difficulty of 
these neutrino measurements -
'everybody has found this to be a 
difficult business'. 

Speaking on accelerator develop
ments, Maury Tigner of Cornell 
explained how the initial 1980s 
euphoria on possible new accelerator 
developments has largely evapo
rated, with the emphasis now more 
on traditional approaches to new 
energy and luminosity frontiers. For 
detectors, Murdock Gilchriese of 
Berkeley remarked how luminosity 
ceilings have been lifted, with 10 3 3 

apparently no longer the problem it 
appeared ten years ago. 

The final day's plenary sessions 
started with coverage of the sacro-
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Former Fermilab Director Leon Lederman 
called for improved public awareness of 
particle physics. 
(Photo Reidar Hahn) 

sanct Standard Model, with Keith 
Ellis of Fermilab in the quark corner, 
and William Marciano of Brookhaven 
as the electroweak contender. Ellis 
highlighted the consistent set of 
measurements now in place for the 
quark/gluon content of hadrons 
(structure functions), and how the 
kinematic coverage of these meas
urements is being extended with the 
advent of the HERA proton-electron 
collider at DESY, Hamburg. 

With electroweak measurements 
appearing to confine where the sixth 
('top') quark will turn up, Marciano 
warned against being too influenced 
by central 'predictions' for the top. 
Whatever its mass turns out to be, it 
will be much heavier than anything 
else, and this needs to be explained. 

John Cumalat of Colorado (charm), 
David Cassel of Cornell (bottom) 

and Walter Toki of SLAC (tau 
leptons) summarized the wealth of 

detailed data now building up on 
flavour physics. The final afternoon 
turned to theory, with Stephen 
Sharpe of the University of Washing
ton describing the aims and achieve
ments of lattice theory, while David 
Gross of Princeton covered recent 
theoretical developments, including 
attempts to explain the existence of 
quantum chromodynamics. 

Winding up the meeting, Leon 
Lederman was in fine form. After 
surveying the continued intactness of 
the Standard Model, he turned to the 
current level of support for high 
energy physics in the US. He de
plored the general public's lack of 
information on science in general and 
high energy physics in particular, 
which according to Lederman trans
lates into ignorance and apathy at 
congressional level. This should be 
countered, he urged, by well defined 
and thought out information cam

paigns organized by national science 
societies. 

The meeting was organized by 
physicists from Fermilab and local 
universities. Chairmen of the local 
organizing committee were 
Rajendran Raja and John Yoh from 
Fermilab. 

CERN 
A tale of two photons 

When precision data from the several 
million Zs carefully collected over 
several years by the four big experi
ments - Aleph, Delphi, L3 and Opal -
at CERN's LEP electron-positron 
collider have otherwise consistently 
underlined conventional physics, a 
hint of something unexplained quickly 
packs the seminar rooms. 

In 1991, the L3 experiment turned 
up two examples of Z decays produc
ing a muon pair accompanied by a 
widely separated pair of high energy 
photons, with the photon pair in each 
case taking some 60 GeV of energy 
(actually 58.8 and 59.0 GeV). Noth
ing to get excited about at the time, 
but ongoing data analysis tuned into 
this channel. This year two more 
events turned up, one again with a 
muon pair accompanied by a 60 GeV 
photon pair, the other with an elec
tron (electron-positron) pair and a 62 
GeV photon pair. 

At first L3 preferred to keep this 
quiet, and the news was not an
nounced at the major international 
meeting in Dallas last August. 

The first public announcement of 
the four unexplained events (out of a 
total of 1.6 million Z decays) came in 
a LEP Experiments Committee 
session at CERN in October. 

At the same session, Delphi 
spokesman Ugo Amaldi publicly 
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1) The superimposed detail in the top 
picture shows a complicated 
construction in conjunction wi th 
high precision. 

Rear panel of one 
of the four concially 
arranged TRD wire 
chambers 
This project was commiss ioned by the 
Universi ty of Bonn, designed and 
comple te ly produced together w i t h 
the Universi ty and instal led at DESY 
Hamburg. 

Al l componen ts were produced by the 
glass f ibre compress ion process, 
the outer surfaces were copperplated 
and the componen ts were bonded and 
machined so tha t they were ready to 
instal l . 

Stesalit AG 
Kunststoffwerk 
CH-4234 Zullwil SO 
Telephone 41.61.791 06 01 Fax 41.61.791 06 04 

24 Circle advertisement number on reader service form 

Large drcu'rts for large jobs. 
The alternatives are small. 

Large circuits can create more efficient and reliable systems 
operation and sometimes make impossible designs reality. 

Buckbee-Mears specializes in producing high quality, large 
size, close tolerance printed circuit boards. Some applications 
include super colliders and other high-energy physics projects. 
Our size capabilities and precision are unmatched in the 
industry. In fact, we've produced circuits up to 4 ' x 1 2 ' -
among the largest in the world. 

We work with any available clad materials and produce single-
sided, double-sided and multilayer layer circuits with plated 
through holes in boards up to 36" x 48". 

If you have an application that requires precisely built large 
size circuits, contact us. Put our capabilities to the test. 

Buckbee-Mears 
St. Paul 
A UNIT QF BMC INDUSTRIES, INC. 

245 E. 6th St. 
St. Paul, M N 55101 
612/228-6400 Telex 29-7080 
FAX 612/228-6572 

This 4' x 12'circuit is among the largest in the 
world. 
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revealed that his experiment had 
recently turned up two similar events, 
while a few weeks later the continued 
analysis of Delphi data found the first 
example of an event with a 60 GeV 
photon pair accompanied by two 
confined 'jets' of hadrons. L3 sees 
60 GeV photon pairs accompanied 
only by electrons or muons. 

The L3 analysis of radiative back
ground suggests that four events 
grouped round an energy of 60 GeV 
for the photon pair is highly unlikely, 
but spokesman Sam Ting says that a 
radiative fluctuation 'cannot be ruled 
out'. At the same time, the decay of 
some unknown heavy particle cannot 
be ruled out either. 'More data is 
needed,' he concludes. So far, Aleph 
and Opal have seen no excess of 
any such events. All four experiments 
have comparable Z samples. 

One of the unusual events seen by the L3 
experiment at CERN's LEP electron-positron 
collider, producing a 12.7 GeV positive muon, 
a 16.9 GeV negative muon, and a pair of 
photons carrying between them 59 GeV. 

While such a photon pair is one 
expected fingerprint of a Higgs 
particle, responsible for the symmetry 
breaking at the heart of the 
electroweak mechanism, a Higgs 
should also decay in other ways. 
These are not seen. 

Intriguingly, the AMY experiment 
looking at electron-positron annihila
tion at the TRISTAN collider at the 
Japanese KEK Laboratory, which 
scans lower energies than LEP, 
several years ago saw a small 
fluctuation in hadron production at a 
single energy very close to 60 GeV. 

Gaps in understanding 

A three-day workshop held at 
Fermilab last year highlighted what 
many physicists consider to be a 
new frontier area in strong inter
action physicsr loosely referred to as 
'small-x ', involving constituents 
which carry only a small fraction of 
the total proton momentum. But the 
workshop demonstrated how this 
generally involves a wider range of 
topics, blurring the traditional distinc
tion between 'hard' and 'soft' aspects 
of quark behaviour at high energy. 

The ideas have evolved out of a 
combination of theoretical progress 
and a search for new experimental 
opportunities. The first workshop 
devoted exclusively to small-x phys
ics was held at Hamburg and 
focussed on physics at the HERA 
electron-proton collider (July 1990, 
page 23). The focus of the latest 
(Argonne/Fermilab sponsored) 
meeting was the physics that could 
be explored at Fermilab's Tevatron 
proton-antiproton collider. 

The success of Quantum Chromo-
dynamics (QCD) as a theory of quark 
processes tends to hide the fact that 
its domain of applicability is limited -
there are still many everyday strong 
interaction phenomena that cannot 
be explained in terms of interacting 
quarks and gluons. 

The standard picture of a high 
momentum proton includes three 
'valence' quarks plus an indetermi
nate number of evanescent quark-
antiquark pairs (the 'sea') and 
gluons, each carrying a fraction x of 
the total momentum of the proton. 
The x distribution of the quarks and 
gluons - the 'structure function' -
changes or 'evolves' as the momen
tum of the probing particle increases 
(i.e. its wavelength decreases). The 
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CIT 
Vacuum Technology Division 

ALCATEL CIT 

Division Technologie du Vide 

98 al. de Brogny 

F-74000 Annecy 

Tél. : (33) 50 65 77 77 

Fax : (33) 50 65 77 89 

Please contact : 

Mr délia Faille 

P o m p e s t u r b o m o l é c u l a i r e s . 

P o m p e s m o l é c u l a i r e s . 

P o m p e s h y b r i d e s . 

P o m p e s s è c h e s t y p e " Dry te l 

Turbomolecular pumps. 
Molecular pumps. 
Hybrid pumps. 
Dry pump type "Drytel". 

ATEA 

Société Atlantique de 

Techniques Avancées 

BP 225 

F-44472 Carquefou Cedex 

Tél. : (33) 40 30 36 02 

Fax: (33) 40 30 16 53 

Please contact : 

Mr Lecuyer 

C a v i t é s s u p r a c o n d u c t r i c e s en n i o b i u m . 

A n t e n n e s R F p o u r c h a u f f a g e p l a s m a . 

S o u d a g e par FE d e m é t a u x e x o t i q u e s . 

Niobium superconducting cavities. 
RF antennae for plasma heating. 
Electron beam welding of special materials. 

celduc CELDUC RELAIS 

F-42290 Sorbiers 

Tél. : (33) 77 53 39 55 

Fax : (33) 77 53 85 51 

Télex : 330872 F 

Please contact : 

Mr Van Wijck 

S u r c a t a l o g u e , m a i s a u s s i su r c a h i e r d e s c h a r g e s , C e l d u c p r o p o s e : 

L e s a m p o u l e s r e e d , à par t i r d e s q u e l l e s s o n t é l a b o r é s les re la is r e e d , e t les c o n 

t a c t s d e p r o x i m i t é . 

L e s re la i s s t a t i q u e s p o u v a n t c o m m u t e r d e f o r t e s p u i s s a n c e s s a n s p i è c e en m o u 

v e m e n t , s a n s p a r a s i t e g é n é r é , a v e c u n e d u r é e d e v i e i l l im i tée . 

Les i n t e r f ac es d ' a u t o m a t i s m e s t ra i tan t les p r o b l è m e s d ' acqu i s i t i on et d e c o m m a n d e 

à d i s t a n c e . 

L e s t r a n s f o r m a t e u r s d e p u i s s a n c e . 

From its catalogue of standard products or according to customers specifications, 
the celduc group offers : 
Reed switches which are used in reed relays, and proximity contacts. 
Solid state relays able to switch high power without any moving parts, without 
generating interference and with an unlimited lifetime. 
Serial interface systems dealing with data acquisition and remote control problems. 
Power transformers. 

'ERÛIE 

CONVERGIE 

53, rdu Cdt Rolland 

F-93350 Le Bourget 

Tél. : (33) 1 48 38 92 77 

Fax: (33) 1 483613 46 

Télex : 233703 F 

Please contact : 

Mr Le Fevre 

A l i m e n t a t i o n s s y n t h é t i s é e s . 

A l i m e n t a t i o n s d e L a b o r a t o i r e et C h a r g e s E l e c t r o n i q u e s . 

A l i m e n t a t i o n s d ' E q u i p e m e n t i ndus t r i e l s e t c i v i l s d u r c i s . 

M i c r o c o n v e r t i s s e u r s et M o d u l e s C o n v e r t i s s e u r s . 

Synthetized Power Supplies. 
Power Supplies for Laboratory and dynamic loads. 
Industrial and Commercial grade Power Supplies. 
DC/DC and MICRO DC/DC Converters. 

CORECIsa 

CORECI S.A. 

2/4 rue Jean Desparmet 

F-69008 Lyon 

Tél. : (33) 78 77 03 00 

Fax : (33) 78 77 03 20 

Télex: 300314 F 

Please contact : 

Mr Ryan 

C a p t e u r s d ' h u m i d i t é , d e t e m p é r a t u r e et d e g a z . 

T r a n s m e t t e u r s d e m e s u r e . 

R é g u l a t e u r s , I n d i c a t e u r s , E n r e g i s t r e u r s . 

S y s t è m e s d e s u r v e i l l a n c e . 

G r a d a t e u r s d e p u i s s a n c e t h y r i s t o r s . 

Humidity, temperature and gas sensors. 
Measurement transmitters. 
Controllers, Indicators, Recorders. 
Monitoring appliances. 
Thyristor power controllers. 

CRYOMAT CRYOMATsarl 

B.P. 36 

F-77720 Mormant 

Tél. : (33) 1 64 06 59 04 

Fax : (33) 1 64 06 59 05 

S u p e r i s o l a t i o n : P o l y e s t e r 3,5 a l u m i n i s é et e s p a c e u r s p é c i f i q u e m o n o f i l a m e n t . 

M a g n é t o m è t r e - S u s c e p t o m è t r e M A N I C S , m o d . D S M 8 pe rme t t an t auss i d e s m e s u r e s 

d ' a n i s o t r o p i e , t o t a l e m e n t a u t o m a t i s é . 

M e s u r e s d e t e m p é r a t u r e s C R I S T E L et c a p t e u r s c r y o g é n i q u e s . 

PLATEST MLI superinsulation, 3.5 jll reflector and special monofilament spacer. 
MANICS fully automatic DSM-8 Magnetometer - Susceptometer with anisotropy 
measurements. 
CRISTEL Instruments for measurements. Cryogenic sensors. 

Please contact : 

Mr Heriche 



SAPHYMO-PHY 

5, rue du Théâtre 

F-91884 Massy 

Tél. ; (33) 1 601314 13 

Fax : (33) 1 60 13 14 10 

Please contact : 

Mr Moreau 

D o s i m è t r e s é l e c t r o n i q u e s et s y s t è m e s d e d o s i m é t r i e i n d i v i d u e l s . 

S y s t è m e s p o u r le c o n t r ô l e r a d i o l o g i q u e d e s a c c è s d e s i te n u c l é a i r e . 

B a l i s e s p o u r les m e s u r e s d a n s l ' e n v i r o n n e m e n t . 

R a d i a m è t r e s , P o l y r a d i a m è t r e s . 

Electronic Dosimeters and individual dosimetry systems. 
Radiological control systems for nuclear sites access. 
Beacons for environmental measurements. 
Radiameters. 

i S C A I M E 
FORCE / PESAGE 

SCAIME 

Le Bois de Juvigny 

B.P.501 

F-74105 Annemasse 

Tél. : (33) 50 87 78 64 

Fax : (33) 50 87 79 46 

Télex : 309596 F 

Please contact : 

Mr Beroud 

S C A I M E p r o p o s e u n e g a m m e c o m p l è t e d e c a p t e u r s d e p e s a g e o u d e f o r c e à j a u 

g e s d e c o n t r a i n t e ( é t e n d u e s d e m e s u r e : 3 0 g à 1 0 0 0 1 ) . C e s c a p t e u r s son t u t i l i sés 

p o u r le p e s a g e c o m m e r c i a l h o m o l o g u é o u la m e s u r e d e f o r c e en m i l i eu i ndus t r i e l 

o u e n l abo ra to i r e (e r reu r c o m b i n é e : 0 , 0 0 8 % à 0 ,05 % , s u i v a n t m o d è l e ) . 

SCAIME offers a complete range of strain gages load cells (nominal capacities from 
30 g to 1000 tons). Those load cells are used for approved commercial weighing 
or force measures in industrial set or in laboratory (combined error : 0,008 % to 
0,05 % of full scale, depending on model). 

SDMS 
chaudronnerie blanche 

SDMS 

B.P.4 

F-38160 Saint Romans 

Tél. : (33) 76 64 99 99 

Fax : (33) 76 64 99 98 

Télex: 320190 F 

Please contact : 

Mr Gaillard 

R é a l i s a t i o n d e p l u s i e u r s mi l l i e rs d ' e n c e i n t e s à v i d e . 

C a n a l i s a t i o n s c r y o g é n i q u e s . 

C h a m b r e s d e s i m u l a t i o n s p a t i a l e . 

R é s e r v o i r s s o u s p r e s s i o n . 

C o n t e n e u r s . 

Manufacturing of several thousand vacuum vessels. 
Cryogenic pipes. 
Space simulation chambers. 
Pressure vessels 
Containers. 

SEFELEC 

19, rue des Campanules 

Parc d'Activités du Mandinet 

Lognes 

F-77321 

Marne la Vallée cedex 2 

Téi. : (33) 1 60 17 54 62 

Fax: (33)1 60 17 35 01 

Please contact : 

Mr Danicourt 

A l i m e n t a t i o n h a u t e t e n s i o n r é g u l é e d e 0-1 kV à 0 - 6 0 0 kV = r égu la t i on < 0 , 0 0 5 % . 

M é g o h m m è t r e p i c o a m p è r e m è t r e p r o g r a m m a b l e d e 100 o h m s à 2 . 1 0 1 5 o h m s et d e 

0,01 pA à 2 0 m A s o u s u n e t e n s i o n d e 1 V à 1 5 0 0 V . 

P o s t e d e r ig id i té d i é l e c t r i q u e D C et A C , e s s a i s n o n des t ruc t i f s d e 0 à 6 kV , 0 à 

12 kV, 0 à 5 0 kV. 

D i é l e c t r i m è t r e ( m é g o h m m è t r e + p o s t e d e r ig id i té d i é l ec t r i que ) p r o g r a m m a b l e . 

M i c r o h m m è t r e s p r o g r a m a b l e s d e 1 m i c r o o h m à 8 0 . 0 0 0 o h m s , p r é c i s i o n < 0 ,05 % 

Regulated high voltage power supplies from 0-1 kVto 0-600 kV= regulation < 0,005%. 
Programable megohmmeter picammeter 100 ohms to 2.1015 and from 0.01 pA to 
20 mA with a voltage from 1 V to 1500 V. 
Dielectric strength testers DC and AC, non destructive tests from 0 to 6 kV, 0 to 
12 kV, 0 to 50 kV. 
Programmable dielectricmeters (megohmmeter + dielectric strength tester). 
Programmable microhmmeters from 1 microohm to 80,000 ohms, accuracy < 0.05%. 

SICN 

SIGN 

B.P.2 

F-38113 Veurey-Voroize 

Tél. : (33) 76 86 90 00 

Fax : (33) 76 86 90 20 

Télex: 320714 F 

R é a l i s a t i o n d e p i è c e s m é c a n i q u e s d e h a u t e p r é c i s i o n pou r la D é f e n s e N a t i o n a l e , 

les e n g i n s s p a t i a u x , l ' i ndus t r ie n u c l é a i r e et les c e n t r e s d e r e c h e r c h e s c i e n t i f i q u e s 

( C E R N ) . E x e m p l e : C o u p l e u r s , t u n e r s . 

Fabrication of high precision components for the military, space and nuclear in
dustries, for different scientific research centres (CERN). For exemple : Copiers, 
tuners. 

Please contact : 

Mr Beroud 



L'AIR LIQUIDE 

Div. Techniques Avancées 

B.P. 15 Les Engenières 

F-38360 Sassenage 

Tél. : (33) 76 43 60 85 

Fax : (33) 76 43 61 31 

Please contact : 

Mr Marty 

R é f r i g é r a t e u r s et l i q u é f a c t e u r s d ' h é l i u m . 

L i q u é f a c t e u r s d ' h y d r o g è n e . 

R é s e r v o i r s f i xes et t r a n s p o r t a b l e s d ' h é l i u m et d ' h y d r o g è n e l i q u i d e s . 

C e n t r a l e s f r o i d e s 

E p u r a t e u r s c r y o g é n i q u e s d e g a z r a r e s , d ' h é l i u m et d ' h y d r o g è n e . 

U n i t é s d e r é c u p é r a t i o n d e s o l v a n t s - G é n i e t h e r m i q u e d a n s le d o m a i n e - 2 0 0 ° + 1 0 0 ° . 

L i g n e s d e t r a n s f e r t s o u s v i d e . 

C r y o p o m p e s . 

Helium refrigerators and liquefiers. 
Hydrogen liquefiers. 
Stationary and transportable liquid helium and liquid hydrogen vessels. 
Cooling units. 
Rare gas, helium and hydrogen cryogenic purifiers. 
Solvent recovery cryogenic fluids. 
Vacuum transfer lines. 
Cryopumps. 

N E LE CARBONE LORRAINE C o m p o s a n t s et s y s t è m e s p o u r a p p l i c a t i o n s i n d u s t r i e l l e s . 

CEFILAC ETANCHEITE J o i n t s e t s y s t è m e s d e h a u t e é t a n c h e i t é . 

90, rue de la Roche du Geai 

F-42029 Saint-Etienne cedex 

Tél. : (33) 77 25 22 77 Components and systems for industrial applications. 
Fax : (33) 77 37 18 14 Sealing rings and systems for high performance sealing. 
Télex : 330697 F 

Please contact : 

Mme Dufour 

LUI IE S A 
LUZIESA 

Sainte Marie de Frugie 

F-24450 La Coquille 

Tél. : (33) 53 52 88 93 

Fax : (33) 53 52 04 83 

Please contact : 

Mr Demoulin 

R é a l i s a t i o n d e D É F A U T S A R T I F I C I E L S à f a ç o n et t r a v a u x s p é c i a u x par É l e c t r o -

É r o s i o n - U l t r a s o n s - L a s e r - S o u d u r e pa r D i f f u s i o n . 

C o n s t r u c t i o n et d i f f us ion d ' u n e m a c h i n e s p é c i f i q u e d ' u s i n a g e par É l e c t r o - É r o s i o n 

p o u r f a i r e d e s D É F A U T S A R T I F I C I E L S et t o u s m i c r o u s i n a g e s . 

P u i s s a n c e d e t rava i l : d e 3 0 m A à 5 A . 

Allowance in machining ARTIFICIAL DEFECTS and special working by Ultraso
nics - Spark-Erosion - Laser - Diffusion welling. 
Marketing of spark-erosion machine specifically intended for production of artifi
cial defects and micro machining. 
Working power : from 30 m A to 5 A. 

1 MERLIN GERIN MERLIN GERIN 

9, av du Pré de Challes 

PAE des Glaisins 

F-74940 Annecy-le-Vieux 

Tél. : (33) 50 64 01 62 

Fax : (33) 50 64 00 97 

Please contact : 

Mr Muller 

Les ac t i v i t és d e Mer l i n G e r i n s e r é p a r t i s s e n t d a n s p l u s i e u r s d o m a i n e s : 

D i s t r i b u t i o n B a s s e T e n s i o n ( d i s j o n c t e u r s , c o n d e n s a t e u r s , g e s t i o n d ' é n e r g i e . . . ) . 

T r a n s p o r t et d i s t r i b u t i o n H a u t e T e n s i o n ( t r a n s f o r m a t e u r s . . . ) . 

E l e c t r o n i q u e i ndus t r i e l l e ( a l i m e n t a t i o n s d e s é c u r i t é , . . . ) . 

R é a l i s a t i o n d ' e n s e m b l e s ( i n s t a l l a t i o n s c o m p l è t e s , s u p e r v i s e u r s . . . ) . 

MERLIN GERIN activities are divided in several sectors : 
Low voltage distribution (circuit-breakers, capacitors, automatic and programma
ble functions, alarm systems... ) . 
Transport and high voltage distribution (switchgear SF6, power-transformer). 
Industrial electronics (UPS, ...). 

NEWPORT 

MICRO-CONTROLE 

3 bis, rue Jean Mermoz 

B.P. 189 

F-91006 Evry cedex 

Tél. : (33) 1 60 91 68 68 

Fax : (33) 1 60 91 68 69 

R T N : P l a t e a u t o u r n a n t d e h a u t e p r é c i s i o n ( 1 0 3 ° ) d e s t i n é à d e s c h a r g e s i m p o r t a n 

tes ( 2 0 0 à 8 0 0 kg ) . 

L A E 5 0 0 : L u n e t t e a u t o c o l l i m a t r i c e é l e c t r o n i q u e d e h a u t e p r é c i s i o n (0 ,1 L i r a d ) . 

G o n i o m è t r e a v e c 3 à 6 a x e s d e l i be r té . 

B a n c a v e c d é p l a c e m e n t d e g r a n d e p r é c i s i o n su r c o u s s i n d 'a i r p o u r d e s c h a r g e s 

l o u r d e s . 

V é r i n ins ta l l é su r L A S E R N O V A ( L i v e r m o r e ) e t P H E B U S ( C E A L ime i l ) . 

Please contact : 

Mr Van de Vyvere 

RTN : High precision (103°) rotary stages designed to withstand heavy loads (200 
to 800 kg). 
LEA 500 : High resolution electronic autocollimators (0,1 \xrad). 
Goniometer with 3 to 6 axes of freedom. 
High precision displacement bench on air bearings for heavy loads. 
Actuator on NOVA LASER (Livermore) and PHEBUS (CEA Limeil). 

file:///xrad


D R U S C H 

DRUSCH 

19, rue Ch. E. Jeanneret 

Technoparc 

F-78306 Poissy cedex 

Tél. : (33)1 39 11 31 31 

Fax: (33)1 39 11 11 10 

Please contact : 

Mr Bouhnik 

A l i m e n t a t i o n p u i s s a n c e c l a s s e 10 -5 - 1 0 - 6 . 

E l e c t r o - a i m a n t . 

S y s t è m e m a g n é t i q u e p o u r R M N . 

I R M m é d i c a u x d é d i é s . 

G a u s s m è t r e R M N . 

10-5 - 10-6 power supplies. 
Electromagnets. 
Magnetic systems for MRI. 
Magnetic systems for medical imaging. 
MRI gaussmetres. 

EFFA 

116, avenue du Belvédère 

F-93310 Le Pré StGervais 

Tél. : (33)1 48 46 87 34 

Fax : (33) 1 48 46 55 95 

Please contact : 

Mr Touzin 

T r a n s m e t t e u r s d e p r e s s i o n a b s o l u e - g a m m e s c o u v e r t e s 10~ 4 mbar a à 10 b a r s a . 

T r a n s m e t t e u r s d e p r e s s i o n d i f f é ren t i e l l e o u re la t i ve - g a m m e d e 1 0 4 m b a r à 1 0 0 

bar.s. 

B a r o m è t r e s d e h a u t e p r é c i s i o n . 

T e m p e r a t u r e s d e f o n c t i o n n e m e n t d e 1k à 1 5 0 ° C . 

V e r s i o n s s p é c i a l e s rés i s tan t a u x r a d i a t i o n s i o n i s a n t e s . 

Absolute pressure transmitters : range from 104 mbar a up to 10 bars a. 
Differential or gauge pressure transmitters : from 104 mbar to 100 bars. 
High precision barometer. 
Working temperatures from 1K up to 150°C. 
Special equipments for ionizing radiations environments. 

E U R O T H E R M 

A U T O M A T I O N 

EUROTHERM 

AUTOMATION 

6, chemin des Joncs 

B.P.55 

F-69572 Dardilly cedex 

Tél. : (33) 78 66 19 43 

Fax : (33) 78 35 24 90 

Télex : 380038 F 

Please contact : 

Mr Chaume 

R é g u l a t e u r s et r é g u l a t e u r s / p r o g r a m m a t e u r s m o n o o u b i b o u c l e . 

S y s t è m e s d e s u p e r v i s i o n . 

E n s e m b l e m u l t i b o u c l e d e r é g u l a t i o n et d ' a u t o m a t i s m e . 

C o n t a c t e u r s s t a t i q u e s et g r a d a t e u r s d e p u i s s a n c e . 

I ns ta l l a t i ons c lé en m a i n . 

Controllers/programmers (simple or dual loop). 
Supervisory system. 
Multiloop control system. 
Solide state contactors and power controllers. 
Turn key installation. 

G E C 
T 

A L S T H O M 
GEC ALSTHOM et ALSTHOM 

INTERMAGNETICS 

3, av des 3 Chênes 

F-90018 Belfort cedex 

Tél. : (33) 84 55 10 00 

Fax: (33) 84 55 16 15 

Télex : 360965 F 

Please contact : 

Mr Grunblatt 

Fil s u p r a c o n d u c t e u r p o u r c o u r a n t c o n t i n u et a l t e rna t i f . 

C â b l e s u p r a c o n d u c t e u r . 

A i m a n t s p o u r l ' Imager ie pa r R é s o n n a n c e M a g n é t i q u e . 

A i m a n t s p o u r la P h y s i q u e d e s H a u t e s E n e r g i e s . 

A i m a n t s p o u r la f u s i o n c o n t r ô l é e . 

Superconducting wires for DC current and alternative current. 
Superconducting cable. 
Magnets for Magnetic Resonance Imaging. 
Magnets for High Energy Physic. 
Magnets for the controlled fusion. 

S f GARÇONNET GF GARÇONNET 

Route d'Envermeu 

F-76510 Saint Nicolas 

d1 Aliermont 

Tél. : (33) 35 85 90 58 

Fax: (33) 35 04 19 57 

Télex: 180450 F 

P i è c e s d e D é c o u p a g e F i n , p r i n c i p a l u t i l i s a t e u r : l ' i n d u s t r i e a u t o m o b i l e m a i s le 

D é c o u p a g e F in es t a u s s i u t i l i sé d a n s les d o m a i n e s d e l ' av ia t ion , o p t i q u e , t ex t i l e , 

a r m e m e n t . G A R Ç O N N E T a d é c o u p é , e n t r e a u t r e s , les co l l i e r s et les f e r s f r o i d s 

d e s q u a d r u p o l e s d e H E R A . 

Please contact : 

Mme Deseraud 

H A Z E M E Y E R 

HAZEMEYER S.A. 

Z.l. route deGrugies 

F-02430 Gauchy 

Tél. : (33) 23 50 36 36 

Fax : (33) 23 08 80 72 

Télex: 150685 F 

H a z e m e y e r , d a n s le c a d r e de s o n ac t i v i té é l e c t r o n i q u e d e p u i s s a n c e , é tud ie et réa l i se 

d e s a l i m e n t a t i o n s d e p u i s s a n c e d e h a u t e s tab i l i t é . 

S a g r a n d e e x p é r i e n c e en a l i m e n t a t i o n s p o u r c h a r g e s u p r a c o n d u c t r i c e o u n o n p la 

ce H A Z E M E Y E R a u tou t p r e m i e r p l a n d e s f o u r n i s s e u r s . 

As part of its electronic power supply activity, HAZEMEYER designs and manu
factures power supplies of high stability. 
Its great experience in power supplies for supraconductors puts HAZEMEYER 
amongst the most important suppliers. 

Please contact : 

Mr Pieranti 



THERMO-EST 

ZI du Malambas Hauconcourt 

BP . 340 

F-57213 Maizieres les Metz 

Tél. : (33) 87 80 68 18 

Fax : (33) 87 51 72 04 

Télex : 860664 F 

Please contact : 

Mr Lecomte 

C a n n e s p y r o m é t r i q u e s p o u r t o u s m i l i e u x i n d u s t r i e l s . 

E t a l o n n a g e d e c a p t e u r s d e t e m p é r a t u r e . 

T h e r m o c o u p l e s c h e m i s é s . 

C o n v e r t i s s e u r s t e c h n i q u e s 2 f i l s , 4 f i l s . 

U s i n a g e d e p i è c e s m é c a n i q u e s d e p r é c i s i o n . 

Temperature sensors for industrial use. 
Calibration of temperature sensors. 
Mineral insulated thermocouples. 
2 and 4 wires transmitters. 
Processing of precision mechanical parts. 

T+C 
THEVENET+CLERJOUNIE 

22, av Franklin Roosevelt 

F-69120 Vaulx en Velin 

Tél. : (33) 78 49 54 64 

Fax : (33) 78 49 62 93 

Télex : 380544 F 

Please contact : 

Mr Pinet 

M é c a n i q u e : t rava i l à f a ç o n - C N et c o n v e n t i o n n e l . F o r a g e - r o d a g e . 

H y d r a u l i q u e : p o m p e s à m a i n , j o i n t s t o u r n a n t s , v é r i n s . 

J o n c t i o n s b i - m é t a l l i q u e s : t o u s r a c c o r d s et l i a i sons é t a n c h e s (u l t ra -v ide ) d e m a t é 

r iaux h é t é r o g è n e s . 

Mechanics : sub-contractor, NCM and conventionné. Deep boring - lapping. 
Hydraulics : hand pumps, rotating manifold, cylinders. 
Bi-metallic junctions : any joint and leak-tight assembly (UHV) of heterogeneous 
metals. 

OTHOMSON THOMSON 

TUBES ELECTRONIQUES 

13, av Morane Saulnier 

Bâtiment Chavez 

B.P. 121 

F-78148 Velizy Villacoublay 

Tél. : (33) 1 30 70 35 00 

Fax : (33) 1 30 70 35 35 

Please contact : 

Mme Bernier 

T u b e s à g r i l l es et d e c o m m u t a t i o n : t r i o d e s , t é t r o d e s , t h y r a t r o n s , e tc . et é q u i p e 

m e n t s a s s o c i é s : c a v i t é s R F , é m e t t e u r s . . . 

T u b e s h y p e r f r é q u e n c e s : k l y s t r o n s , g y r o t r o n s , m a g n e t r o n s , t u b e s à o n d e s p r o 

g r e s s i v e s , a ins i q u e c o m p o s a n t s f e n ê t r e s et é q u i p e m e n t s d i v e r s . 

T u b e s i n t e n s i f i c a t e u r s d ' i m a g e s et d e p r i se d e v u e , v i s u a l i s a t i o n ( t ubes à r a y o n s 

c a t h o d i q u e s p a n n e a u x à p l a s m a ) . 

Products include : 
Power-grid and switching tubes : triodes, tetrodes, thyratrons and associated 
equipment : FR cavities and generators. 
Microwave tubes : klystrons, gyrotrons, magnetrons, traveling-wave tubes, as well 
as windows and accessories. 
Image intensifier and display tubes : pick-up tubes, cathode-ray tubes, plasma display 
panels. 

^ " V E R M É T A L ^ VERMETAL T r a v e r s é e s d e c o u r a n t , t e n s i o n et s i g n a u x e n v e r r e - m é t a l et c é r a m i q u e - m é t a l . 
v y p u e i v i a r c e i i n Berthelot H u b l o t s s c e l l é s é t u v a b l e s en v e r r e , s a p h i r , s i l i ce , g e r m a n i u m , C a F 2 , M g F 2 . 

21 L a m p e s f l a s h e s p o u r p o m p a g e d e L a s e r s o l i d e s . 

F-77550 Moissy-Cramayel 

Tél. : (33) 1 64 88 46 01 

Fax : (33) 1 60 60 42 55 

Glass-to-Metal and Ceramic-to-Metal feedthroughs and adapters. 
Please contact : U.H. V. Glass, Silica, Sapphire, Germanium, CaF2 and MgF2 viewports. 
Mr Louis Flash lamps for Laser pumping. 

L'exposition La France au CERN est organisée par 

le Comi té Français des Mani festat ions E c o n o m i q u e s à l 'Etranger 
et le Ministère de la Recherche et de l 'Espace 

P o u r p l u s d ' i n f o r m a t i o n c o n t a c t e r : 

M a d a m e KHAIAT - C F M E (33) 1 40 73 32 42 
M o n s i e u r PEPY - M R E (33) 1 46 34 32 71 



Martin Block (left) and J.D. Bjorken at the 
recent Fermilab workshop on 'small-x' 
physics. 
(Photo M. Albrow) 

closer the proton is scrutinized, the 
more quarks and gluons are seen. As 
there are more of them, their average 
momentum fraction x must be 
smaller. 

Quarks and gluons radiate 'soft' 
gluons in the very low x region (less 
than lO 3 or evenlO 4) . But new 
phenomena must occur with high 
gluon densities, such as recombina
tion of gluons to form higher x 
gluons, or something akin to shadow
ing of gluons by each other, or 
perhaps collective effects like 'con
densation' or superfluidity. Perhaps 
there are local regions of high den
sity, which have become known as 
'hot spots'. 

As emphasized by J. Bartels the 
small-x region is a transition between 
perturbative (quark/gluon) hard 
scattering and the non-perturbative 
soft region traditionally described in 
'Regge' language. One of the most 
challenging theoretical issues is to 
determine whether the small-x 
behaviour of the gluon distribution 
can be calculated from techniques 
originally developed to study the 

Regge limit. 
Experiment has measured the 

proton structure function only down 
to about x = 0.01, and HERA will 
open up totally unexplored 
kinematical territory. However 
Fermilab's Tevatron, with proton-
antiproton collisions at 1800 GeV, 
can also probe the gluon structure 
function at these very low values of x, 
although details have still to be 
studied. 

The idea is to measure a high 
transverse momentum direct photon 
and the recoil hadron jet, when both 
are at small angles (a few degrees) 
in the same direction. This would pick 
up predominantly medium-x quarks 
hitting very low-x gluons. The result
ing information on the low-x gluon 
density would also be useful for 
predicting heavy quark production at 
the LHC and SSC proton-proton 
colliders. 

Another strong interaction physics 
frontier is the old but still not under
stood phenomenon of diffraction, 
traditionally described by exchange 
of a 'Pomeron' between two protons 

bouncing off each other. As well as 
producing elastic scattering, this 
process can also excite one or both 
of the protons. 

When this was first seen at the 
CERN Intersecting Storage Rings 
(ISR) the effective masses of the 
excited protons ranged up to about 
15 GeV. AtCERN's proton-antiproton 
collider this range extended to about 
150 GeV, while the Tevatron reaches 
about 430 GeV. These massive 
systems tell a lot more about the 
d if tractive process. 

By focussing on hard scattering 
processes within this heavy system, 
measurements can in principle 
extract an effective quark/gluon 
structure of the exchanged Pomeron. 
A 'perturbative Pomeron' could 
appear when the momentum transfer 
becomes large enough. 

Experiment UA8 at the CERN 
collider found remarkably clean jet 
structures, convincingly interpreted 
as resulting from hard scattering 
between gluons or quarks in the 
struck (anti-)proton and the Pomeron 
(March 1992, page 4). Remarkably, 
J.C. Collins argued that this phenom
enon would be absent in Pomeron-
induced hard scattering processes at 
HERA. 

Diffractive hard scattering has so far 
been neglected at the Tevatron, 
where the higher masses could give 
rise to more spectacular effects and 
the studies could be valuably ex
tended. Although the Pomeron looks 
like a murky remnant of old (pre-
1974) physics, it has yet to be under
stood. 

The idea of 'rapidity gaps' in very 
high energy collisions has recently 
aroused considerable interest. A 
quark collision mediated by the 
exchange of a photon, W or Z should 
produce hadron jets, but since the 
exchanged particles do not carry the 
usual 'colour' quantum number of 
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quark interactions, there would be no 
resultant central hadronization, 
leaving a kinematical range (a few 
units of 'rapidity') with no particles - a 
gap. 

J.D. Bjorken, F. Halzen and others 
argued that rapidity gaps should be 
sought at the Tevatron. Such gaps 
are common in diffractive collisions, 
but the momentum transfer across 
the gap is always less than a few 
GeV if the conventional soft Pomeron 
is exchanged. However a wide gap 
might also be possible with a very 
large momentum transfer, say 
50 GeV (a 'hard' Pomeron). Theorists 
are encouraging experimenters to 
look for events with balanced jets 
separated by a rapidity gap as a 
means of isolating 'hard diffraction', a 
quite new aspect of strong interac
tions. 

There are also attempts to explain 
strange cosmic ray events such as 
'Centauro', with a very large imbal
ance between electromagnetic and 
hadronic energy, in ways which 
relate to hard diffraction. At hadron 
colliders, the physics of particles 
coming out at large angles (the 
central region) has been so interest
ing and fruitful since the mid-late 70s 
that what comes out in the forward 
directions has been relatively ne
glected. The Fermilab workshop 
demonstrated this might be an 
oversight. 

From Michael Albrow and Alan White 

Stan Hagen, leader of the Canadian delega
tion, and Kim Campbell, senior British 
Columbia federal minister push for the new 
KAON facility at the Vancouver TRIUMF 
Laboratory. 
(Photo Tallulah) 

Vancouver Cyclotron 
Conference 
Although no longer on the high 
energy frontier, the cyclotron field is 
still a major scientific growth area. Its 
progress is highlighted at the interna
tional conference on cyclotron 
design, development and utilization 
held at intervals of about three years, 
under the auspices of the Interna
tional Union of Pure and Applied 
Physics (IUPAP). 

Vancouver, surrounded by moun
tains, water and some cyclotrons, 
provided a pleasant setting for the 
13th Conference, held last summer. 
With over 200 cyclotrons in operation 
around the world, the attendance, 
241 delegates and 26 industrial 
exhibitors, was a near record, reflect
ing the flourishing state of the field. 

The early sessions covered the 
initial operation of new or upgraded 
cyclotron facilities. Major facilities 
completed since the previous Confer
ence in Berlin in May 1989 included 

the 400 MeV ring cyclotron at Osaka, 
the U400M cyclotron at Dubna which 
will be coupled to the U400 to give 
20 MeV nucléon uranium beams, the 
130 MeV cyclotron at Jyvaskyla 
(in Finland, the furthest north!), the 
110 MeV JAERI machine in Japan, 
and the 65 MeV proton therapy 
cyclotron in Nice. 

Among the facility upgrades were 
the KFA cyclotron at Julich which will 
inject the 2.5 GeV storage ring 
COSY, and the addition of an FM 
mode to the K=200 CW mode at 
Uppsala to give protons up to 
180 MeV. The impressive current of 
1.5 mA at 72 MeV obtained from the 
PSI Injector II will soon be injected 
into the 590 MeV ring. 

Many new cyclotrons involve the 
use of superconducting magnets. For 
instance the rotatable 'flying cyclo
tron' built at Michigan State Univer
sity is now treating cancer patients at 
Harper Hospital in Detroit. Supercon
ducting cyclotrons of novel design 
are also moving in Europe; that 
begun in Milan is being completed in 
Catania, while one being built in 
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The Better Vacuum Book, Fi 
Sec the 
lu l l spectrum 
of better-built 
vacuum components in 
Huntington Laboratories' 
free catalog. Your one source 
for everything - from valves to 
manipulators, flanges to feedthroughs, standard and 
custom chambers. For a free copy, note your applica
tion on letterhead to: Huntington Laboratories, 1040 
L'Avenida, Mtn. View, CA 94043. Or call: (800) 227-
8059. In CA: (415) 964-3323. Fax: 415-964-6153. 

H u n t i n g t o n 
Better-Built Vacuum Components 

15 Circle advertisement number on reader service form 

Fifth Annual 
1993 International Industrial 

Symposium on the 
Super Collider (IISSC) 

IISSC 
San Francisco Hilton and Towers 

San Francisco, California, USA 
May 6, 7, 8 ,1993 

The fifth annual IISSC will be 1993's preeminent forum for 
discussion among scientific, industrial, legislative, and 
government partners in the Superconducting Super Collider 
program with an emphasis on the project's goals, upcoming 
milestones, technical challenges, and industrial opportunities. 

Areas to be covered at the 1993 symposium include: 

Accelerators 
Magnets 
Detectors 
Construction 
Education 

Superconductors 
Cryogenics 
Data Analysis & Computing 
International Participation 
Project Status 

Exhibit information can be obtained from Mr. Tony Favale, IISSC Exhibits 
Chairman, c/o Grumman Space Systems, MS B29-25, Bethpage, New York, 
USA, 11714. Telephone (516) 575-9345. FAX: (516) 575-8231. 

Symposium registration information is available from Ms. Pamela E. Patterson, 
Conference Manager, IISSC, P.O. Box 171551, San Diego, California, USA, 
92197. Telephone: (619) 490-0164. FAX: (619) 490-0138. 

Powered Crates 
NIM-Crates 
CAMAC Crates 
To CERN-Spec. 099a, 
500W, linear regulated. 
To CERN-Spec. 336, 
750W, switch mode 
regulated. 
Tested and accepted 
by CERN EP 

FASTBUS-Crates 
To CERN-Spec. F6852, 
3.300W, 3-phase input, 
switch mode regulated. 
Wes-Crate Power Supplies 
are distinguished by low 
noise and r ipple. Electro-
magnet ical ly shielded. 
Tested and accepted 
by CERN EP 

/ H I I F 

mmm^mmmmnmmmimmmm\\\\\ 
VMEbus-Crates 
To CERN-Spec. V-422. 
Excellent electrical 
and mechanical 
performance for 
institute users. 
Tested and accepted 
by CERN EP 

VMEbus-Crates 
To CERN-Spec. V-430. 
Backplane with JAUX 
connector between 
J l and J2. 
+ 5V /100A, -5 ,2V /100A, 
- 2 V / 5 0 A , ± 1 2 V / 2 A , 
±15V/2A. 
Tested and accepted 
by CERN EP 

Every CERN-Spec. so far 
has given rise to a CERN-
approved Crate f rom 

LJES-Crates 
Telefon0461 / 77 41 77 
Telefax 0461 / 7 7 4 1 41 
International +49461 / 

Wes-Crates GmbH 
Pattburger Bogen 33 
D-2398 Harr is lee/Flensburg 
Germany 

Your contact in Geneva: HiTech Systems Sa, Avenue Wendt 16, 
1203 Geneva,Tel.: 022 /44 7788, Fax: 022 /456551 

Your contact at PSI and ETH Zurich: Dipl.-lng. Kramert AG, 
Villigerstr.370, CH-5236 Remigen,Tel.: 056 /44 15 55, Fax: 44 5055 

2 Circle advertisement number on reader service form 
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Orsay will be installed at Groningen. 
Several superconducting cyclotrons 
are developing higher deflector 
voltages to extract the highest 
energies. 

One superconducting machine 
pushing the design frontiers is 
the TRITRON, described by Trinks 
of Garching, which will be the first 
separated orbit cyclotron (SOC), 
an idea that arose in the 1960s with 
the 'Beehive' three-dimensional 
design of Russell from the UK 
Rutherford Lab. The TRITRON orbits 
lie in a plane, and each has its own 
focusing and bending magnets, like 
a coiled up linac. TRITRON will 
also be the first cyclotron with 
superconducting r.f. Trinks also 
gave examples of designs up to 
1000 MeV. 

An ambitious new design described 
by Ziegler of the Hahn Meitner 
Institute is the superconducting 
FFAG ring proposed in Germany to 
accelerate 1.7mA protons from 
500 MeV to 3 GeV for a spallation 
neutron source. This would be the 
highest energy cyclotron, actually a 
ring synchro-cyclotron. Another 
novelty is the S-coil configuration 
proposed for a 200 MeV supercon
ducting proton cyclotron at NAC in 

South Africa, described by Jungwirth. 
Here the magnet coils are wound 
around the return yoke to provide the 
needed field increase with radius. 

A fast-developing area in nuclear 
physics is the production and use 
of radioactive beams, pioneered by 
ISOLDE at CERN. Radioactive 
beams can be produced either by 
having a high-energy, high-power 
beam hit a thick target and then 
accelerating the radioactive species, 
or by having a high-energy heavy ion 
beam fragment in a thin target. 

Cyclotrons, as well as other accel
erators, are used or planned using 
both these methods. Radioactive 
beams are already in use at TRIUMF 
(Canada), Louvain (Belgium), GANIL 
(France), RIKEN (Japan) and MSU 
(US). Future cyclotron-based facili
ties are under construction at Oak 
Ridge, INS Tokyo, Osaka and 
Dubna, and are planned for Catania/ 
Milan, GANIL, Grenoble, Moscow, 
PSI (Switzerland), TRIUMF (ISAC) 
and the North American IsoSpin 
Laboratory collaboration. The chal
lenge is to provide usable beam 
intensities of a wide variety of radio
active species for use in interesting 
nuclear science and astrophysics 
experiments. 

Ceiling moulding in the Hotel Vancouver -
very apt for a cyclotron conference. 
(Photo Tallulah) 

For heavy ion cyclotrons, injection 
with a high charge state ECR source 
can greatly increase performance, 
since energy is proportional to the 
square of charge. ECR develop
ments were reviewed by Lyneis of 
Berkeley, including the unique high 
field 10 GHz source CAPRICE at 
Grenoble, the superconducting 
source at Michigan State, and elec
tron injection with either a biased disk 
as at Grenoble or with an electron 
gun as at Berkeley. 

Cyclotrons are injecting into storage 
rings or synchrotrons at Indiana, INS 
Tokyo and Uppsala. Similar systems 
are under construction at Julich, and 
proposed at TRIUMF, Osaka, Kiev 
and Dubna. In these systems devel
opment is under way in electron and 
stochastic cooling, target systems, 
and upgraded control systems, so 
that the potential physics can be fully 
realized. A review of beam instru
mentation for cooler facilities by 
Ellison described the feedback and 
operator assistance systems needed. 

Reviews of medical and non
medical applications gave cyclotron 
designers an insight into the beam 
requirements in these fields. In his 
review of compact cyclotrons 
Bechtold (Karlsruhe) discussed the 
important application of cyclotron 
principles to compact commercial 
machines, where negative ion accel
eration is becoming more important 
because of its easy extraction of high 
beam currents. 

The talk by Blosser of Michigan 
State on future cyclotrons described 
the challenges of new designs and 
showed how a simple spread sheet 
program on a personal computer 
could do conceptual designs, param
eter studies and preliminary cost 
estimates on proposed cyclotrons. 
The nuclear physics applications of 
cyclotrons and storage rings were 
described by Hardy (Chalk River) 
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and Pollock (Indiana University), 
respectively. 

A tour of the local TRIUMF facility 
was preceded by orientation talks on 
the 520 MeV cyclotron and the 
proposed KAON Factory. Dutto 
mentioned that the cyclotron has 
been improved by the addition of a 
fourth-harmonic cavity at large 
radius, increasing the energy gain 
per turn and thus reducing electro
magnetic stripping losses. It can also 
be used in the flat-top mode to 
improve beam quality and extraction. 

Craddock described the KAON 
accelerators and how the TRIUMF 
beam will be matched to the suc
ceeding rings at 3 and 30 GeV. He 
pointed out how the support for 
KAON has been growing with the 
assistance of Dr. KAON and friendly 
government officials Mr. KAON and 
KAON Kim (see photo). During the 
tour visitors were taken above the 
cyclotron to be shown a quarter and 
a dime suspended from another 
quarter, demonstrating the power of 
the TRIUMF magnet and the collec
tive strength of Canadian currency! 

At the Conference dinner, master of 
ceremonies Mike Craddock extended 
the congratulations of the cyclotron 
community to three American Physi
cal Society prizewinners: Henry 
Blosser and Bob Pollock, for the 
1992 Bonner Prize, awarded for 
design and construction of supercon
ducting cyclotrons and a cyclotron-
injected light-ion cooler respectively; 
and Reg Richardson of UCLA and 
TRIUMF for the 1991 Wilson Prize, 
for demonstrating phase focusing, 
the first synchrocyclotron and the first 
sector-focused cyclotron. 

Craddock pointed out this research 
has revealed two classes of accel
erators, 'proper' and 'improper'. The 
former are of course cyclotrons, with 
the perfect rotational periodic sym
metry of their sector structure. 

Improper synchrotrons have frequent 
deviations from symmetry due to 
straight sections of unequal length. 

The TRIUMF group put together an 
interesting and smooth-running 
conference, with Mike Craddock 
chairing the international and local 
organizing committees and Gerardo 
Dutto the scientific program commit
tee. Details can be found in the 179 
papers in the proceedings, published 
by World Scientific in December. The 
community looks forward to the next 
Conference, in 1995, to be hosted by 
NAC, in Cape Town, South Africa. 

David J. Clark, Lawrence Berkeley 
Laboratory 

Heavy ion fusion 

With controlled thermonuclear fusion 
holding out the possibility of a prolific 
and clean new source of energy, the 
goal remains elusive after many 
years of continual effort. While the 
conventional Tokamak route with 
magnetic confinement continues to 
hit the headlines, other alternatives 
are now becoming competitive. 

One possible solution is to confine 
the thermonuclear fuel pellet by high 
power beams. Current research and 
perspectives for future work in such 
inertial confinement was the subject 
of the 'Prospects for Heavy Ion 
Fusion' European Research Confer
ence held in Aghia Pelaghia, Crete, 
last year. Its main focus was on the 
potential of heavy ion accelerators as 
well as recent advances in target 
physics with high power lasers and 
light ion beams. 

Carlo Rubbia declared that high 
energy accelerators, with their high 

efficiency, are the most promising 
approach to economical fusion 
energy production. However the 
need for cost saving in the driver 
accelerator requires new ideas in 
target design tailored to the particu
larities of heavy ion beams, which 
need to be pushed to the limits of 
high current ançj phase space density 
at the same time. 

Dieter Môhl (CERN), describing 
performance achieved with CERN 
accelerators, showed that individual 
parameters have been close enough 
to what is needed for fusion, but no 
machine has pushed all parameters 
simultaneously to their limits, which is 
the real challenge. 

According to Ingo Hofmann (GSI, 
Darmstadt) the SIS heavy ion syn
chrotron and adjacent ESR cooling 
storage ring have just opened a new 
chapter in heavy ion fusion. These 
machines provide unique possibilities 
for machine studies for reactor 
drivers as well as target work with the 
first dense plasmas to be produced 
by heavy ions. 

Problems of a full (five kilometre) 
reactor driver linac are under control, 
according to Horst Klein from Frank
furt, provided that target designers 
are not going to push the normalized 
emittance further down. 

Parallel to the European efforts with 
radiofrequency linac and storage ring 
technology, the technologically 
innovative induction accelerator 
approach is pursued by Lawrence 
Berkeley Laboratory (presented by 
Tom Fessenden)They are awaiting 
funding of their next $60M ILSE 
project. 

Conversion of beam energy into 
soft X-rays ('indirect drive') seems to 
be the magic key now for target 
physicists. The X-rays are confined in 
a radiation case ('hohlraum') with the 
actual fusion pellet at its centre. Due 
to multiple reflections the X-rays 

24 CERN Courier, January/February 1993 



At the 'Prospects for Heavy Ion Fusion' 
European Research Conference held in Crete 
last year, laser physicist Richard Sigel of 
Munich's Max Planck Institute for Quantum 
Optics demonstrates the principle of indirectly 

driven 'hohlraum' (radiation enclosure) targets 
by a simple optical analogue - the radiation 
near a lamp, measured by a photocell, 
increases dramatically inside a highly 
reflecting cavity. 

'forget' the spatial nonuniformity of 
primary heavy ion or laser beams, 
and a spherically symmetric com
pression of the pellet becomes 
possible. 

The physics of radiative hydrody
namics under conditions normally 
present in stellar matter is now a 
great challenge for theorists develop
ing simulation programs, evidenced 
by Jurgen Meyer-ter-Vehn (Munich), 
Stefano Atzeni (Frascati) and Mihail 
Basko (Moscow). 

The biggest obstacle having to wait 
for declassification of US work in 
inertial fusion, but this could be 
relativity imminent. The relative 
openness of presentations by leading 
physicists from classified laser 
laboratories (Livermore, Sandia and 
Rochester in the US and Limeil in 
France) was surprising and welcome. 

Milestones were reported by C. 
Yamanaka from Osaka, home of the 
only unclassified dedicated inertial 
fusion programme. They have 
achieved 600 times compression of 
solid matter (producing 10 1 3 neu

trons), near to what is required for 
fusion. 

According to Erik Storm from 
Livermore an upgrade of their exist
ing NOVA laser facility could achieve 
ignition (by indirect drive) with fusion 
gain exceeding 10 by around the 
year 2000, provided the required 
$400M were made available in time. 
Inertial fusion with lasers is now as 
close to reaching ignition as mag
netic fusion. 

More good news came from 
D. Cook, Sandia Laboratories (New 
Mexico), who reported on recent 
success with the PBFA II pulsed 
power facility shooting about 50 
kilojoules of 9 MeV lithium on hydro
carbon foam obtaining conversion 
into X-rays. The need for reducing 
beam divergence is a major issue for 
future development. 

With European collaboration in 
magnetic confinement well estab
lished, and with a strong inter
regional collaboration in magnetic 
fusion heading towards ITER as a 
next step, collaboration in inertial 

fusion does not yet exist on any 
international scale. 'Should there be 
a European programme on inertial 
fusion?' asked a panel discussion 
chaired by Rudolf Bock (GSI). There 
was a consensus that lasers to 
demonstrate ignition and heavy ions 
to make an efficient driver are in the 
same boat - yet there was no doubt 
that coming together doesn't neces
sarily increase the funds. Who would 
lead such a programme in Europe? 
What is the cost of a dedicated heavy 
ion accelerator facility to study target 
physics close to fusion parameters? 

The meeting was in the spirit of 
traditional US Gordon conferences 
with no proceedings, tutorial introduc
tions encouraged before each talk 
and enough time for discussion. 
About 70 people attended, with a 
good number of younger people 
bringing in new blood. The chairman 
was J. Meyer-ter-Vehn, Max-Planck-
Institute for Quantum Optics, Munich, 
and the meeting was sponsored by 
the European Science Foundation in 
association with the European 
Physical Society. 

A tribute was made to strong 
focusing pioneer Nick Christophilos 
in whose home country the confer
ence took place. Strong focusing and 
later on construction of the Astron 
(electron) induction accelerator have 
both been fruits of his inventive mind. 

From Ingo Hofmann 
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TRIESTE 
Feet on the ground 
Established in 1964 by Abdus Salam, 
the International Centre for Theoreti
cal Physics (ICTP), in Trieste, Italy, 
has naturally become one of the 
world's leading centres of particle 
physics theory. Attracting distin
guished senior visitors from all over 
the world and with a full programme 
of regular symposia and workshops, 
it provides a valuable stepping stone 
to frontier research for young re
searchers, particularly those from 
the developing countries, who would 
otherwise find it tough to make 
headway in this competitive field. 

Initial ICTP research interests 
concentrated on particle physics 
and plasma physics, but as interest, 
support and infrastructure steadily 
expanded, these interests widened 
to give a truly interdisciplinary centre 
with active groups in fundamental 
physics, condensed matter physics, 
mathematics, plasma physics, 
superconductivity, aeronomy, micro
processors, climatology, and in laser, 
atomic and molecular physics. 

Originally set up under the auspices 
of UNESCO and the International 
Atomic Energy Agency, ICTP has 
in recent years been funded mainly 
by Italy. 1991 saw a hiatus in ICTP 
funding (December 1991, page 30). 
However the financial status of the 
Centre is now secure as the Italian 
government has approved support 
for the next eight years. With the 
International School for Advanced 
Studies a close neighbour and the 
university a short distance away, 
Trieste will surely remain an impor
tant research centre. 

In spite of having no major experi
mental physics activity on site, ICTP 
has always been at the forefront of 

The 1992 workshop on Recent Developments 
in the Phenomenology of Particle Physics, 
held in October at the International Centre for 
Theoretical Physics, Trieste, Italy, and locally 
organized by Faheem Hussain (left) and by 
Nello Paver (right, of Trieste University), 
covered all aspects of modern quantitative 
research. 

fundamental physics, be it the gen
esis of the Standard Model in the 
1960s, or supersymmetry in the 70s, 
to the more esoteric recent develop
ments. In the 1980s, when 
superstrings and other ambitious 
schemes for a grand picture of 
fundamental interactions were in 
vogue, it was natural and welcome 
for ICTP to concentrate its efforts in 
these fields. 

But times have changed. Like the 
downbeat world in which it lives, 
1990s physics has discarded, at 
least temporarily, many luxuries and 
frills to concentrate instead on 
basics. Spearheaded by the preci
sion measurements at CERN's 
LEP electron-positron collider, there 
is a resurgence of worldwide interest 
in numerical accuracy and the 
productive phenomenology which 
comes in its wake. With experiments 
increasingly encountering compli

cated analyses, there is ample 
room for phenomenologists to get 
aboard. 

To underline and encourage this 
shift in emphasis, in 1991 ICTP 
launched a workshop on phenom
enology, the idea being to bring 
together the results and implications 
of modern precision measurements 
and encourage participation in this 
new style of 1990s research. 

The 1992 workshop, held in Octo
ber in collaboration with the Italian 
INFN and locally organized by 
Faheem Hussain and by Nello Paver 
(of Trieste University), provided an 
impressive scientific programme 
covering all aspects of modern 
quantitative research. Young re
searchers emerged with a well-
rounded picture of frontier phenom
enology and collected many useful 
indications of where contributions are 
welcome. 
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Around the Laboratories 

The programme covered neutrino 
physics, LEP results and their impli
cations as tests of the Standard 
Model and indications of any physics 
beyond, and heavy quark physics, 
particularly the 'effective theory' for 
calculations. With a formalism con
structed from general symmetry 
principles, this approach sets out to 
make calculations based on a series 
expansion in the reciprocal of the 
quark mass, so that the heavier the 
quark, the faster the expansion 
converges. 

While heavy quark effective theory 
brings no new physics, it greatly 
simplifies the description of heavy 
flavour reactions. It was singled out 
by Steve Weinberg in his summary 
at the major international meeting 
in Dallas last year (October 1992, 
page 1) as being particularly promis
ing. 

Highly relevant in this context was a 
measurement (presented by Giorgio 
Romano) from the WA75 emulsion 
experiment at CERN of the purely 
leptonic branching ratio of mesons 
carrying both charm and strange 
quantum numbers (D s). 

FERMILAB 
Tevatron upgrade 
The Fermilab accelerator complex is 
in the middle of a major upgrade to 
increase the luminosity beyond the 
original design goal. During Phase I 
of this upgrade, there have been 
major modifications to the Tevatron. 
These modifications were commis
sioned at the start of the latest 
collider run and include the installa
tion of electrostatic separators to 
separate the orbits of the stored 
beams and new low beta insertions 
to squeeze the colliding proton and 
antiproton beams at both experiment 
interaction regions. 

These modifications have already 
enabled the Tevatron to achieve a 
record peak luminosity of 6.93 x 10 3 0 

per sq cm per s and a record weekly 
integrated luminosity of 10 6 0 inverse 
nanobarns. The peak goal for the 
present run of 5.0 x 10 3 0 has already 
been exceeded. 

In the 1989 collider run the record 
luminosity was 2.07 x 10 3 0 . The 
Tevatron was operated with six 
bunches colliding head-on in all 
locations (twelve collision points). 
One of the luminosity limiting factors 
was a maximum sustainable tune 
shift of .025 due to the beam-beam 
interaction. A similar value has also 
been achieved at CERN with a 
different working point in the tune 
diagram and with different bunch 
parameters. In addition to a tune 
shift, the beam-beam interaction 
causes a tune spread across the 
beam and enhances the strength of 
various destructive non-linear 
resonances. In the Tevatron, 
resonances up to 12th order must be 
avoided. An orbit separation scheme 
was developed to eliminate the 
unnecessary collision points (there 

are only two experiments) as well as 
total separation during injection, 
acceleration and low beta squeeze. 
The beams are brought into collision 
at only two points when low beta is 
reached. 

In contrast with LEP at CERN and 
Cornell's CESR ring (both electron-
positron coll ides), the Tevatron uses 
separators in both the horizontal and 
vertical planes to produce a helical 
orbit. A helical orbit is accomplished 
by creating a betatron oscillation in 
the horizontal and vertical plane such 
that the phase between the two 
oscillations is rW2 where n is an odd 
integer. Helical orbits were chosen to 
keep the beams separated every
where in the ring so that when the 
position of the bunches was cogged 
from the injection location to the 
collision location the beams remain 
separated. 

The design goals were a minimum 
separation of 5 sigma and a maxi
mum separation of 15 mm between 
beam centres. This goal has been 
met. Operation has used separators 
as small as 3 sigma with no prob
lems. The separators have been very 
reliable. There has been only one 
separator spark during operations to 
date (1000 hours). The observed 
spark did not appreciably affect the 
store in progress. 

During injection, acceleration and 
the low beta squeeze separation is 
achieved using the horizontal separa
tors at B17 and vertical separators at 
C17. During the injection process the 
horizontal separator at B11 is used to 
adjust the phase of the helix through 
the injection Lambertson. Finally, the 
beams are brought into collision at 
B0 and DO and kept apart every
where else with local electrostatic 
three bumps in each plane. One pair 
of bumps creates a helical orbit from 
B11 to C49. The other pair of bumps 
keeps the beam apart from D11 to 
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Location of electrostatic separators at 
Fermilab's Tevatron proton-antiproton collider. 

A49. This results in 6.5 betatron 
oscillations in the third of the ring 
between BO and DO and 13 betatron 
oscillations in the remaining two-
thirds of the ring. Since the number 
of betatron oscillations in these 
bumps is only approximately integer 
or half-integer, the local bumps 
require 3 elements. The location of 
the middle element of the 3- bumps 
in the vertical plane is C17, A17, and 
B17, F17 in the horizontal plane. 

Since the protons and antiprotons 
are traveling on different orbits they 
experience different nonlinear fields 
and therefore have different tunes, 
coupling, and chromaticities. These 
differential effects were measured 
and it was found that the produced 
differential tune and coupling could 

be explained by persistent currents in 
the main bending dipoles (B2) and 
the chromaticity sextupoles. How
ever, no differential chromatic effects 
were observed. 

A correction scheme was designed 
to correct these differential effects 
using existing sextupoles in the 
secondary correction spool packages 
in the Tevatron. The idea is to create 
three circuits, two for adjusting the 
tunes and one to correct coupling. 
The correction scheme consists of 
46 sextupoles distributed around 
the ring, 16 normal sextupoles and 
30 skew sextupoles. The tune adjust
ing sextupoles are connected in pairs 
such that their chromatic effects 
cancel. The three correction circuits 
are configured by controls software. 

It is necessary to reconfigure the 
23 hardware circuits into three 
software circuits whenever the lattice 
changes; i.e. at each step in the 
squeeze. The system (46 sextupoles) 
has more than enough strength to 
correct any differential effect. In fact 
the system was designed to also 
compensate fo* the beam-beam tune 
shift created by the head on colli
sions at BO and DO. It was designed 
to compensate beam-beam tune 
shifts up to 0.020. However, it is not 
known if such strong sextupole fields 
will cause problems related to dy
namic aperture effects. Part of the 
system has been tested and shown 
that a field strength can be achieved 
which allows correction of beam-
beam tune shifts of 0.010. The partial 
system is currently being used to 
control the antiproton tunes at ener
gies up to 500 GeV. 

The construction of a colliding 
beam facility at the DO long straight 
section section of the Tevatron, 
coupled with the presence of the 
CDF detector at the B0 straight 
section, has produced the need for a 
low beta insertion that unlike the old 
system, permits the simultaneous 
and essentially independent opera
tion of more than one interaction 
region. The new low beta insertion 
enables simultaneous operation 
of a multiple of such systems by 
matching each insertion to the arcs 
of the machine in betatron and 
momentum space. Matched inser
tions in collider mode are independ
ent except for the need to maintain 
a constant tune with distributed tune 
correction quadrupoles in the rest 
of the accelerator. The addition of 
each low beta insertion to the accel
erator lattice raises the tune of 
the accelerator approximately a half 
unit unless compensated. The 
operating point of the collider has 
vertical and horizontal tunes with 
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Aimed at senior postgraduates, research fellows and senior staff 
looking to change fields. Lecturers include: -

I. J. R. Aitchison (Oxford), S. Bethke (Heidelberg) 
A. Blondel (Ecole Polytechnique), P. Jenni (CERN), 

E. Kolb (FermiLab), R. D. Peccei (UCLA), 
W. J. Stirling (Durham) and G. Wolf (DESY). 

Deadline for applications: March 31, 1993. 

Fees including full board accommodation: £725 UK. 

Some financial assistance may be available to participants. 

Further details from School Secretary: 
A Walker, Room 4409, Department of Physics, 

The University of Edinburgh, Edinburgh EH9 3JZ, Scotland. 
Tel: +44-31-650-5237 Fax: +44-31-662-4712 
Telex: 727442 (UNIVED G) Email: SUSSP93@ed.ac.uk 

A N A T O A d v a n c e d S t u d y I n s t i t u t e 

• M I T • 

ASSISTANT/ASSOCIATE DIRECTOR 
Laboratory for Nuclear Science 

The responsibilities of this position include the following: broad, 
comprehensive responsibility for independently directing all 
administrative functions of the organization; assisting the Director 
and senior research management in implementing the goals of the 
Laboratory, which supports a large program in High-Energy and 
Nuclear Physics with $30M annual research volume; on behalf of 
the Director acting as key administrative liaison both inside and 
outside MIT; assisting in the development of long-range plans for 
research and staffing levels; analyzing fiscal status of the 
Laboratory, assisting faculty and staff in developing grant or con
tract proposals and in meeting reporting requirements; providing 
interface and promoting effective relationships with sponsors, 
MIT administration, affiliated organizations, and national and 
international collaborative efforts; overseeing all administrative 
elements within the Laboratory, including budgets, purchasing, 
personnel, public relations and other outreach programs, and 
resource allocation; and initiating and coordinating the prepara
tion of special reports such as reports to sponsors, five-year plans, 
reports to the president, and public relations documents. 

Requirements: an advanced degree in a science-related field or 
equivalent combination of education and experience, and sig
nificant experience in research administration highly desirable. 
Familiarity with a scientific research environment is necessary, 
as is the proven ability to interact effectively with sponsors and 
other offices in an MIT-like administrative environment. 

Interested candidates should send two copies of both cover letter 
and resume referencing Job No. R92-199 to: Mr . Kenneth 
Hewitt, M I T Personnel Office, Bldg. E19-239,77 Mass. 
Avenue, Cambridge, MA 02139-4307. 

MIT is an Equal Opportunity/Affirmative Action Employer 
M I T is a non-smoking environment 

Massachusetts 
Institute of Technology 

Super Collider Laboratory 
Experimental Particle Physics 

The Physics Research Division of the Superconducting Super Collider 
offers positions in Experimental Particle Physics at levels ranging from 
Research Associate to Senior Scientist. Salary, term of appointment and 
level are commensurate with experience. 

The SSC Laboratory supports research in particle physics at the SSC 
accelerator complex presently under construction. Physicists at the SSC 
Laboratory will play a key role in its experimental program, consisting 
of two major and several smaller experiments. The two larger detector 
projects, SDC and GEM, are presently in the detailed design and 
prototyping phase, with construction expected to begin in 1993. The 
smaller experiments are still the early phases of study and design. 

Two research groups associated with each of the large experiments have 
formed and are looking for physicists with interest and experience in 
high energy physics, detector design, fabrication and operation, including 
electronics, data acquisition and software development. There are also 
opportunities to pursue detector R&D, to work as a liaison between the 
accelerator and experiments or on the design and operation of test beams. 

During the next few years, scientists at the SSC Laboratory may be given 
the opportunity to participate on a part-time basis in external research 
activities. At present SSC physicists are collaborating on the CDF and 
DO experiments at the Fermilab Tevatron Collider. 

All applications including a statement of interest, curriculum 
vitae and three letters of reference, should be sent by March 1, 
1993 to: 

Dr. Vera Liith 
Scientific Appointments, MS 1999 

SSC Laboratory 
2550 Beckleymeade Ave. 

Dallas, TX 75237-1997  

The SSC Laboratory is an Equal Opportunity/Affirmative Action Employer and 
specifically invites and encourages applications from women and minorities. 
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two collision regions of 20.576 and 
20.585 respectively. 

The insertions at both experimental 
regions are to be optically identical. 
The original low beta region at BO 
was unmatched and produced a 
large beta and dispersion wave in the 
rest of the accelerator and was 
replaced. Each insertion is composed 
of 18 quadrupoles that are physically 
located symmetrically around the 
straight section region and in the 
arcs. The magnetic gradients are 
antisymmetric relative to the centre. 
A field free region, 15.24 m long, is 
available for each detector between 
the final quadrupoles. The lattice 
design is a relatively conventional 
one; the low gradient quadrupoles 
are used to provide the matching 
into the arcs, the high gradient ones 
provide the strong focussing close 
to the interaction point to give the 
small beam size. Nine independent 
circuits are used to vary the insertion 
optics. The inclusion of an extra 
circuit beyond the minimum of eight 
results in a reduction of the maximum 
values of both the dispersion and 
the beta functions in the arcs. The 
beta* at injection is 170 cm. Currently 
the beta* at the end of the squeeze 
is 50cm. The magnets are capable of 
going to 25cm. 

Both the separators and the low 
beta insertions were commissioned 
at the beginning the current collider 
run which started last May. Both 
systems have performed reliably. 

Further upgrades to the Fermilab 
accelerator complex include upgrad
ing the linac to 400 MeV from 
200MeV, improvements to the 
antiproton source, and construction 
of the Main Injector which will replace 
the Main Ring. These improvements 
are expected to yield another factor 
of ten improvement in the luminosity 
which can be delivered by the 
Tevatron collider. 

Magnetic precession 
in bent crystals 

At Fermilab physicists have observed 
the magnetic swing (precession) of a 
fundamental particle 'channeled' in a 
bent crystal. In channeling electrically 
charged particles are gently steered 
by the planes of a perfect crystal, and 
a bent crystals can be used instead 
of magnets to deflect particle beams, 
for instance to extract them from an 
accelerator orbit. This latest experi
ment now shows another magnetic 
effect of a bent crystal - two 45 mm 
silicon crystals bowed through a 
tenth of a degree rotated particle 
axes through sixty degrees. 

Many fundamental particles have 
magnetic moments associated with 
their intrinsic angular momentum 
(spin). For a stable particle such as 
the proton, this magnetic moment is 
measured using resonance tech
niques - with the tiny individual 
magnets lined up in a magnetic field, 
a supplementary modulating field can 
flip them over. Using protons, this is 
an important element in magnetic 
resonance imaging, now widely used 
for medical scanning. 

However such traditional resonance 
techniques are not suitable for highly 
unstable particles such as sigma 
hyperons. If a hyperon is produced 
with its spin pointing in a particular 
direction, a magnetic field applied 
along a different direction will make 
that spin wobble (precess). This 
precession is seen in the resulting 
decay distribution, making it possible 
to measure the magnetic moment of 
the hyperon. 

Due to the laws of electromagnet-
ism, a particle moving fast through 
the internal electric field of a crystal 
'sees' a strong magnetic field. Al
though the experiment at Fermilab 
gives a relatively coarse magnetic 

moment measurement, it opens up 
the possibility of magnetic moment 
measurements of charm and beauty 
baryons, with lifetimes a thousand 
times shorter than those of the 
hyperons. Knowledge of these 
magnetic moments would give 
valuable information about the charm 
and bottom quarks. 

The experimental collaboration was 
drawn from institutions in four conti
nents: four in Brazil, two from Russia 
and one from the UK, a team from 
China, and six groups in North 
America. The original idea for spin 
precession in a curved channeling 
crystal was suggested independently 
by V.G. Baryshevskii in Byelorussia 
and Lee Pondrom of Wisconsin. 
Vladimir Samsonov of the Institute of 
Nuclear Physics in St. Petersburg 
proposed the idea of carrying out the 
measurement at Fermilab. 

CERN/KEK 
Very high accelerating 
gradients 

A world-wide effort is under way to 
develop linear electron-positron 
colliders so that physics experiments 
can be extended into a range of 
energies where circular machines 
(necessarily much larger than 
CERN's 27-kilometre LEP machine) 
would be crippled by synchrotron 
radiation. 

CERN is studying the feasibility of 
building a 2 TeV machine called 
CLIC powered not by individual 
klystrons, but by a high intensity 
electron 'drive' linac running parallel 
to the main linac (November 1990, 
page 7). This drive linac will itself be 
powered by similar superconducting 
cavities to those developed for LEP. 
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16 Circle advertisement number on reader service form 

Massachusetts Inst i tute 
of Technology 

Theoretical Nuclear Physics 

Applications are invited for a junior faculty appointment 
in theoretical physics to work in the broadly defined area 
of hadronic physics and QCD. Candidates will be 
evaluated on the basis of potential contribution to both 
the undergraduate and graduate teaching programs of 
the Department of Physics, and to the research programs 
carried out in the Center for Theoretical Physics. The 
Center maintains a broad research effort at the interface 
of nuclear and particle physics and is participating in a 
major initiative to build a teraflops computer dedicated 
to QCD which, if successful, will offer outstanding 
opportunities to apply lattice gauge theory to hadronic 
physics and QCD. The Department of Physics supports 
large experimental research programs in hadronic struc
ture and relativistic heavy ion physics. Women and 
under-represented minority candidates are particularly 
encouraged to apply. For exceptional candidates, a 
senior appointment may be considered. Please send 
resumes and three letters of reference to Professor 
Kenneth Johnson, Department of Physics, 6-315, 
M I T , Cambridge, M A , 02139, USA. MIT is an Affir
mative Action/Equal Opportunity Employer. 

ATOMIC PHYSICIST 
Lawrence Berkeley Laboratory (LBL) has an outstanding 
opportunity available for an experienced Atomic Physicist. 

Working in collaboration with scientists from LBL and other 
institutions, the qualified candidate will develop, build and 
operate experiments to measure electron capture from pair 
production using relativistic heavy ion accelerators such as 
the Brookhaven AGS and RHIC. Will be responsible for the 
day-to-day progress of the research, including coordination 
of design, fabrication, assembly, installation and testing. Will 
participate in preparing proposals, operating the experiment, 
collecting and analyzing data, preparing journal articles and 
reports, making presentations and any duties incidental to 
the above responsibilities. Where possible, will collaborate 
with theorists to help develop a theoretical understanding of 
the phenomena being measured. 

Applicants must have experience in measuring electron 
capture from pair production. Expertise in relativistic atomic 
collisions, as demonstrated by, among other things, publica
tions in refereed journals, and demonstrated experience in 
completing atomic physics experiments with heavy ions at 
relativistic energies required. Expert knowledge of atomic 
collision processes involving atomic charge changing colli
sions of heavy ions, capture from pair production and 
resonant processes also required. Ph.D. in Atomic Physics or 
equivalent preferred. 

Please send your resume and salary history to: Lawrence 
Berkeley Laboratory, Staffing Office, Job# G/7378, One 
Cyclotron Road, MS 90/1042, Berkeley, CA 94720. An 
equal opportunity employer. 

LB LAWRENCE BERKELEY LABORATORY 
UNIVERSITY O F CALIFORNIA 
U.S. Department of Energy 

Carleton 
U N I V E R S I T Y 

Research Associates in 
Experimental Particle Physics 

The Centre for Research in Particle Physics (CRPP) and the 
Department of Physics at Carleton University invite applications 
for several Research Associate positions with the OPAL and 
SDC groups from candidates who have received their Ph.D. 
degrees in physics preferably within the last three years. 
OPAL is a multi-purpose detector at the LEP electron-positron 
collider at CERN. Our responsibilities in OPAL include operating 
the vertex drift chamber and a cylindrical barrel of 
z-measurement drift chambers, components of the central track 
detector system. We are also involved in software development 
and physics analysis topics. The SDC (Solenoid Detector 
Collaboration) is one of two large experiments being built to 
operate at the SSC (Superconducting Super Collider). Our 
groups are involved in the development of the new technology 
of Gas Microstrip detectors for use in the intermediate tracking 
detector of the SDC experiment. 
Please send resume and the names and addresses of 3 
references by March 30, 1993 to: 
M. McGregor 
Centre for Research in Particle Physics ^ mm 
Carleton University ? 
1125 Colonel By Drive \ 
Ottawa, Ontario, Canada K1S 5B6 
Fax:613-788-7546 ***** 

In accordance with Canadian immigration requirements, this advertisement is directed 
to Canadian citizens and permanent residents. Carleton University is committed to 
equality of employment for women, aboriginal peoples, visible minorities and disabled 
persons. Interested persons from these groups are encouraged to apply. 
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This short (20-cell) accelerating section 
developed by CERN's linear collider study 
group produced accelerating fields in excess 
of those required for CERN's CLIC linear 
electron-positron collider scheme when tested 
at the Japanese KEK Laboratory. 
(Photo CERNAC38.4.1992) 

A high gradient is an obvious 
design aim for any future high energy 
linear collider because it makes it 
shorter and therefore cheaper - the 
design figure for the CLIC machine is 
80 MV/m. 

The CLIC study group has taken a 
significant step forward in demon
strating the technical feasibility of 
their machine by achieving peak and 
average accelerating gradients of 
137 MV/m and 84 MV/m respectively 
in a short section of accelerating 
structure during high gradient tests at 
the Japanese KEK Laboratory last 
year. 

This result obtained within the 
framework of a CERN/KEK collabo
ration on linear colliders was ob
tained using a 20-cell accelerating 
section built at CERN using state-of-
the-art technology which served both 
as a model for CLIC studies as well 
as a prototype for the Japanese 
Linear Collider studies. 

The operating frequency of the 
model accelerating section is 2.6 
times lower than the CLIC frequency 
but was chosen because a high 

power r.f. source and pulse compres
sion scheme has been developed for 
this frequency at KEK. Testing CLIC 
models at 11.4 GHz is however more 
stringent than at 30 GHz because the 
chance of electrical breakdown in
creases as the frequency is lowered. 
This recent result clearly demon
strates that a gradient of 80 MV/m 
is feasible. 

CERN 
Accelerator school 
Jyvaskyla, a university town in 
central Finland, was the setting for 
last year's General Accelerator 
School organized by the CERN 
Accelerator School. Well over a 
hundred students - more than for 
some time - followed two weeks of 
lectures on a broad spectrum of 
accelerator topics, the first step en 
route to becoming the designers, 
builders and operators of the surpris
ingly large number of, accelerators of 
all kinds either built or planned 
throughout Europe and further afield. 

This was the fifth such school 
organized by CAS in a biennial cycle 
which alternates this introductory 
level with more advanced tuition. The 
next, advanced, school will be from 
20 October - 1 November, hosted by 

Albert Hofmann of CERN and CERN Accelera
tor School Secretary Suzanne von Wartburg at 
the recent CAS General Accelerator School in 
Jyvaskyla, Finland. How to get out of the 
capsized kayak position was not part of the 
formal curriculum but nevertheless was 
extensively studied. 
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Athens University on the Greek 
Island of Rhodes. (Application details 
will become available in Spring but 
would-be participants should already 
reserve the dates.) 

After Finland, the CAS caravan 
moved to Benalmadena near Malaga 
in Spain where, together with Seville 
University, they organized one of the 
joint US-CERN schools held every 
two years and focusing on frontier 
accelerator topics. This time the 
subject was electron-positron facto
ries - machines for high luminosity 
experiments in phi, tau-charm, 
beauty and Z physics. Experts from 
both sides of the Atlantic and from 
Japan shared their knowledge with 
an equally representative audience 
and probed the many intensity-
related phenomena which must be 
mastered to reach design perform
ance. 

A number of these topics will 
receive extended coverage in the 
next specialist CAS School which 
is a repeat - by public demand -
of the highly successful radio-
frequency course held in Oxford in 
1991. This school will be in Capri, 
Italy, with the support of the 
University of Naples from 29 April to 
5 May. Details and application forms 
are now available by e-mail 
(CASRF@CERNVM.CERN.CH), 
by fax (+41 22 7824836) or from 
Suzanne von Wartburg, CERN 
Accelerator School, 1211 Geneva 23, 
Switzerland. 

At the recent Brookhaven workshop on the 
Stability of Particle Motion in Storage Rings -
left to right, Alex Chao (SSC), Alex Dragt 
(Maryland), and workshop chairman 
Alessandro Ruggiero of Brookhaven. 

WORKSHOP 
Stable particle motion 
Particle beam stability is crucial to 
any accelerator or collider, particu
larly big ones, such as Brookhaven's 
RHIC heavy ion collider and the 
larger SSC and LHC proton collider 
schemes. A workshop on the Stability 
of Particle Motion in Storage Rings 
held at Brookhaven in October dealt 
with the important issue of determin
ing the short- and long-term stability 
of single particle motion in hadron 
storage rings and colliders, and 
explored new methods for ensuring 
it. 

In the quest for realistic environ
ments, the imperfections of super
conducting magnets and the effects 
of field modulation and noise were 
taken into account. 

The workshop was divided into 
three study groups: Short-Term 
Stability in storage rings, including 
chromatic and geometric effects and 

correction strategies; Long-Term 
Stability, including modulation and 
random noise effects and slow-
varying effects; and Methods for 
determining the stability of particle 
motion. The first two were run in 
parallel, but the third was attended by 
everyone. 

Each group considered analytical, 
computational and experimental 
methods, reviewing work done so far, 
comparing results and approaches 
and underlining outstanding issues. 
By resolving conflicts, it was possible 
to identify problems of common 
interest. 

The workshop reaffirmed the 
validity of methods proposed several 
years ago. Major breakthroughs have 
been in the rapid improvement of 
computer capacity and speed, in the 
development of more sophisticated 
mathematical packages, and in the 
introduction of more powerful analytic 
approaches. 

In a typical storage ring, a particle 
may be required to circulate for about 
a billion revolutions. While ten years 
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Experimental High Energy 
Physics 

Massachusetts Institute of Technology 

T h e Depar tment of Physics has a long-s tanding and sub

stantial commi tmen t to exper imenta l h igh energy physics 

and invites applications for a j un io r faculty posi t ion. T h e 

current faculty are engaged in major p rograms at both 

lepton (LEP, SLC, B E P S ) and hadron (Tevatron, A G S ) 

accelerators and are prepar ing for the next generat ion 

facilities L H C and SSC. At this t ime, our preference is for 

candidates whose research interests over lap those of the L 3 

exper imenta l p rogram at L E P a l though candidates of out

standing accompl i shment will be considered in other areas. 

T h e M.I .T. group has a leadership role in the L 3 p rog ram 

and thus is posi t ioned to part icipate fully in the n e w science 

opened up by the L E P upgrade to 200 GeV. T h e candidate 

is expected to initiate a research p rogram, supervise gradu

ate students, and part icipate in the department 's under

graduate instructional p rogram. For except ional candi

dates , senior faculty appoin tment m a y be considered. Can

didates are asked to send a curriculum vitae and to have 

three letters of reference sent directly to the cha i rman of the 

search commit tee , Professor Stanley Kowalski , Depar t 

men t of Physics 26-427 , Massachuse t t s Institute of Tech

nology, Cambr idge , M A 02139-4307 , U S A . Appl ica t ions 

from w o m e n and underrepresented minori ty candidates are 

part icularly encouraged. M I T is a non-smoking environ

ment . 

PHYSIKALISCHES INSTITUT 
DER UNIVERSITÀT BONN 

Am Physikalischen Institut der Universitât Bonn 
ist ab 1.4.1993 die neugeschaffene 

Leitungsstellefurden Elektro-und Elektronik-
bereich 

zu besetzen. Die Vergùtung erfolgt bis BAT la. Die Probezeit betrâgt 
1/2 Jahr. 
Das Physikalische Institut treibt mit seinen experimentellen Gruppen 
Forschung in der hochenergetischen und mittelenergetischen 
TeilchenphysikundbetreibtdezueineElektronen-beschleunigeranlage. 
Weitere Aktivitâten bestehen in der Forschung mit Synchrotronlicht 
sowie in der Erforschung der Planetenatmospharen. Der Elektro- und 
Elektronikbereich (E-Bereich) unterstutzt diese wissenschaftlichen 
Forschungsarbeiten durch Entwicklung, Fertigung und Service 
elektronischer Komponenten und Gerâte. Das Institut môchte die 
Infrastrukturseines E-Bereichs im Rahmen derverfugbaren Ressourcen 
verbessern und neue Richtungen in der Entwicklung elektronischer 
Komponenten und Bauelemente fur die Expérimente aufnehmen. 
Fur diese Aufgaben wird ein Leiter (eine Leiterin) des E-Bereichs 
gesucht mit Hochschulabschluss in einem einschlâgigen 
Ingenieursstudium oder in Physik, der hohe Anforderungen an 
Organisationstalent und Fùhrungsqualitâten erfùllt. Neben den 
selbstverstândlich vorausgesetzten f undierten Kenntnissen in analoger 
und digitaler Elektronik fur physikalische Expérimente, bevorzugt der 
Teilchenphysik, und das Interesse an neuen Entwicklungen in der 
VLSI-Elektronik sowie an der Zusammenarbeit mit Diplomanden und 
Doktoranden erwunscht. 

Bei gleicher Eignung werden Schwerbehinderte bevorzugt 
berucksichtigt. 
Auskunft iiber die Stelle geben gerne Prof. B. Schoch (0228 732344) 
und Prof. N.Wermes (0228 733533). Bewerbungen werden bis28.02.93 
erbeten an den Geschâftsfùhrenden Direktor des Physikalischen 
Instituts, Nussallee 12, D-W-5300 Bonn 1, Fax 0228 737 869, oder an 
die Personalabteilung 3.1 der Universitât Bonn, Postfach 2220, 
D-W-5300 Bonn 1. 

Accelerator Physicist 
Electromagnetic Physicist/Engineer 

TEXAS ACCELERATOR CENTER (TAC) invites applications for staff scientist positions in programs of 
accelerator development and related technologies. TAC is a research center within the Houston Advanced 
Research Center (HARC). Current research projects include 13 Tesla dual dipole for hadron colliders, 4 Tesla 
whole-body MRI for medical imaging, compact special-purpose MR imagers, 19 Tesla MR spectroscopy for 
structural biology, ion source and rf quadrupole for ion beams, compact proton synchrotron for tumor therapy, 
and superconducting magnetic energy storage. 

Interested candidates for the Accelerator Physicist position should have a Ph.D. or equivalent in Physics and 
experience in theoretical or experimental accelerator physics. Activities may include superconducting magnet 
development, beam dynamics calculations, and proton accelerator systems. 

Electromagnetic Physicist/Engineer candidates should have a Ph.D. or equivalent in Physics or Electrical 
Engineering, programming experience in Fortran and other high level languages, experience in finite-element 
codes and integral methods for precise calculation of electromagnetic fields, magnetostatic calculations, rf and 
eddy current design computations. The successful candidate is expected to perform design calculations and 
develop new design methods for superconducting magnets and rf devices. 

Applicants should send a resume, publication list, and names of three professional references to: 
Dr. Peter Mclntyre 
Director, Texas Accelerator Center 
HARC (T-200) 
4800 Research Forest Drive 
The Woodlands, Texas 77381, USA HARC is an Equal Opportunity Employer 
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People and things 

Italian Under Secretary of State Valdo Spini 
(left), visiting CERN on 2 December, is shown 
a full-scale model of the LHC/LEP tunnel by 
Giorgio Brianti. 

ago it was only possible to predict 
accurately stability over about a 
thousand revolutions, it is now 
possible to predict over as many as 
one million turns. If this trend contin
ues, in ten years it could become 
feasible to predict particle stability 
over the entire storage period. About 
ninety participants from the USA and 
Europe attended the meeting. 

From Alessandro G. Ruggiero 

On people UK a wards 

Director General Carlo Rubbia (right) 
welcomes Swiss Federal Councillor Flavio 
Cotti to CERN on 4 December. 

Bikash Sinha, Director of the Variable 
Energy Cyclotron Centre, Calcutta, 
also becomes Director of Calcutta's 
Saha Institute of Nuclear Physics. 

Alexander Feschenko of the Institute 
for Nuclear Research of the Russian 
Academy of Sciences has recently 
received the Faraday Cup Award 
for his paper: Bunch Shape 
Measuring Technique and its 
Application for an Ion Linac Tuning. 
The award is given for an out
standing contribution to the deve
lopment of an innovative beam 
diagnostics instrument of proven 
workability. 

The Faraday Cup Award was 
refereed and presented by the 
committee members of the 1992 
Accelerator Instrumentation 
workshop that was held at Lawrence 
Berkeley Laboratories on October 
27-30. The prize was donated by 
Julien Bergoz of Bergoz Inc. 

This year the UK Institute of Physics 
Guthrie award, for a physicist of 
international reputation, goes to Ian 
Butterworth, while the Institute's 
Maxwell award, for contributions to 
theory, goes to Thomas Kibble. Both 
are at London's Imperial College. 

Butterworth, CERN Research 
Director from 1983-6, moved from 
a pivotal role in UK bubble chamber 
research to become Head of Depart
ment at Imperial before coming to 
CERN. In 1986 he became Principal 
of London's Queen Mary College. 
After a formal retirement he has 
moved back to research at Imperial. 

Kibble is honoured for his numer
ous contributions to theoretical 
physics, particularly in gauge theo
ries. Many of these contributions 
hinge on the subtle but pervasive 
symmetry breaking effect which has 
subsequently become known as 
the Higgs mechanism. He was 
Head of Department at Imperial from 
1983-91. 
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Xiaodong Zhang (left) of Stony Brook receives 
the first Gertrude S. Goldhaber Physics Prize 
at Brookhaven. The prize honours Gertrude 
Scharff-Goldhaber (second from right) noted 
nuclear physicist and long-time promoter of 
opportunities for women in science, seen here 
with her husband, former Brookhaven Director 
Maurice Goldhaber (right). The prize was 
presented by their son Alfred, also of Stony 
Brook. 

Ter-Martirosyan at 70 

On 5 October a special seminar at 
Moscow's Institute of Theoretical and 
Experimental Physics marked the 
70th birthday of theorist Karen 
Avetovich Ter-Martirosyan. A student 
of Yakov Frenkel and Lev Landau, 
his initial contributions came in the 
Coulomb excitation of nuclei. After 
pioneer work on the three nucléon 
system he went on to Regge theory 
and multiple hadron production. His 
students have also gone on to make 
their mark. 

Yakov Abramovitch Smorodinsky 
1917-1992 

Prominent theorist Yakov 
Smorodinsky died in Dubna on 16 
October. Working at Moscow's 
Kurchatov Institute and the Joint 
Institute of Nuclear Research, 
Dubna, his interests ranged widely, 
but his main contributions came from 

the application of ideas from algebra 
and geometry to nuclear and particle 
physics. His main passion was 
books, where he collected an ex
traordinary library and edited many 
Russian editions of Western physics 
works. 

US Particle Accelerator Conference 

The fifteenth biennial US Particle 
Accelerator Conference will convene 
at the Omni Shoreham Hotel in 
Washington, DC, May 17-20. Under 
a new arrangement, the conference 
is jointly sponsored by the Institute of 
Electrical and Electronics Engineers 
(IEEE) Nuclear and Plasma Sciences 
Society (NPSS) and the American 
Physical Society (APS) Division of 
Physics of Beams (DPS). The confer
ence serves as the annual meeting of 
APS/DPB. Conference chair is 
Christoph W. Leemann of CEBAF, 
program chair is Joseph J. 
Bisognano of CEBAF, program 
deputy chair is Helen Edwards of 

Karen Avetovich Ter-Martirosyan -
70th birthday 

Fermilab, and local arrangements 
chair is I.E. Campisi of CEBAF. A 
tour to CEBAF, about 200 km south 
of Washington, near Williamsburg, 
Virginia, is being organized for May 
21 for those interested. For further 
information contact Avril Quarrie, 
PAC93 Program Coordinator: 
CEBAF MS 12-A1, 12000 Jefferson 
Avenue, Newport News, Virginia 
23606-1909, USA, telephone/fax 
(804) 249-6377/5024; e-mail 
quarriea @ cebaf.gov. 

Yakov Abramovitch Smorodinsky 1917-1992 
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Bubble Chamber Conference 

A conference at CERN from 14-16 
July will mark the fortieth anniversary 
of the bubble chamber. Speakers will 
cover both the development of the 
technique and its numerous contri
butions to physics. Further informa
tion from Susannah Tracy at CERN, 
e-mail bubbles©cernvm.cern.ch 
Early application is advised as 
attendance will be limited to 300. 

1993 European School 
of High-Energy Physics 

The 1993 European School of of 
High-Energy Physics (formerly 
CERN-JINR School of Physics) will 
take place from 12-25 September 
near Zakopane, Poland. Topics 
covered will include Field Theory, 
Radiative Corrections, QCD, the 
Standard Model and Beyond, CP 
Violation, and Experimental Tech
niques; with additional lectures on 
HERA and LEP results. Further 
information from: Miss S.M. Tracy, 
CERN School of Physics, CERN -
DG-A, 1211 Geneva 23, Switzerland. 
E-mail tracy@cernvm.cern.ch Telex: 
419000 cerch Telephone: +41 22 
7672724 Telefax: +41 22 782 30 
11 Closing date for applications is 31 
March. 

Meetings 

Instrumentation specialists LeCroy 
are sponsoring their Third Annual 
Conference on Electronics for Future 
Colliders, to be held at their Chestnut 
Ridge, New York, headquarters on 
4-5 May. Further information from 
George Blanar, LeCroy Corp, 700 
Chestnut Ridge Rd, Chestnut Ridge, 
NY 10977-6499, tel (914) 578 6012, 
fax (914) 578 5984. 

CERN Gouncil 

At the December meeting of CERN 
Council, the Organization's governing 
body, Chairman Sir William Mitchell, 
after opening his report by congratu
lating Georges Charpak on his 1992 
Nobel Prize, explained adjustments 
for the future contributions of 
Germany to the Laboratory's budget. 

A letter from the German delega
tion, earlier considered by the Com
mittee of Council, had asked CERN 
Member States to take account of 
German's special reunification 
burden through a temporary reduc
tion of the German contribution to 
CERN's budget. 

A rebate of some 10% of Germa
ny's contribution to CERN's budget 

European Physical Society President Maurice 
Jacob (right) with S. Krupicka, Director of the 
Czechoslovak Academy of Sciences, at the 
recent EPS "Large Facilities" meeting at the 
newly amalgamated Institut Laue-Langevin 
(neutron beams) and European Synchrotron 
Radiation Facility complex at Grenoble. 

Laboratory 
correspondents 
Argonne National Laboratory, (USA) 

M. Derrick 

Brookhaven, National Laboratory, (USA) 
P. Yamin 

CEBAF Laboratory, (USA) 
S. Corneliussen 

Cornell University, (USA) 
D. G. Cassel 

DESY Laboratory, (Germany) 
P. Waloschek 

Fermi National Accelerator Laboratory, 
(USA) 

J. Cooper, J. Holt 

GSI Darmstadt, (Germany) 
G. Siegert 

INFN, (Italy) 
A. Pascolini 

IHEP, Beijing, (China) 
Qi Nading 

JINR Dubna, (USSR) 
B. Stare hen ko 

KEK National Laboratory, (Japan) 
S. Iwata 

Lawrence Berkeley Laboratory, (USA) 
B. Feinberg 

Los Alamos National Laboratory, (USA) 
C. Hoffman 

Novosibirsk, Institute, (USSR) 
V. Balakin 

Orsay Laboratory, (France) 
Anne-Marie Lutz 

PSI Laboratory, (Switzerland) 
R. Frosch 

Rutherford Appleton Laboratory, (UK) 
Jacky Hutchinson 

Saclay Laboratory, (France) 
Elisabeth Locci 

IHEP, Serpukhov, (USSR) 
Yu. Ryabov 

Stanford Linear Accelerator Center, (USA) 
M. Riordan 

Superconducting Super Collider, (USA) 
N. V. Baggett 

TRIUMF Laboratory, (Canada) 
M. K. Craddock 
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On 18 December, during the end-year meeting 
of CERN Council, Hungary's flag was hoisted 
at CERN by CERN Director-General Carlo 
Rubbia (left) and Erno Pungor, Minister 
President of the Hungarian National Council 
for Technological Development, watched by 
CERN Council President Sir William Mitchell 
(right). The country had become the Organiza
tion's 18th Member State on 1 July. 

will be granted for the three years 
1994-6, and the situation will be 
reassessed in 1995 with a view to 
possibly continuing the arrangement 
for another two years (1997-8) at the 
most. This limited duration arrange
ment calls for no formal modification 
of the ground rules in CERN's Con
vention. 

At the Council meeting, Christopher 
Llewellyn Smith of Oxford was 
appointed as CERN's next Director 
General, to succeed Carlo Rubbia. 
He will take office on 1 January 1994. 

Gunter Wolf of DESY was elected 
Chairman of CERN's Scientific Policy 
Committee (SPC) fora period of one 
year. New SPC members are M. 
Danilov of ITEP Moscow, Félicitas 
Pauss of ETH Zurich, Jean-Paul 
Repellin of IN2P3 Paris, David Saxon 
of Glasgow, and Gustav-Adolf Voss 
of DESY. Gunter Flugge of Aachen 
has become Chairman of EC FA, the 
European Committee for Future 
Accelerators. 

At CERN, John Ferguson becomes 
Leader'of Administrative Support 
(AS) Division and Jean-Pierre 
Gourber Leader of Accelerator 
Technology (AT) Division from 1 
January 1993. 

CERN Accelerator School 
Proceedings 

The following CERN Accelerator 
School Proceedings can be obtained 
free-of-charge from: CERN Accelera
tor School, SL Division, 1211 Geneva 
23, Switzerland. Fax: +44 22 782 
4836. 
"Antiprotons for colliding beam 
facilities", CERN 84-15 (December 
1984). 
"The generation of high fields for 
particle acceleration to very high 
energies", ECFA 85/91, CERN 85-
07, (June 1985). 
"General accelerator physics", CERN 
85-19 (2 vols.) (November 1985). 

"Advanced accelerator physics", 
CERN 87-03 (2 vols.) (April 1987). 
"Applied geodesy for particle accel
erators", CERN 87-01 (February 
1987). 
"Second general accelerator physics 
course", CERN 87-10 (July 1987). 
"New developments in particle 
acceleration techniques", CERN 87-
11, ECFA 87/110, (2 vols.) (October 
1987). 
"Second advanced accelerator 
physics course", CERN 89-01 
(February 1989). 
"Superconductivity in particle accel
erators", CERN 89-04 (March 1989). 
"Third general accelerator physics 
course, CERN 89-05 (April 1989). 
"Synchrotron radiation and free 
electron lasers", CERN 90-03 (April 
1990). 
"Third advanced accelerator physics 
course", CERN 90-04 (April 1990). 

"Power converters for particle accel
erators", CERN 90-07 (July 1990). 
"Fourth general accelerator physics 
course", CERN 91-04 (May 1991). 
"RF engineering for particle accelera
tors", CERN 92-03 (2 vols.) (June 
92). 
"Fourth advanced accelerator phys
ics course", CERN 92-01 (April 1992) 
"Magnetic measurement and align
ment", CERN 92-05 (September 
1992) 
"Fifth general accelerator physics 
course 1992", to be published. 
"Fifth advanced accelerator physics 
course 1993", to be published. 

Robert Marshak 1916-1992 

Robert E. Marshak died in Decem
ber. A tribute will appear in our next 
edition. 
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How to visit CERN 

Comment visiter le CERN 

Organized visits take place only on Saturdays, at 9.30 a.m., 
and/or 2.30 p.m. The visits last about three hours and are free. 
The minimum age limit is 16 years. 

Les visites commentées ont lieu seulement le samedi, à 9 h. 30 
et/ou à 14 h. 30. Elles durent environ trois heures et sont 
gratuites. La limite d'âge minimum imposée est de seize ans. 

Please write or call: CERN 
Ecrire ou téléphoner: Visits Organization / Organisation des visites 

1211 GENEVA 23 Switzerland 
Tel. 022/767 84 84 
Telex 419 000 CER 
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Data Read Out Engines 

Dedicated Solutions for PhysicS 

ĵgf Fast Read Out 

Data Stream Processing 

Sophisticated FIFO structure 
Up to 200 million operations 
per second (MOPS) 
DSP96002*) based piggy back 
building block (40MHz) 
Parallel processing 

*) Trademark Motorola 

• DSP96002 based compression 
(40MHz, up to 200 MOPS) 

• FASTBUS front-end data 
• VXI/VME front-end data 
• PCOS/FERA*) front-end data 

*) Trademark LeCroy Corp. 

Transfer rates (peak) 
70MByte/s FASTBUS block 
transfer (20ns slave assumed) 
100MByte/s in VXI/VME 
(64 bit source sync, block transfer) 
Fast point-to-point links 

J(^*Second Level Triggering 

• DSP96002 parallel processing 
• Operates on PCOS/FERA data 
• Operates on FASTBUS data 
• FIFO communication structure 

Number Crunching ~~ 

• DSP power to, ,digest' ' the data 
• Upto200MFLOPS+160MIPS 

in a single FASTBUS slave module 

STR371 -DDSP- DSP96002 Data Stream Processor 
- Building Block -

Full UNIX Workstation to FASTBUS support 
VIC-bus to FASTBUS interface (CHIPS I/O port) 
PCOS/FERA to FASTBUS interface (CHIPS I/O port) 
Price reductions on FASTBUS CHIPS packages 
Stand alone 68030 based CAMAC-CC with 
OS-9 software 
Sales and service available now over E-mail //ËÊ* 

LLkUJJJ 
More than a good link 

Dr. Bernd Struck - Bàckerbarg 6 - D-2000 Tangstedt/Hamburg 
Telefon (04109) 55-0 - Telefax (04109) 5533 - Telex 2 180 715 tegs 4 
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