


Introducing: 
LeCroy'slSTI, 
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The Fastest Encoding TDC in FASTBUS With... 
• Higher Density • Higher Precision 
• Shorter Conversion Time • LIFT* Compatibility 
• Sparsif ied Data Readout • Lower Cost 
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...Than Anything Available Today! 

The new 1871 FASTBUS TDC joins LeCroy's well known family of time digitizers in NIM, CAMAC, and FASTBUS. 
Watch for two new instruments later this year in VME especially designed for particle beam control applications, 
Time Projection Chamber readout, and nuclear physics time of flight experiments. 

The LeCroy Family of Timing Instrumentation 
Maximum Range 

Model Number Standard Inputs Resolution (Bits) Application 

NEW!!! 
• 1 8 7 1 FASTBUS 64 800 psec 10 High Rate Drift Chambers & Triggers 

1872 FASTBUS 64 25psec 12 Precision Time-of-Flight Systems 
1875 FASTBUS 64 25 psec 12/15 Auto-ranging Time-of-Flight Systems 
1879 FASTBUS 96 2 nsec 10 Time Projection & Drift Chamber Systems 
3001 qVt NIM 1 100 psec 10 MCA: Detector Set-up & Testing 
2228A & 2229 CAMAC 8 50 psec 11 Time-of-Flight Detectors 
4204 CAMAC 1 156 psec 24 Delay Line ja-Spin Rotation Detectors 
4208 CAMAC 8 1 nsec 24 Time Markers, Delay Line Readout 
4303-4300B CAMAC/FERA 16 50 psec 11 Time-of-Flight Triggers 

and coming soon.. 
1170-501 VME 16 10 nsec >12 (Multihit) Time Projection & Slow Drift Chambers 
1172 VME 8 25 psec 12 Accelerator Control, Nuclear Time-of-Flight 

*teCroy Interactive FASTBUS Toot kit (LIFT) is a PC and VME based development software package designed to permit simple, direct interaction with FASTBUS using an inexpensive host 
. computer environment. It is used by physics research teams and national laboratory equipment pool groups all over the world. 

Call or Write Today for a Technical Data Sheet and the New 1990 Research Instrumentation Catalog. 

LeCroy 700 Chestnut Ridge Rd, Chestnut Ridge, NY 10977-6499 USA Tel: (914) 578-6013 
Route du Nant'Avril 101, 1217 Meyrin 1-Geneva, Switzerland Tel: (022) 782 33 55 

Innovators in Instrumentation 
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Around the Laboratories 

CERN: LEP delivers/Looking deeper at spin/Handling low 
energy antiprotons 
Initial collider performance in retrospect/How is nucleon spin 
carried?/Slowing down antimatter 

UNITED STATES: From here to 2000 
Waiting for the Supercollider 

FERMILAB: DO central calorimeter 
Second collider experiment gets ready 

BROOKHAVEN: RHIC magnets/Colour transparency 
R and D for heavy ion collider/Filtering nuclear effects 

DESY: HERA superconducting magnets OK/ 
Theory workshop 
Installing proton ring for new collider/A closer look at Higgs 
effects 

B MESONS: Beauty without charm 
Pinning down rare decays 

CEBAF: Pushing ahead 
Preparations for new electron machine 

CONTROL SYSTEMS: More for experimental physics 
International group gains popularity 

DETECTORS: Electronic detectors in medicine 
Exploiting particle physics instrumentation 

People and things 

Cover photograph: 
The central calorimeter for the DO experiment at Fermilab's proton-
antiproton collider, showing the concentric electromagnetic, fine ha­
dronic and coarse hadronic module rings inside the cryostat shell - see 
page 6 (Photo Fermilab). 
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SY 127 - 40 CHANNEL HIGH VOLTAGE SYSTEM 
• H.V. outputs in the range ±200 V+ ±15 kV full scale; 
• 200u.A 3mA max current per channel; 
• up to 100 nA current monitor resolution; 
• up to 4000 channels controllable from a single point; 
• remote control through RS 232,CAMAC, VME, G 64 ; 

SY 227 -128 CHANNEL HIGH VOLTAGE DISTRIBUTOR 
• up to 4 independent boards, 32 channels each; 
• maximum input voltage ±5 .5 kV; 
• current monitor resolution 5 nA, 5 \ i A full scale; 
• test and wire pulse read-out available on request; 

PS 35-100 BP/PS 100-10 BP - HIGH VOLTAGE POWER SUPPLY 
• ± 3.5 kV- 100 mA,+/-10 kV-10 mA; 
• local control via front panel commands and display; 
• remote control via analog levels, RS232 or H.S. CAENET; 

SY 170 A - 64 CHANNEL HIGH VOLTAGE DIVIDER 
• 3.5 kV maximum high voltage input; 
• positive or negative polarity optional on order; 
• up to 4 high voltage boards, 16 channel each; 
• available to supply from 250u.A to 2 mA per channel; 
• max H.V. drop range: up to 500 V (±1 V resolution); 

N 126/ N 186- GENERAL PURPOSE HV NIM POWER SUPPLY 
• up to 8 kV /15 kV maximum output voltage; 
• positive or negative polarity; 
• local or remote (through analog levels) control; 
• max output current 3 mA (3 kV) 200 LtA (15 kV); 

PM 4238 - PHOTOMULTIPLIER BASE 
• dedicated to house 2" PM as Philips 56DVP,XP 2020 EMI 
• the unit use a non linear voltage divider; 
• current in the resistor chain 2.0 mA at 2500 V 

COSTRUZIONI APPARECCHIATURE ELETTRONICHE NUCLEARI S.P.A. 
55059 VIAREGGIO - ITALY - Tel. (0584) 395674 - 396090 - Telex 580112 CAEN I - Telefax (0584) 396034 



KFK IS L O O K I N G FOR T H E M W I T H T H E X P 3 4 6 2 
XP3462 

G 

= 3 n s , a n o d e pu lse r ise t i m e for de l t a -
f u n c t i o n l ight pu l se 

= 10%, for 5 7 C o a n d a 3 " x 3 " Nal (Tl) 
sc in t i l la tor 

= 8 5 m A / W (11,5 ^tA/ l rnF) 
= 10 6 at 1500V 

Pulse l inear i ty w i t h i n 2 % up to 1 0 0 m A 

The KfK* e x p e r i m e n t , in a 6 0 0 0 t on n e u ­
t r ino b l o c k h o u s e at t h e Spa l la t ion Neu t ron 
Source at RAL , ca l led for 2 2 4 0 p h o t o m u l t i -
p l iers c o m b i n i n g f i rs t - ra te t i m e response 
w i t h g o o d e n e r g y reso lu t ion .To the i r spec i f i ca ­
t ion w e d e v e l o p e d t h e 3 i nch , 8 s t a g e X P 3 4 6 2 . 

* K f K : K e r n f o r s c h u n g s z e n t r u m K a r l s r u h e 

Ph i l i ps C o m p o n e n t s , B u i l d i n g B A F 2 , 5 6 0 0 M D 
E i n d h o v e n , T h e N e t h e r l a n d s . Telex 3 5 0 0 0 p h t c n l / n l j e v e o . 

S T I L L S E T T I N G T H E S T A N D A R D 

PHILIPS 



CERN MIRRORS REFLECTING 
OUR UNIQUE KNOW- HOW 

Four hundred and twenty-five specially 
developed, high-reflection mirrors for the 
world's biggest particle accelerator. That's 
Bofors Aeorotronic's contribution to the 
scientific research project led by CERN in 
Geneva. 

The particle accelerator LEP (Large Elec­
tron - Positron Collider) is 27km in circum­
ference and will be used to study and iden­
tify the elementary particles that result from 
the collision of electrons and positrons at 
almost the speed of light. 

The information gathered from this will, 
in turn, shed more light on the construction 
of the universe. 

The CERN assignment is another success 
for Bofors Aerotronics and its unique com­
petence and know-how in the field of op­
tics. 

Optics Optronics Radio communication 

G3 Bofors Aerotronics 
Nobel Industries Sweden 

Bofors Aerotronics, S-181 84 Lidingo, 
Sweden, tel. +46 8 731 60 00 

How much time does it take you 
to connect a new RS232 device? 

Are you stili soldering 
and changing wires? 

Now you can save your time for more important things. Take the new adapter 
set LABORSET or LABORSET plus. In that small box you will find all you 
need, a set of adapters. Plug adapters to your cable and the device is in 
operation. No soldering, no bad contacts. 

In the LABORSET are 9 adapters. LABORSET plus has 7 adapters and an 
interface tester to monitor the signals. 

j m 
BAUZ 

Price: 
298,-
325,-

DM, 
DM. 

LABORSET 
LABORSET plus 
Call for further information or write your orders to: 
BAUZ-lnterfacetechnologie und ProzeBautomatisierung GmbH 
Brakeweg 21, Postbox 13 29, D-2730 Zeven, Germany. 
Phone 49 4281 1577, FAX 49 4281 6784 

CORNING FRANCE 
OPTICAL D IV IS ION DIVISION OPTIQUE 
44, avenue de Valvins 
77210 AVON - FRANCE 
Tel.: 33-1 60 72 50 00 
Telex: 690 562 CORFOPH 
Fax: 33-1 60 72 18 30 

The worldwide specialist in glasses for 
Cherenkov counters. 
Le specialiste mondial des verres pour compteurs 
Cherenkov. 
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Around the Laboratories 

CERN 
LEP delivers 

One year ago, wi th the wor ld cata­
logue of Z particles - the electrical­
ly neutral carrier of the weak nu­
clear force - containing a few 
hundred examples, it sounded ex­
travagant when proponents of 
CERN's new LEP electron-positron 
collider promised a hundred thou­
sand Zs by Christmas 1989. 

Despite the difficulties of com­
missioning the largest particle ac­
celerator ever built, wi th a heavy 
commitment to machine develop­
ment runs - vital for the machine's 
success but yielding no physics, 
and a series of shutdowns both 
scheduled (such as for the formal 
inauguration ceremony on 13 No­
vember) and unscheduled (to save 
power on cold winter days), the 
four experiments - Aleph, Opal, 
Delphi and L3 - between them at­
tained the hundred thousand Z 
mark just before the machine's 
and-year shutdown. 

The brief pilot run in August was 
fol lowed in September and early 
October by t w o systematic scans 
of the Z region around a collision 
energy of 91 GeV. Towards the 
end of this period the supercon­
ducting ' low-beta' quadrupoles 
came into action for the first t ime 
to squeeze the beams tighter and 
boost the collision rate threefold. 
Initial physics results f rom these 
runs gave a precision fix on the Z 
mass and showed that there is 
only room for three types of neutri­
nos (December 1989 issue, page 
19). 

Subsequent runs concentrated 
on extending the Z scan. Typical 
(single) beam currents were 1 to 
1.5 milliamps and colliding beam 
luminosities attained 4.9 x 1 0 3 0 per 

sq cm per s. Beam lifetimes regu­
larly exceeded ten hours. 

The onset of winter saw the first 
imposed cuts due to CERN's spe­
cial arrangements wi th the French 
electricity supply. Despite these 
and other unscheduled interrup­
t ions, the Z score continued to 
mount steadily, allowing the experi­
ments to refine their Z parameters 
and to look more closely at pat­
terns of Z decay, checking that the 
particle has equal affinities for elec­
t ron, muon and tau lepton channels 
(lepton universality). 

Towards the end of the year, the 
27-kilometre ring had its first taste 
of coasting 20 GeV protons for a 
precision comparison with 20 GeV 
positron performance to obtain a 
better calibration of LEP energy. 
Previously, Z measurements were 
clouded by a systematic 45 MeV 
beam energy uncertainty.Machine 
development, both in 1989 and 

when the machine restarts in 
March, is geared mainly to increas­
ing currents and squeezing the 
beams tighter together so that LEP 
can approach its design luminosity 
of 1.7 x 1 0 3 1 , but also towards 
longer-term goals of higher ener­
gies and beam currents. 

The experiments will embark on 
their search for the long-awaited 
Higgs particle, the generator of 
mass in the electroweak picture, 
while ongoing machine studies will 
also investigate LEP's potential for 
handling spin-oriented (polarized) 
beams. 

1989 LEP operations summary chart show­
ing a healthy increase in the growth of inte­
grated luminosity (a measure of the accumu­
lated number of electron-positron collisions). 
During machine development periods (MD), 
LEP continued to run but supplied no colli­
sions for physics. The 'critical days' were 
enforced shutdowns to shed electricity load 
in cold weather. 

LEP OPERATIONS 
INTEGRATED LUMINOSITY 

(nbarn t - 1 ) 
2000 r • 
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Tek Printer 4 6 9 3 DX 

Tektronix offers: 
• Apple Macintosh-Solution 
• PC-Solution 
• RGB-Solution 
• Workstation-Solution 
• PostScript 
• Thermal Wax 
• Ink Jet 

Tektronix International AG 
6 3 0 0 Zug 2, 
Tel. 0 4 2 / 2 1 91 92 

Tektronix International AG 
1217 Meyrin 2 , 
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Advertisements in CERN COURIER 
Format A 4 Monthly publication 
All advert isements are published in both English and French edi­
t ions. Second language versions accepted wi thout extra 
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Looking deeper 
at spin 
The first round of experiments in 
the North Area of CERN's SPS pro­
ton synchrotron included a con­
siderable investment in studies us­
ing high energy muon beams. This 
paid off wi th important contribu-
ions to physics, particularly in the 

measurement of the quark/gluon 
content (structure functions) of nu-
cleons. 

As well as unravelling the deep 
inner structure of protons and neu­
trons, this information provided un­
expected new physics insights, 
such as the discoveries by the Eu­
ropean Muon Collaboration (EMC) 
experiment of the 'EMC Effect' -
the dependence of the quark struc­
ture of nucleons on the surrounding 
nuclear environment - and of the 
surprise that the spin of the proton 
is not carried by its component 
quarks (June 1988, page 9). This 
spin effect was even more marked 
when the EMC data was combined 
wi th older results f rom Stanford 

experiments using polarized elec­
tron beams. 

The EMC Effect sparked off a 
series of investigations and led to 
much thinking on the role of quarks 
and gluons in heavier nuclei (Sep­
tember 1985, page 270). The spin 
effect too caught many theoreti­
cians on the wrong foot , and led to 
speculation that it reflects some 
deeper aspects of inter-quark 
forces. 

To probe deeper into this im­
portant question, a new Spin Muon 
Collaboration (SMC) will continue 
the tradition of muon studies at the 
SPS using both spin-oriented 
muons and target protons and deu-
terons. The target spins will be ra­
pidly switched to minimize system­
atic effects in measuring asymme­
tries, and the use of proton and 

Expected variation of the spin asymmetry of 
the neutron (vertical axis) with the fraction of 
the neutron momentum carried by the struck 
quark, showing old and new ideas and 
(shaded) the accuracy expected by the new 
Spin Muon Collaboration experiment at 
CERN. 

deuteron targets will open up the 
neutron spin structure to give a 
first check on important theoretical 
predictions. 

The original EMC spectrometer, 
including the on-line computer and 
data acquisition system and with 
additional tracking chambers, was 
considerably upgraded by the New 
Muon Collaboration (NMC) which 
continued and extended the struc­
ture function measurements. 

The SMC experiment will use a 
new muon polarimeter and im­
proved target polarization equip­
ment to handle both protons and 
deuterons wi th frequent reversals 
of the spin direction. A few modifi­
cations are also proposed for the 
spectrometer to improve beam effi­
ciency and stability and the detec­
tion of the scattered muon. Wi th 
preparations already underway, the 
experiment is scheduled to being 
taking data next year. 

Handling low energy 
antiprotons 
The LEAR low energy antiproton 
ring at CERN takes its antimatter 
beams down to very low kinetic 
energies - less than 10 MeV - for 
a unique range of physics studies. 
However even these modest ener­
gies are too high for a series of ex­
periments aiming to explore the 
effects of gravity on antimatter. 

T w o experiments use trapping 
techniques to produce ultra-cold 
antiprotons. A Harvard/Mainz/Wa­
shington team (September 1989 
issue, page 23) has taken antipro­
tons down to a few millielectron 
volts, while a Los Alamos/ 
NASA/Texas A and M/Colorado 
group will look at the way cryogen­
ic antiprotons drift under gravity. 

A third group (CERN/Orsay) will 
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Mr H. Mauch will be glad to advise you 
personally. 
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Scintillator - position-sensitive photomulti-
plier assembly developed by a CERN/LAPP 
(Annecy) team as a beam profile monitor for 
a very low energy experiment at CERN's 
LEAR low energy antiproton ring. 

(Photo CERN 153.6.89) 

use precision mass spectrometry 
to look for any proton-antiproton 
mass difference using a radiofre-
quency quadrupole to s low down 
LEAR's antiparticles. 

LEAR experiments conventional­
ly rely on multiwire proportional 
chambers to monitor their antipro­
ton beam profiles, however at very 
low energies the particles become 
eadily degraded by the gas-sepa­

rating windows of these chambers. 
To overcome this, a CERN/LAPP 
(Annecy) team has developed a 
new technique using inorganic scin­
tillator on the photocathode of a 
commercial position-sensitive pho-
tomultiplier, picking up the antipro­
ton annihilation products and pro­
viding two-dimensional displays. 
Successful tests have also been 
made on very low energy (80 keV) 
negative hydrogen ions produced 
by the CERN/Orsay equipment. 
Wi th no outgassing (sublimation 
products) the technique looks 
promising for high vacuum condi­
t ions. 

UNITED STATES 
From here to 2000 
When it becomes operational, the 
87-kilometre Superconducting Su­
percollider proton ring - SSC -
now approved to be built in Ellis 
County, Texas, will dominate the 
skyline of US particle physics. 
However SSC experiments would 
not get underway in earnest until 
about the year 2000 , and to 
achieve an orderly transition into 
the SSC era while maintaining con­
tinuity in the 'base' (non-SSC) pro­
gramme, a special subpanel has 
been set up by the High Energy 
Physics Advisory Panel - HEPAP -
which counsels the US Department 
of Energy in its role as major pay­
master of US particle physics. 

After an initial organizational 
meeting in Washington last year, 
the new subpanel, chaired by Frank 
Sciulli of Columbia, met at the SSC 
in January and Cornell in February. 
After going on to Brookhaven, Fer-
milab and Stanford in March, it re­
convenes in Williamsburg in April 
to write its report. 

Under a variety of budget scen­
arios (constant, rising, falling) the 
subpanel will examine the interrela­
tion of existing and proposed US 
high energy physics facilities (in­
cluding upgrades), the interface be­
tween the base programme and 
the SSC, the implications for uni­
versity groups, the importance of 
ongoing accelerator R and D work, 
and programme balance, including 
use of accelerators and other ex­
perimental facilities both inside and 
outside the US. 

The other subpanel members are 
Barry Barish (Caltech), Ed Berger 
(Argonne), Alex Chao (SSC), Frank 
Close (Tennessee), Gail Hanson (In­
diana), Walter Hoogland (CERN), 
David Leith (SLAC), Laurence Lit-
tenberg (Brookhaven), Hugh Mont­

gomery (Fermilab), Uriel Nauenberg 
(Colorado), Steve Olsen 
(Rochester), Marjorie Shapiro (Cali­
fornia), Robert Siemann (Cornell), 
Bruce Winstein (Chicago), Michael 
Witherell (Santa Barbara), Stan 
Wojcicki (Stanford) and Michael 
Zeller (Yale). 

The plan is for recommendations 
to be in place in time for the formu­
lation of the DoE's budget for f i ­
nancial year 1992 (beginning Octo­
ber 1991). 

Frank Sciulli of Columbia is chairman of a US 
subpanel on high energy physics research 
for the 1990s. 
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FERMILAB 
DO central calorimeter 

Preparations for the second experi­
ment (codename DO) at Fermilab's 
antiproton-proton collider have 
gone into high gear in recent 
months, wi th the detector being 
readied for data taking in the next 
collider run, starting in July 1 9 9 1 . 

(A one-year run wi th the collider 
finished last June, wi th a wor ld re­
cord number of accumulated 1800 
GeV proton-antiproton collisions 
for the big CDF detector (Septem­
ber 1989, page 13). Wi th DO, Fer-
milab will consolidate its position 
as the wor ld 's premier proton-anti­
proton Laboratory, a distinction 
long held by CERN.) 

A key DO milestone was passed 
on schedule late last year wi th the 
full complement of modules for the 
large angle central calorimeter in­
stalled in their cryostat. This calori­
meter is crucial in DO's bid for ac­
curate measurements of high trans­
verse momentum jets, electrons 
and photons in complex multiparti-
cle events, complemented wi th a 
large coverage muon detection 
system and a compact set of track­
ing and transition radiation detec­
tors surrounding the intersection 
point. 

The central calorimeter's three 
concentric rings (see cover photo) 
form a 260 cm long cylindrical an-
nulus between radii of 85 and 220 
cm. The inner ring has 32 electro­
magnetic modules (3 mm uranium 
absorber plates) surrounded by 16 
fine hadronic modules (6 mm uran­
ium plates) and then by 16 coarse 
hadronic modules (46.5 mm cop­
per plates). The detector repre­
sents a considerable obstacle for 
the emergent particles, about 7 ab­
sorption lengths at normal inci­

dence, and giving about 15,000 
separate measurements of de­
posited energy. 

Tests assured the experimenters 
that their design goals had been at­
tained - good energy resolution for 
electrons and for hadrons, equal 
response for electrons and pions, 
2mm position resolution of electro­
magnetic shower centroids, and 
excellent linearity and stability. 

Meanwhile installation of the 
164 exterior muon chambers is 
progressing steadily. After the final 
cabling and closing of the central 
calorimeter, the detector will be 
moved into place and filled wi th ar-

The outer (muon) detector of the DO experi­
ment for Fermilab's proton-antiproton collid­
er in the experimental hall. 

(Photo Fermilab) 

gon. Later this year the calorimeter, 
together wi th all tracking and tran­
sition radiation detectors and the 
large angle portion of the muon 
toroids and chambers, will be com­
missioned and tested using cosmic 
rays while the installation of mo­
dules in the end calorimeters pro­
ceeds in parallel. 

Fermilab's next proton-antipro­
ton collider run is scheduled for 
next year. 
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Large Circuits for Large Jobs 
The alternatives are small. 
B u c k b e e M e a r s specializes in producing 
high quality, large size, close tolerance 
printed circuit boards such as this 34" x 
42" detector board. In fact, we produced 
over 1,000 of these boards defect free. And 
we've produced even larger boards—up to 
4' x 12—some of the largest in the world. 

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

B u c k b e e - M e a r s 
S t . P a u l 
A UNIT OF B M C INDUSTRIES, INC. 

245 E. 6th Street, 6th Floor 
St. Paul, MN 55101 
612/228-6400 • Te lex 2 9 - 7 0 8 0 
F A X 6 1 2 / 2 2 8 - 6 5 7 2 

ADVANCED PULSED POWER 
TECHNOLOGY FOR 

SCIENCE AND INDUSTRY 

Featuring DEI's high performance MOSFET arrays, the SV Series 
is designed for applications that require very low jitter, fast and 
repeatable high voltage or high current pulses. 
Applications include driving magnets, electro static deflectors 
and high power tubes. 

• 2kV, 4kV, 6kV models • <100ps jitter 
• 150A peak current capability 
• Pulse width agile from 100ns to 2/xs 
• Rep rate agile to 25KHz (CW), 1MHz (Burst) 
• All solid state 

Call today for further information about the SV Series 
and other DEI Fast Power™ products. 

Directed Energy, Inc. 
2301 Research Blvd., Ste. 101 

Fort Col l ins, Colorado 80526 
303/493-1901 FAX 303/493-1903 

SCINTILLATORS 

V|e jjrave the ex 
seinPllators. 

ertisefand t;he know-how fo r high-quality plastic 

Hfigralight outpuff 'excel lent transmission and fast speed are the 
mairaMeatures of our plastic scinti l lators. We manufacture all 
s izes^mcustomers specifications. Rods, sheets, blocks and l ight 
guideslwi th polished or coated surfaces wi l l be manufactured 
withinMlose tolerances. 
Lithiurjf-glass-scintillators are avai lable in special shapes and 
sizes f r o m powders f o r HPLC and f l o w cells, discs fo r neutron 
measurements etc. various types f r o m low background t o very 
high eff iciency are avai lable. 
'• I 

Z I N S S E R 
A N A L Y T I C (UK) L td . 
H o w a r t h Road, S t a f f e r t o n w a y , M a i d e n h e a d , Berks. SL61AP 
T e l e p h o n e 0 6 2 8 / 7 7 32 0 2 • Telex 8 4 9 4 6 2 M & K 
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SCINTILLATION DETECTORS 
OFF THE SHELF 

Mounted crystals and complete assemblies for 
x-ray and gamma ray detection. 
# Materials include Nal (Tl), Csl(TI), 

ZnW04BGO etc. 
# Standard sizes from stock. 
# Range of sizes and configurations. 
# Laboratory and Industrial applications. 
# Specials to order. 
Hilger Analytical Limited 
Westwood Margate Kent CT9 4JL 
Tel: 0843 225131 Fax: 0843 224402 Telex: 96252 

HILGER 
Analytical 

General Data 
• Dimensions 9 6 x 9 6 x 2 0 0 mm 
• 20 programs, each with up to 100 program segments, 

can be stored per channel. 
• Up to 6 time switches 
• Serial interface. V24 (RS 232C). TTY. RS 422/485 
• External inputs for program slop, programming/keyboard lock, 

and fast wind 

• Program input via pressure-effective membrane keyboard 

Programmer, Type DICON P 
• 1, 2 or 3 program channels 
• output: current or voltage; 

resolution < 0,025% 
Program Controller, Type DICON PR 
• 1 or 2 program channels 
M for use with resistance thermometers, thermocouples, 

and current or voltage signals 
• Controller type: single or double setpoint controller 

or modulating or proportional controller 
• Control action: PD-, PI-, PiD or PD-IPIO structure ( J U M P ] M E S S - U N O ® 

R E G E L T E C H N I K 

JUMO MESS- & REGELTECHNIK AG • Seestrasse67 • CH-8712Stafa • 01/92821 41 
Bureau Suisse romande • CH-2203 Rochef ort-Neuchatel - 038 / 4513 63 i 
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Prototype 9.7 metre superconducting dipole 
for Brookhaven's proposed RHIC heavy ion 
collider 

(Photo Brookhaven) 

BROOKHAVEN 
RHIC magnets 

Last year, Brookhaven's proposal 
for a Relativistic Heavy Ion Collider 
- RHIC - was scrutinized by the US 
Department of Energy and deemed 
to be ready for construction fund­
ing. The hope is that the money 
will be voted soon so that con­
struction can get underway at the 
start of the new US financial year 
in October. * (see page 28) 

The 3.8 kilometre RHIC tunnel 
was completed ten years ago for 
the doomed Isabelle/CBA proton 
collider project. For RHIC, Brook­
haven's Tandem Van de Graaff and 
Alternating Gradient Synchrotron, 
together wi th an additional booster 
synchrotron now under construc­
t ion, will provide a wide range of 
heavy ion beams for acceleration in 
the big ring up to 100 GeV per nu-
cleon. To head the project, Satoshi 
Ozaki, who left Brookhaven in 

1981 to oversee construction of 
the TRISTAN electron-positron col­
lider at the Japanese KEK Laborato­
ry, returns to the Long Island Labo­
ratory. 

Research and development for 
RHIC has been in high gear since 
1987, when first funds earmarked 
for this work came in from the 
DoE, concentrating on the large su­
perconducting magnets to hold the 
particles on course. Prototype full-
length 9.7-metre dipoles were con­
structed several years ago, one at 
the Laboratory, the remainder at 
the West German plant of Brown 
Boveri (April 1987, page 21), and 
surpassed the nominal operating 
field of 3.45 tesla at 4.3 K. 

Since then a second series of 
these dipoles has been built and 
tested at Brookhaven, supported in 
their cryostats by vertical posts in 
compression, using an idea bor­
rowed f rom the magnet design for 
the Superconducting Supercollider 
(SSC) project in Ellis County, Tex­
as. Next milestone this year is con­

struction and testing of a full cell of 
the RHIC ring, wi th t w o dipoles, 
quadrupoles, sextupoles and cor­
rector magnets. The complete col­
lider, wi th its t w o interlaced rings, 
would need 288 arc dipoles. 

In parallel, development work is 
pushing ahead for the detectors to 
monitor the collisions at RHIC's six 
beam crossing points (January/Fe­
bruary issue, page 11). 

Colour transparency 
Thirty years ago Don Perkins, look­
ing at the decay of very high ener­
gy neutral pions into an electron, a 
positron, and a photon (Dalitz de­
cays) in cosmic rays, and noting 
that the electron-positron pair gave 
relatively little ionization (signal) 
during the first tens of microns of 
path length, explained that the ioni­
zation reflected the initial relative 
proximity of the positron and the 
electron. 

An electron-positron interaction 
vanishes if there is no separation 
between the charges. Only when 
the separation becomes compara­
ble to the atomic scale does the ef­
fect approach that of two indepen­
dent charged electrons. So the ion­
ization f rom very high energy elec­
tron-positron systems produced 
very close together and remaining 
subatomic over many microns of 
path length can be used to meas­
ure the size of the charge neutral 
system. 

A recent programme at the 
Brookhaven Alternating Gradient 
Synchrotron (AGS) is using the 
same principle to look at the basic 
hadronic interaction of hard elastic 
scattering, when the incoming par­
ticles 'bounce' violently off each 
another. 

Calculations using quantum chro-
modynamics (QCD - the standard 
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TVM-3032 MC68030 VME/VSB 
- MC68030 I MC68882 
-4/16 Mbytes VME/VSB 3-ported RAM 
-in/out block transfer and data broadcast over the VMEbus 
-16x4 VME/VSB mailboxes and estensive multiprocessing 
support 

- on board EPROM/EEPROM 
-uses VTC's VIC068 VME chip 

TVM-580 32/64 Mb VME/VSB 
- 32/64 Mb dual-ported DRAM over VME/VSB 
- block transfer support 
- 4/8/16 Mb versions available 

TVM-760 VME/VSB high speed A/D 
-10 million 12 bit conversions/second 
- block transfer over VSB 

Tecnint has the solutions for the most advanced ap­
plications at the right price. 
This means your budget can buy more boards than 
ever, without compromises. 

Call or write for a copy of our catalog. 

^ t e c n i n t 
Headquar te rs : 
VIA GERMANIA, 13 - 37136 VERONA - ITALY 
PHONE +39 45 8620183 - FAX +39 45 8620645 

Since 1st, of January new representat ive in CM and F l : 

M O D U L A T O R SA 
Konizstrasse 194 
3 0 9 7 Liebefeld-Bern 
T e l . : 0 3 1 / 5 9 2 2 2 2 Fax: 0 3 1 / 5 3 14 3 6 

Tecnin t R o m e : 
PHONE 06 2814 720 
FAX 06 2417 201 

Manufacturing Line 
- Cryogenic Valves 

(Vacuum Jacketed and also for 
Cold Box Mount ing, DN 2 - DN100) 

- Special Valves for 
Cryogenic Applications 
(Check-Valves, Pilot Cryogenic 
Valves etc.) 

- Bellows Sealed Valves 
(DN 2 - DN 100, up to PN 300) 

- Cryogenic Transferlines 
and Couplings 
(Bayonet or Johnston Coupl ings, 
Multi-Coaxial Coupl ings) 

- Space Cryogenic Fittings 
- Tailor made Cryogenic 

Components e.g. 
Cryostats and Ejectors 

Cryogenic Control Valve 
pneumatically operated with 

electro-pneumatic positioner 
and limit switches 

cold box mounting 

for further informations: 
WEKAAG 
Hofstrasse 8, CH-8620 Wetzikon, Switzerland 
Phone (0)1 932 23 02, Telex 875 744, Telefax (0)1 932 43 03 

or in USA and Canada: 

PROVAC LTD 
POB18411, Greensboro, North Carol ina 27419 
Phone (919) 282 6618, Telex 510 600 4853, Telefax (919) 288 3375 

10 CERN Courier, March 1990 



Marked variation in the transparency of alu­
minium to large angle proton-proton scatter­
ing, as seen by Brookhaven Experiment 834, 
showing the predictions of Glauber theory 
and of perturbative quantum chromodynam-
ics (PQCD). 

theory of the strong 'colour' force 
involving quarks and gluons) show 
that when t w o protons scatter 
elastically in hard collisions (large 
momentum transfer), the initial and 
final state protons can briefly 
shrink to much smaller size (going 
as the inverse of the momentum 
transfer) at the point of interaction. 
Thus the proton's tiny consti-
uents, including at least three 

quarks, can, albeit infrequently, oc­
cupy a space smaller than the nor­
mal proton diameter (1 fermi), be­
fore expanding again, the cycle tak­
ing place over a distance of many 
fermi. One explanation for the de­
creasing level of elastic collisions 
as the interactions become harder 
is that such a fluctuation becomes 
increasingly improbable. 

To measure the size of the 
three-quark system involved in 
elastic scattering, the Brookhaven 
experiments study these processes 
in nuclear matter. Standard (pertur­
bative) QCD calculations predict 
that in fixed angle quasielastic scat­
tering (quasielastic because the tar­
get proton is initially bound in a nu­
cleus), the soft interaction of the 
initial and final state protons wi th 
nuclear matter must vanish at high­
er energies. Just as the small 
charge-neutral electron-positron 
system does not interact wi th 
atomic matter, the small colour-
neutral three-quark system will not 
interact wi th nuclear matter. This 
suppression of initial and final state 
nuclear interactions has been 
termed 'colour transparency'. The 
relevance of (perturbative) QCD cal­
culations to these hard elastic scat­
tering processes has been contro­
versial, however this experimental 
programme provides a method for 
sorting contributions to hard elastic 
scattering. By 'turning off' in this 
way the soft component of the 
proton-nucleus strong interaction, 

the protons or pions become com­
petitive wi th electrons and muons 
as probes of interior structure. 

AGS Experiment 834 (Brookhav-
en/Minnesota/Penn State/SE 
Mass.) saw sharp changes in the 
transparency of aluminium and oth­
er nuclei in proton-proton elastic 
scattering as the momentum was 
varied from 4.5 to 13.2 GeV, 
showing that the hard and soft 
components of the scattering do 
not change smoothly with momen­
tum. 

To measure nuclear transparen­
cy effects in hadron-hadron quasi-

elastic scattering at as high an en­
ergy as possible, a new detector is 
being constructed for an experi­
ment by a Brookhaven/Michi-
gan/Minnesota/Mt Holyoke/Penn 
State/SE Mass. team to achieve a 
sensitivity of one event in 4 x 1 0 1 1 

interactions for scattering angles 
near 90 degrees in the proton-pro­
ton centre of mass). Designed to 
handle more than 2 x 1 0 7 interac­
tions per second, it is expected to 
take its first data next year. 

From Steve Heppelman 
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Giant Read-Out Boards? 
Epoxy laminates FR-4 
1300x4400 mm 
produced by 

[ P I T R O N r 

have been chosen for the 
construction of the "Read-
Out Board" of the hadron 
calorimeters of the ALEPH 
and DELPHI detectors. 

Standard production: 
• FR-4, G-10, G-11 rigid laminates 

for printed circuit boards 
• thin laminates and prepreg 

for multilayer boards 

DITRON srl 
Via Mulino Vecchio, 85 - 28065 CERANO (NO) ITALY 
Tel.: 0321/728294-726548 - Telex: 331565 PENCO I 
Telefax: 0321/721645 

THE 
NEW-EVENT 
MACHINE. 

Introducing the Analytek Series 2000 2 GS/s, 12 bit, Multichannel Waveform Sampling 
System. 

It's a dazzling new way to take a better look at fast and rare events where every little bit 
counts. Analyze, record, measure. Unprecedented 63 dB signal to noise. 

Compact, flexible, and modular. Mix and match sampling 
modules to trade off channel count for record length and speed. Install 
up to 96 channels in a single VXI/VME mainframe. Mouse driven. 
Programming via IEEE 488.2. Autocalibration, variable time base. 
For a demo or more information. 

Call Analytek at (800) 366-5060. FAX (408) 725-8562. 
For more information, contact your nearest Tektronix sales office, or 
Analytek, 10261 Bubb Road, Cupertino, CA 95014. Ifektronix 

COMMITTED TO EXCELLENCE 
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Part of the completed octant of the HERA el­
ectron-proton collider at the DESY Laborato­
ry, Hamburg, showing the superconducting 
magnets of the proton ring above with the 
electron ring below. This octant of the pro­
ton ring is now under test. The electron ring 
was completed last year and supplied its 
first 27 GeV electron beams in September. 

DESY 
HERA superconduct­
ing magnets OK 
The HERA electron-proton collider 
being built at the DESY Laboratory 
in Hamburg is the first accelerator 
using superconducting magnets 
manufactured by industry on a 
large scale. For this pioneering step 
several potential problems now 
seem to be all well under control, 
wi th important contributions com­
ing f rom both the manufacturers 
and DESY's accelerator specialists. 

The 224 superconducting qua­
d r u p l e s for HERA's 6.4-kilometre 
proton ring (plus 22 spares) were 
delivered last year by Alsthom 
(France) and Noell (West Germany), 
wi th design and production proce­
dures prepared by the French Sa-
clay Laboratory. Most have been 
successfully tested and 162 are in­
stalled. 

Construction of the 9-metre 
superconducting dipoles (422 re­
quired, 453 ordered) is now pro­
ceeding without major problems. 
These long dipoles have less com­
ponents than the quadrupoles 
(which include correction coils and 
monitors), but had to pass severe 
tolerance tests, resulting in some 
minor modifications and improve­
ments which delayed delivery. 

The last months of 1989 saw 
the dipole supply rate improve con­
siderably. By late January over 200 
dipoles had been delivered by ABB 
of Mannheim and the Italian con­
sortium of Ansaldo, Europa Metalli 
and Zanon. More than 135 had 
passed stringent quality and perfor­
mance tests at DESY and 83 were 
in place in the HERA tunnel. 

First 'wheel' of the liquid argon calorimeter 
for the H1 experiment at HERA being 
pushed into the cryostat. 
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The Powerful 
Digitizing 
Signal Analyser 

Tek DSA 6 0 0 

• 1 GHz Bandwidth 
• 2 GS/s Single Shot 
• Extended Triggering 
• Comprehensive Signal Analysis 
• Live FFT Capabilities 
• 8 Bit Vertical Resolution 

The Highest 
Performance in a 
Compact Digitizing 
Scope 

Tek DSO 2 4 4 0 

• 300 MHz Bandwidth 
• 500 Mega-Samples per sec. 
• 2ns Glitch Capture 

Tektronix International AG 
6 3 0 0 Zug 2, 
Tel. 0 4 2 / 2 1 91 92 

T V ^ . I p • • y ^ . B - f c i ^ ^ Tektronix International AG iCilvUTJniXf 1 2 1 7 M e y r i n 2 , 
COMMITTED TO EXCELLENCE Tel. 0 2 2 / 7 8 3 07 31 

CORNING FRANCE 
OPTICAL D IV IS ION DIVISION OPTIQUE 
44, avenue de Valvins 
77210 AVON - FRANCE 
Tel.: 33-1 60 72 50 00 
Telex: 690 562 CORFOPH 
Fax: 33-1 60 72 18 30 

The worldwide specialist in glasses for 
Cherenkov counters. 
Le specialiste mondial des verres pour compteurs 
Cherenkov. 

O R G A N I S A T I O N E U R O P E E N N E 
P O U R LA R E C H E R C H E N U C L E A I R E 

E U R O P E A N O R G A N I Z A T I O N 
FOR N U C L E A R R E S E A R C H 

MOVING? 

Please remember to let us know 
in good time. All notices of 
change of address must be 
accompanied by old and new 
addresses. (Include label from 
magazine wrapper.) 

Any enquiries regarding subscriptions 
should be addressed to: 

Monika WILSON 
CERN COURIER/CERN 
1211 Geneva 23 Switzerland 
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HERA's full complement of super­
conducting magnets should be in 
place by about September. All con­
ventional (non-superconducting) 
magnets of the proton ring are al­
ready installed, tested and ready 
for running, while HERA's electron 
ring was operational last Septem­
ber (November 1989 issue, page 
4). 

Wi th such a flying start it was 
possible to embark on a test of a 
first octant of the proton ring, 
starting at HERA's West Hall and 
continuing in the direction of the 
South Hall, covering the region 
where protons will be injected f rom 
the neighbouring Petra ring at 40 
GeV. All magnets were in place by 
December and helium supply, in­
cluding the distribution boxes, has 
been completed. Testing is under­
way. 

Meanwhile the t w o HERA experi­
ments H1 and Zeus are progress­
ing well wi th installation in the 
North and South Halls respectively. 
H1 installed and tested its 6-metre-
diameter superconducting solenoid 
and measured its magnetic field 
rast year. The external wall of the 
liquid argon calorimeter cryostat 
has been mounted inside the coil 
and a first 'wheel ' of the calorime­
ter has been pushed into the tank. 

The first calorimeter module for 
Zeus arrived at DESY on 22 Janua­
ry f rom Canada and the second the 
next day from NIKHEF (Nether­
lands). Zeus' superconducting coil 
was installed in its iron yoke last 
year and during January and Fe­
bruary was cooled down again 
wi th liquid helium from the central 
HERA plant and the field accurately 
mapped. 

First 11-ton depleted uranium/scintillator ca­
lorimeter module for the Zeus experiment at 
HERA arrives at DESY. 

Theory workshop 

The 12th edition of the annual The­
ory Workshop at the German DESY 
Laboratory in Hamburg concen­
trated on scalar particles (zero spin, 
even reflection parity), in particular 
the scalar version of the Higgs par­
ticle, the symmetry breaking agent 
and source of mass in the elec-
troweak theory. 

The Higgs particle discussions 
looked at t w o main questions - a 
theoretical upper mass limit, and 

the physics implications if these 
bounds are violated. 

Higgs bounds from general prin­
ciples (unitarity) were reviewed by 
K.-H. Schwarzer (Munich), giving a 
broad limit of 700 GeV, which can 
moreover come down to as low as 
145 GeV, depending on the choice 
of the quantum* chromodynamics 
scale parameter. 

Mass limits for both the Higgs 
particle and the sixth ('top') quark 
were covered by M. Lindner 
(CERN)and K. Sibold (Munich) using 
renormalization group techniques. 

(Photos P. Waloschek) 
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Phi l l ips Sc ien t i f i c 
... At the leading edge of technology 

the logical choice for NIM-CAMAC-FASTBUS products 
NIM 

DISCRIMINATORS LOGIC UNITS 
704 Leading Edge Discriminator,300MHz,4ch. 726 Level Translator NIM.TTL,ECL 
705 Leading Edge Discriminator,75MHz,8ch. 752 Two Input AND/OR 150MHz,4ch. 
706 Leading Edge Discriminator, 100MHz,16ch. ' 754 Four Input Majority Logic 300MHz,4ch. 
708 Leading Edge Discriminator,300MHz,8ch. 755 Four Input Majority Logic 150MHz,4ch. 
710 Leading Edge Discriminator, 150MHz,8ch. 756 Four Input Majority Logic 300/150MHz,4ch. 
711 Leading Edge Discriminator, 150MHz,6ch 757 Logic Fan In/Out 150MHz, 8ch. 
715 Constant Fraction Discriminator, 100MHz,5ch 758 Two Input AND/OR 150MHz,8ch. 
730 Dual Threshold Disriminator, 100MHz, 5ch. 
6904 Single Channel Discriminator Standalone300MHz GATE AND DELAY GENERATORS 
6915 Constant Fraction Discriminator Standalone 100MHz, 1ch. 792 Delay module 2ch,127ns # 

6930 Dual Threshold Discr. Standalone 100 MHz 1 oh. 794 Gate/Delay Generator 0.1 Hz-20MHz, 50ns-10s, 
4 channels,5 outputs(3NIM,1TTL,1ECL) ^ 

AMPLIFIERS 
770 Fixed Gain Amplifier 10,DC-300MHz,4ch. LINEAR PRODUCTS 
772 Fixed Gain Amplifier 10,DC-300MHz,8ch. 740 Linear Logic Fan In/Out DC-250M Hz, 4ch. 
771 Variable Gain Amplifier 1-10,DC-300MHz,4ch. 744 Linear Gate Fan In/Out DC-250MHz,4ch. 
774 Pulse Amplifier 100KHz-2GHz.Gain 5-100,4ch. 745 Linear Gate Fan Out DC-250 MHz,4ch. 
775 Pulse Amplifier 100KHz-2GHz.Gain 5-50,8ch. 748 Linear/Logic Fan Out DC-250 MHz,8ch, 
776 Photomultiplier Preamp DC-275MHz Gain10,16ch. NEW 782 Cable-Aid Receiver DC-300MHz,8ch. 
777 Variable Gain Amplifier 2-50,DC-200MHz,8ch. NEW 786 Cable-Aid Receiver DC-250MHz,16ch. 

NEW 778 Variable Gain Amplifier 2-50,DC-200MHz,16ch. NEW 6980 Cable-Aid Receiver DC-300MHz,single channel 
NEW 779 Photomultiplier Preamp DC-275MHz,Gain10,32ch. 

6931 Single Channel Standalone DC-100MHz Gain100 ATTENUATORS 
6950 Single Channel Standalone DC-300MHz Gain 10 804 NIM Rotary Attenuator 0,1-1.0,DC-lGHz,4ch. 
6954 Single Channel Standalone 100KHz-2GHz. 5010 Single Channel Standalone Rotary Attenuator 

NEW 6955 Pick-off Preamplifier 20MHz-700MHz,Gain 5-100 Range:0.1-1.0DC-1GHz 

CAMAC FASTBUS 
7106 Discriminator Latch 140MHz,16ch. 10C2 Charge ADC(QDC) 256pCoulombs Full scale 32ch. 
7120 Precision Charge Source Time Interval Gen. 10C6 TDC 25ps, 10bits, res.32 ch. 
7126 Level Translator: ECLJTL,NIM Common Features for 10C2-10C6: 
7145 Linear Gate Multiplexer DC-250MHz,8ch. *7us conversion per module ^Pedestal Correction 
7157 Logic Fan In/Out 150MHz,8ch. *Megablock Readout(40Mb/s) *Upper and Lower Thresholds 
7176 Photomultiplier Preamp DC-275MHz,Gain10,16ch. ^Multiple Event Buffering 
7177 Variable Gain Preamp 2-50, DC-200MHz,8ch. *Common Start or Stop (10C6 only) 
7186 TDC 25ps res.,12us conversion, 16ch.lemo inputs 10C8 Latch/Memory 128ch.,2K Deep 
7187 TDC 25ps res.,12us conversion ,16ch.ECL inputs 10C9 Latch/Memory with Sparcification,128ch. 
7194 Gate/Delay Generator 0.1Hz-20MHz ,50ns-10s, 10C8 and 10C9 feature: 

4 channels., 5 outputs (3NIM,1TTL1ECL) *Megablock Readout ^Multiple Event Buffer 

QUALITY PRODUCTS AND SERVICE - THE CHOICE IS YOURS ! ! ! 

PHILLIPS SCIENTIFIC Tel: (201)934-8015 
305 ISLAND RD. Fax: (201)934-8269 
MAHWAH, N.J.07430 Tlx: 990982 PSI UD 

FOR SALES OFFICES IN YOUR AREA OR TO RECEIVE A FULL LINE CATALOG 
PLEASE TELEPHONE, FAX OR TELEX OUR MAIN OFFICE. 
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DESY Theory Workshop Organizing Com­
mittee Chairman Dieter Schildknecht of Biel­
efeld (right) with Harald Fritzsch. 

With the Higgs limits depending 
on a perturbation approach, the ar­
guments can be turned upside 
i o w n to say that a non-appearance 

"of the Higgs signals a breakdown 
of perturbation theory. Using the 
non-perturbative lattice technique, 
I. Montvay (Hamburg) showed that 
Higgs bounds roughly coincide wi th 
those coming from the renormaliza-
tion group and unitarity ap­
proaches, so that theorists can 
conclude fairly confidently that the 
absence of a Higgs particle below 
about 650 GeV would require at 
least some overhaul of the underly­
ing electroweak formalism. 

Higgs hunting in the context of 
standard and extended electroweak 
pictures was covered by J . Gunion 
(UC Davis), while M. Chanowitz 
(Berkeley) looked at the possibili­
ties of investigating Higgs in partic­
ular and electroweak symmetry 
breaking in general at multi-TeV 

proton colliders, examining the im­
plications if the Higgs would be 
heavier than expected. 

Heavy Higgs implications were 
also looked at by G. Gounaris 
(Thessaloniki), this time for their 
impact on precision (radiative cor­
rection) electroweak studies. F. Fe-
ruglio (Geneva) investigated sym­
metry breaking alternatives to 
Higgs. 

Other scalar particle possibilities 
(axions, dilatons,..) were covered in 
both laboratory and astrophysics 
scenarios. 

Returning to the Higgs, M. Velt-
man concluded with T h e Higgs 
particle: to be or not to be, that is 
the question', reviewing in the light 
of perturbation theory many of the 
questions asked and proposals ta­
bled during the meeting. 

From Dieter Schildknecht 
(Organizing Committee Chairman). 

B MESONS 
Beauty without charm 

Under the action of the weak force, 
the heavy quark constituents of 
strongly interacting particles decay 
into lighter quarks, giving other 
particles, as in the familiar beta-
decay transformation of neutrons 
into protons. 

The interrelation between the 
weak force and quarks was ex­
tended in 1963 when Nicola Cabib-
bo showed how weak decays of 
particles containing strange quarks 
could be related to other such de­
cays by a mixing parameter. 

Looking at the selection rules of 
weak decays, Sheldon Glashow, 
John lliopoulos and Luciano Maiani 
proposed in 1970 an extended pic­
ture containing four types of quark, 
dramatically confirmed in 1974 
wi th the discovery of charmed par­
ticles. 

In 1972, Kobayashi and Maska-
wa enlarged the description to cov­
er six types of quark, grouped into 
three doublets - up and down, 
strange and charm, beauty and top 
- the minimal set of quarks needed 
to accommodate the delicate viola­
tion of combined charge/parity (CP) 
symmetry. Wi th the decay patterns 
of the Z particle, the electrically 
neutral carrier of the weak force, 
now indicating that there are only 
three kinds of neutrino, and hence 
six varieties of quark, this picture 
takes on added significance. 

While most of the input para­
meters have to be determined from 
experiment, consistency conditions 
give a certain amount of predictive 
power. Thus it was expected that 
the B mesons, containing the fifth 
'beauty' quark, would prefer to de­
cay via charmed states. 

However 'charmless' B decays 
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In Grenoble 
Rhone-Alpes 

France 

The European Synchrotron Radiation 
Facility is constructing a state-of-the-art 
storage ring for 6 GeV electrons and/or 
positrons to be operated as a high 
brilliance synchrotron radiation source 
in the field of X-ray from 1994 on. 
Financing of the ESRF is shared by 11 
European countries. 

•••• 

• r t • 

EUROPEAN 
SYNCHROTRON 
RADIATION 
FACILITY 

The objectives of the ESRF are to support scientists in the 
implementation of fundamental and applied research on the 
structure of condensed matter in fields such as 

• physics 
• geology 
• chemistry 

We recruit now to our Experiments Division, Machine Division and 
Technical Services Division : 

»biology & medicine 
»crystallography 
• surface & materials science 

Scientists 

Two posts in charge of Beam Line construction and operation (ref. 
2113/19). Beam Lines with high priority in the ESRF scientific 
program including Protein Crystallography, Powder Diffraction, 
Nuclear Bragg Diffraction, Inelastic Scattering, Imaging & 
Topography, X-ray Absorption Spectroscopy, Anomalous 
Scattering. 
One post in the Detector Group (ref. 2114) to participate in 
development and design of advanced X-ray detector systems. 
(Scientists are normally employed on fixed-term contracts for max. 
5 years) 

Engineers 

Head of Mechanical Engineering Group (ref. 6101) for a candidate 
with at least 5 years experience of high-tech development and 
production of electromechanical prototypes. The group consists of 
three engineers and ten technicians. 
Mechanical Engineer (ref. 6111 Jforacandidatefamiliarwithhigh 
precision mechanical construction; experience in vacuum 
techniques, metallurgy and/or stress analysis appreciated. 
Beam Line Control Systems Engineer (ref. 2112) for an expert 
in electronics and computing working to allow remote control of 
elements in the Beam Line such as shutters, slits, optical elements, 
specimens, beam stops and detectors. Many of these control 
systems are sophisticated and rival robotic systems in complexity. 
Interaction with Data Aquisition and Data Analysis groups is 
essential. 
Software Engineer (ref. 2120) supporting the Beam Line design 
by computational tools as optics ray-tracking, data aquisition, 
performance simulations and related programs packages 

Technicians 

In field of Programming (ref. 4525), Software & Electronics-
Insertion Device (ref. 4553), Power Supplies (ref. 4544), Insertion 
Device Prototype Assembly and Tests (ref. 4554), Mechanics for 
Assembly and tests (ref. 4543) Beam Front End (ref. 4524), 
Electro-mechanics (ref. 4532), Electronics-Radio Frequency (ref. 
4530), Buildings & Infrastructure (ref. 6518), Ultra High vacuum 
(ref. 6528). In addition, the Experiments Division recruits technicians 
experienced within one or more of the following fields : Precision 
Mechanics, Optical Devices, Surface Preparation, Computing, 
Electronics, Vacuum Technology and Cryogenics (ref. 2500). 
The working language in the ESRF is English; knowledge of 
French is desirable. ESRF offers you an interesting opportunity in 
an international atmosphere and with high technology equipment. 
Staff members moving to Grenoble benefit from Installation 
Allowances (non-French staff also from an Expatriation Allowance. 
The salaries should be attractive. Give us your name your address 
and the reference number and we shall provide you with an 
"Application form" and further information. 
Deadline for returning the "Application Form": 28 February 1990 

ESRF (Personnel Office), Boite Postale 220 
F - 38043 Grenoble Cedex 

MASSACHUSETTS INSTITUTE 
OF TECHNOLOGY 

Department of Physics 

The Physics Department of the Massachusetts Institute 
of Technology invites applications for a 

Tenure Track Position 
a t t h e A s s i s t a n t P ro fesso r level 

in the area of experimental high energy physics. 

Physicists at MIT currently pursue e + e~ and p + p~ collider 
physics at CERN (LEP3 and UA1 detectors) and at SLAC 
(SLD detector). They are also involved in a deep inelastic 
muon scattering experiment at Fermilab (E665), a cosmic 
ray program at Grand Sasso (LVD detector), and in R&D 
for the SSC. 

These programs would welcome new members, but can­
didates with other research interests will also be con­
sidered. 

Applicants should submit a curriculum vitae, publications 
list, and names of references to: 

Professor W. Busza 
Chairman, Search Committee 
Room 24-510 
Massachusetts Institute of Technology 
Cambridge, MA 02139 

MIT is an Affirmative Action/Equal Opportunity em­
ployed and solicits applications especially from qualified 
women and minorities. 

T H E V E N E T C L E R J O U N 
TRANSIT ION JUNCTIONS l,M 
FOR CRYOGENIC. VACUUM, NUCLEAR AND SPACE APPUCATIONS 

THEY HAVE THE 
SAME MECHANICAL 
CHARACTERISTICS 
AS THE ALUMINUM 
TUBE AND CAN ALSO 
BE FABRICATED 
TO ANY MATERIAL 
SPECIFICATIONS 

TOTALLY RELIABLE BIMETALIC 
TRANSITION JUNCTIONS 
FOR TUBULAR ASSEMBLIES 
UP TO 0 600 MM (24") 
10"9 atm. cm3. S"1 

10 M Pa 
0 to 573 K 
UNDER RADIATION 

i But/da Scientific Europe 

* COMMISSARIAT A L'ENERGIE ATOMIQUE CALL OR WRITE FOR DOCUMENTATION THEVENET CLERJOUNIE . DEPARTEMENT JONCTIONS TC CONTACT: M. ARMAND PI NET, CONSULTING ENGINEER 22, AVENUE FRANKLIN-ROOSEVELT - 69517 VAULX-EN-VELIN CEDEX FRANCE - TELEPHONE: (7) 849.54.64 • TELEX380544F 
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With the DORIS electron-positron collider at 
the German DESY Laboratory in Hamburg 
tuned to the upsilon 4S resonance at 
10.575 GeV, the Argus detector saw this 
example of an upsilon decaying into a pair of 
neutral B mesons (carrying the fifth 'beauty' 
quark), one of which decays into a pion, 
avoiding an intermediate charm state. This 
event also shows the particle-antiparticle 
'mixing' of the neutral Bs by the weak inter­
action. 

should still happen, albeit at a re­
duced level, and their observation 
last year by the CLEO and ARGUS 
experiments at the CESR and DO­
RIS electron-positron rings at Cor­
nell and DESY, Hamburg, respect­
ively, provides important new input 
for the six-quark picture. 

The signature of these transi­
t ions is an excess of leptons 
(muons or electrons) above the ki­
nematic limit for B decays via 
charmed particles. Tuning the col­
liding electron-positron beams to 
the upsilon 4S resonance (which 
decays into B pairs) and comple­
menting the measurements wi th 
studies on the neighbouring elec­
tron-positron continuum (to esti­
mate background), each group 
finds about 60 excess leptons. 

Unearthing the quark transition 
parameters needs a model to des­
cribe the overall decays, and there 
are several on the market. But 
broadly speaking the results show 
that there is about a ten per cent 
chance that a beauty quark will de­
cay directly into a light quark, rath­
er than via a charmed quark. 

The interpretation of these quark 
decay parameters remains a chal­
lenge to theorists. 

Lepton (electron and muon) spectra from the 
CLEO experiment at Cornell's CESR electron-
positron ring taken both on (solid points) 
and away from (open points) the upsilon 4S 
resonance, showing the small excess of on-
resonance points above 2.3 GeV due to B 
meson pairs decaying into particles contain­
ing light quarks without passing through an 
intermediate charm state. Note the different 
vertical scales in (a) and the enlargement (b). 

....
 J 

A R G U S 
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S N A - 6 : 
The ultimate 
instrument for 
applications 
in systems 
manufac­
turing. 

D
SNA-6:50 Hz to 3.2 GHz 

esigned for applications from the 
audio to the microwave range, the dual-

function SNA-6 handles spectrum analysis from 50 Hz 
to 3.2 GHz. The instrument's excellent dynamic range and 
accuracy permit analysis of densely spaced line spectra. The narro­
west analyzer filter (3 Hz bandwidth) allows detection of extremely low 
amplitude a. c. line interference superimposed on a 3 GHz carrier. This 
is just one benefit of the low-noise synthesizer oscillator. 

The SNA-6 also sets new standards in scalar network analysis. The 
0.1 Hz resolution synthesizer can be tuned across the entire frequency 
range without skips or phase hits. The same synthesizer also provides 
the signal for the tracking generator. When testing active two-port 
networks, the gain/attenuation vs. frequency can be determined from 
+ 30 to - 1 4 0 dBm and 100 kHz to 3.2 GHz with excellent precision. 

You can use our bar code reader or your PC with our software for remote 
control applications on the IEEE 488/IEC 625 bus. 

You will also be impressed by the versatile evaluation functions 
and hardcopy capabilities of the SNA-6. 

For more information about the state-of-the-art SNA-6 from 
Wandel & Goltermann, please fill out and send in the coupon below 

Wandel &Goltermann (Schweiz) AG 
Postfach, 3018 Bern 18, Telefon 031-55 6544, 
Fax 031-55 47 07, Telex 912 350 wgch 

• More information about the SNA-6 

• Please arrange for a sales engineer to call 

Name 

Company 

Street 

Town/postcode 

Telephone no 

Wandel & Goltermann 
Electronic MeasurementTechnology 



CEBAF 
Pushing ahead 

Accelerator component procure­
ment, assembly, and testing are 
advancing in parallel wi th tunnel 
construction and preparations for 
experiments at the Continuous El­
ectron Beam Accelerator Facility 
(CEBAF), Newport News, Virginia. 
A pair of parallel superconducting 
linacs connected by recirculation 
arcs will comprise the 4 GeV ma­
chine, serving simultaneous nuclear 
physics experiments in three end-
stations. Initial accelerator installa­
tion and checkout should begin this 
year. 

The accelerator's 1.4-km race­
track tunnel and associated surface 
buildings are three-quarters com­
plete. The 4800-wat t helium liqui-
fier, built by CVI (Columbus, Ohio), 
is being installed in its building at 
the centre of the ring. Insulated he­
lium transfer lines are in place to 
the completed north linac tunnel. 
Control system installation began in 
February in the machine control 
centre. Also in use are the north li­
nac service building, a tunnel ac­
cess building for equipment, and 
the injector service building. 

Federal German supplier Intera-
tom has begun fabricating the five-
cell 1497-MHz superconducting ac­
celerating cavities to drive CEBAF's 
beams. They will operate in pairs 
at 2 K. A 20 MeV 'cryomodule' 
containing four serially linked cavity 
pairs, each in its own helium ves­
sel, was tested successfully last 
year, as was a quarter-cryomodule 
containing a single cavity pair. 

The tested units are identical to 
those being assembled for the full 

Aerial view showing CEBAF construction 
progress. 

Layout of the Continuous Electron Beam Ac­
celerator Facility (CEBAF) now under con­
struction at Newport News, Virginia, US. 
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accelerator. Twenty cryomodules 
are required for each 400-MeV li-
nac, wi th the recirculating beam 
passing five times through both li-
nacs to reach 4 GeV. T w o and a 
quarter additional cryomodules will 
make up the 45 MeV injector. CVI 
is fabricating the inner helium ves­
sels; Meyer Tool (Oak Lawn, Illi­
nois) is making the outer vacuum 
vessels and associated cryostat 
components. 

In the tested cryomodule, the 
average accelerating gradient ex­
ceeded the cavities' 5 M e V / m de­
sign specification, showing no de­
gradation from the 7.3 M e V / m 
achieved earlier in vertical tests of 
cavity pairs. This result boosts 
confidence in the hermetic cavity 
pair approach, where twin cavities 
are kept continuously under 
vacuum. 

A t CEBAF the tested quarter-
cryomodule and the injector's 500 

keV room temperature section 
have been linked for 5 MeV test­
ing. This equipment and the tested 
cryomodule will be moved sub­
sequently to the tunnel and con­
nected as a partial injector configu­
ration for a 25 MeV test scheduled 
to begin in November. 

The main goal of this test is to 
integrate permanent accelerator 
systems for the first t ime. While 
testing has relied, for instance, on 
helium from a small cryogenics fa­
cility and radiofrequency from pro­
totypes of the klystrons now being 
produced in quantity by Varian 
(Palo Alto), the 25 MeV test will 
use the central helium liquifier and 
ten production klystrons installed in 
the service building above the tun­
nel, all controlled from the machine 
control centre. 

When the contract for some 300 
recirculation arc dipoles is placed 
this spring, most of the accelerator 

Fully instrumented CEBAF cryomodule under 
test. 

equipment supply sources will have 
been decided. 

Meanwhile scientific programme 
efforts have focused on defining 
optimal experiments and complet­
ing conceptual designs of the spec­
trometers and detectors for each 
of the three experimental halls. CE-
BAF's Program Advisory Commit­
tee, chaired by John Schiffer of Ar-
gonne, will recommend an initial 
three-year physics programme 
from a total of 47 proposals re­
questing some 45 ,000 hours of 
beam time f rom collaborations in­
volving 245 scientists in 60 institu­
t ions. 

Collaboration members assist in 
designing experimental equipment 
and preparing for its construction 
and assembly. T w o 4 GeV/c high 
resolution spectrometers are plan­
ned in Hall A for exclusive experi­
ments (where the nuclear final state 
has to be fully specified). Hall B's 
large-acceptance spectrometer is 
aimed at bias-free investigation of 
hadronic final states in inelastic el­
ectron scattering and detection of 
multiparticle final states. Hall C's 
moderate resolution high momen­
tum 6 GeV/c spectrometer, to­
gether wi th specialized second 
arms, will provide a diverse physics 
menu. Construction of a 3700 
square-metre building for work on 
experimental equipment has begun, 
while work for end-stations is 
scheduled to begin this spring. 

Some 700 people attended the 
dedication of CEBAF Center, the 
Laboratory's main administrative 
building, on 20 October. A new 
28-room guest house, contributed 
by the city of Newport News, is in 
use for collaboration members and 
other visitors. 

CEBAF's staff now numbers 
over 300 . Construction should be 
complete in 1993, wi th first phy­
sics in the fol lowing year. 

22 CERN Courier, March 199( 



The European Physical Society's Interdivi-
sional Group on Experimental Physics Con­
trol Systems (EPCS) spreads its wings. 
(Stop press - the National Accelerator 
Centre, Faure, South Africa, has just joined.) 

CONTROL SYSTEMS 
More for experimental 
physics 

The European Physical Society's In-
terdivisional Group on Experimental 
Physics Control Systems (EPCS) 

fnded 1989 on an optimistic note, 
welcoming its 30th member institu­

tion and having substantially en­
larged its range of activities. 

Since its foundation in March 
1986, the group has sponsored 
t w o major international confer­
ences on accelerator and large ex­
perimental physics control sys­
tems. A successful first meeting, 
organized by Berend Kuiper (CERN) 
and held in Villars-sur-Ollon in the 
Swiss alps in fall 1987, was fo l ­
lowed t w o years later by a larger 
event in Vancouver, organized by 
Don Dohan of the local TRIUMF 
Laboratory. 

In addition, the group has spon­
sored topical workshops and semi­
nars. A t a meeting at the European 

(Synchrotron Radiation Facility in 
t j renoble in January 1989, spe­
cialists considered the develop­
ment of a software ' toolkit ' to im­
plement the large number of appli­
cation programs required for mod­
ern accelerator controls. 

A suggestion was to adopt com­
puter assisted software engineer­
ing tools (CASE) for exchange of 
designs, and of entire packages. 
Such tools are gradually appearing 
on the market and facilitate colla­
boration in large software projects, 
both for large physics experiments 
(e.g. Aleph at LEP) and machine 
control systems (e.g. SPS-LEP). 

A seminar on CASE held at 
CERN last June fol lowed up the 
Grenoble application software kit 
workshop and aimed at introducing 
these ideas to centres unfamiliar 

wi th this methodology. A closed 
session covered licence policy and 
other financial matters wi th CADRE 
Technologies, the vendor of Team­
work, a specific CASE product. As 
a result CADRE has revised its poli­
cy towards the experimental phy­
sics laboratories and is offering 
particularly favourable conditions to 
European EPCS member institutes. 

A workshop on real-time sys­
tems for microprocessors, organ­
ized by J.F.Gournay (Saclay) and 
T.T.Luong (GANIL, Caen) in Cha-
monix, also in January of last year, 
surveyed currently available real 
t ime systems, including popular so­
lutions for experimental physics 
controls. The meeting showed how 
the demands of experimental phy­
sics are slowly moving towards a 
reduced spectrum of systems, and 
that manufacturers are making a 
real effort to develop compatible 
products. 

EPCS has also set up a Controls 
Protocols Committee, chaired by 
Guy Baribaud of CERN, to define 
standards for operating different 

families of devices, looking for 
common solutions. So far t w o 
working groups are investigating 
protocols for power converters and 
beam instrumentation, chaired 
respectively by Baribaud and Gian 
Paolo Benincasa, also of CERN, and 
have attracted good membership. 
The issues at stake have a strong 
economical impact: standard inter­
face, standard and hence more reli­
able software, more efficient main­
tenance, clear separation of res­
ponsibilities between controls spe­
cialists and device specialists, etc. 
This work is in conjunction with 
corresponding projects sponsored 
by CERN's Technical Board for Pro­
cess Controls and Electronics for 
Accelerators (TEBOCO). 

So far a consensus has been 
reached on a standard model des­
cribing the behaviour of power 
converters. The more recently 
formed instrumentation-oriented 
group has taken its first steps to­
wards defining a common protocol, 
and after an initial successful imple­
mentation at CERN, will look at the 
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A C C e l e r a t O r S c i e n t i S t S & E n g i n e e r s Argonne National Laboratory will be entering the 
construction phase of its 7-GeV Advanced Photon Source (APS) Project. The APS is a state-of-the-art synchrotron X-ray source 
optimized to produce insertion-device radiation. APS accelerator facilities comprise a 7-GeV low-emittance positron storage ring 
1100m in circumference, a 7-GeV synchrotron, a 450-MeV positron accumulator ring, a 450-MeV positron linac, and a 200-MeV 
electron linac. The challenges of building the facility offer great potential for professional growth for scientists and engineers in the 
following areas: 

Accelerator Scientists Several positions at various appointment levels are available for candidates with experience and 
interest in accelerator design, including computer simulation of beam dynamics, calculation of coupling impedance and collective 
effects, particle tracking simulation, lattice design, vacuum and surface physics, beam diagnostics, and magnetics and magnet 
design. 

Electrical Eng ineers Senior positions are available, requiring an advanced engineering degree and at least ten years' 
experience in design and construction of large particle accelerators. We also have several positions requiring a BSEE and a 
minimum of five years' experience in one of the following areas: 

• Design of power electronics • Multi-kilowatt power supplies • Low-level fast electronics 
• Beam diagnostics • RF power distribution systems 

Mechanical Engineers Senior-level positions are available, requiring an advanced ME degree and at least ten years' 
experience in the design and construction of large particle accelerators. We also have several openings requiring a BSME and a 
minimum of five , years' experience in one of the following areas : 

• Survey and alignment techniques • Ultra-high vacuum systems • Mechanical design of magnets 
• Shop fabrication practices • Geodetic science or photogrammetry 

Entry-Level • BS or MS, Electrical, Electronics, or Mechanical Engineers 
• Postdoctoral appointments with regular appointment review in one year 

You will receive a competitive salary and a superior benefits package for regular and postdoctoral positions. Please forward your 
resume in confidence to : Edward E. Smith 

Box J-APS/ASD-88, Employment & Placement 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne IL 60439 USA 

Argonne is an equal opportunity/affirmative action employer 

DIRECTOR 
NATIONAL INSTITUTE FOR NUCLEAR THEORY 

Appl icat ions and nominat ions are invited for the posit ion of 
Director of the recently establ ished Institute for Nuclear 
Theory at the University of Wash ington in Seatt le. The 
Institute is supported by the Department of Energy and the 
University of Washington. The Director will hold a tenured 
professorship in the Department of Physics. 

Appl icants must have a dist inguished record of research in 
nuclear theory, and abroad perspect iveon nuclearsc ience. 
The individual should also possess an ability to st imulate 
young researchers and have demonstrated leadership 
qual i t ies. 

The initial appointment as Director is for 5 years. Salary is 
c o m m e n s u r a t e w i th qua l i f i ca t i ons and e x p e r i e n c e . 
Nominat ions and appl icat ions, which will be treated as 
conf ident ial , should be sent to 

Dr Alvln L. Kwiram 
Senior Vice-Provost, AH-20 
University of Washington 
Seattle, WA 98195 
USA 

prior to 30 April 1990. 

The University of Washington is an equal opportunity, 
affirmative action employer 

The Experimental Physics Division has several 
vacancies for young 

PHYSICISTS 
in experimental particle physics research. 

Candidates must have a doctorate in particle physics 
and typically one or two years of postdoctoral research 
experience. 

They are expected to demonstrate originality and 
flair in research and make important contributions in 
several aspects of particle physics experiments from 
the conception and design to the analysis of data. 

Appointments will be of a fixed-term nature with an 
initial contract of three years which may be renewed 
once. 

Qualified candidates are invited to send a curriculum 
vitae to 

Dr James V. Allaby 
Leader of the Experimental Physics Division 

CERN 
1211 Geneva 23 

Switzerland 

quoting reference EP-RE-90. 
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protocol 's validity for other applica­
tions. 

Finally EPCS was able to assist 
the Joint European Torus (JET), in 
Culham UK, by loaning worksta­
t ions, donated by Digital Equipment 
Corporation and Hewlett Packard, 
to initiate a study on future JET 
controls. 

EPCS was conceived as the res­
ponse to a controls specialists' re­
quirement for a platform to ex­
change information, share experi­
ences and initiate studies and colla­
boration. As well as Western Eu­
rope, the 30 member Laboratories 
also cover Eastern Europe (USSR, 
Czechoslovakia), North America 
(US and Canada), and Asia (India, 
China, USSR, Iraq, Japan). 

From Axel Daneels 
(EPCS Chairman) 

DETECTORS 
Electronic detectors in 
medicine 

Twenty years ago, the develop­
ment by Georges Charpak's group 
at CERN of the multiwire propor­

tional chamber and the drift cham­
ber revolutionized particle detec­
t ion, bringing substantial improve­
ments in accuracy and response. 

Spinoff applications in other 
fields include the study of macro-
molecules using soft synchrotron 
radiation X-rays (March 1987, page 
7). A t the higher X-ray energies of 
conventional clinical radiography, 
the low absorption rate in gas-filled 
electronic detectors means that 
films still provide the optimal 
means of imaging large surfaces. 

However a group at the Soviet 
Novosibirsk Laboratory has devel­
oped a chamber filled with xenon 
at 3 bar and using wires oriented 
towards an X-ray source collimated 
by lead slits. A line image is taken 
in just 8ms, and a useful volume 
can be scanned in a few seconds. 
In this way the dose for a chest ra­
diography can be reduced to about 
3 mrem, a tenth of what is normal­
ly required, a major advantage for 
radiation-sensitive cases in pedia­
trics and gynaecology. 

In gamma-ray imaging, an elec­
tronic imaging camera developed at 
Houston has produced promising 
results, hinting at a much reduced 
radiation dose. Other efforts con­
centrate on picking up the scintilla­
tion from solids such as barium 

fluoride, thus combining the pho­
ton stopping power of a solid wi th 
the versatility of the electronic de­
tector (May 1984, page 141). 

Electronic detection techniques 
are also being developed for use in 
autoradiography, where the sam­
ples are labelled by an appropriate 
radioactive emitter. Wi th beta emit­
ters, where imaging traditionally re­
lies on f i lm, amplification of wire 
chamber signals has given some 
results. A new technique being in­
vestigated by CERN and Geneva's 
Cantonal Hospital uses an image-in­
tensified CCD camera to view the 
light emitted by electron aval­
anches in a multistep wire cham­
ber. Resolution is improved, al­
though still not as good as with 
f i lm, but information can be ga­
thered a hundred times faster and 
the formation of the image can be 
fol lowed continuously. 

Beta-ray radiography of a rat kidney (left) 
taken in 20 hours using a wire chamber 
viewed by an image-intensified CCD camera, 
showing tubules 50 microns across. Centre 
is the intensity distribution across the sam­
ple, with a pixel width of 40 microns. For 
comparison (right), is a conventional photo­
graphic image produced after three months. 
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S U P E R C O L L I D E R 
E N G I N E E R S Gr 

P H Y S I C I S T S 
The Superconducting Super Collider Laboratory has immediate 
openings for experienced Mechanical and Electrical Engineers, 
Engineering Physicists, and Computer Scientists to work on 
the design and development of "state-of-the-art" systems, 
equipment, and facilities for the 20 TeV particle 
accelerator. 

Qualifications and Experience 
Current engineering or software experience in Systems 
Design, Development, using the latest technologies. Proven 
ability and dedication to engineer long term projects, involving 
multiple technologies, from conception to completion. 
Experience with CAD and analytical engineering design 
programs used in your field. A BS, MS, or PhD in Mechanical 
Engineering, Electrical Engineering, Physics, Computer Science, 
or an equivalent degree and experience is required. Those with 
experience in particle accelerator systems and technologies 
are especially sought. 

Cryogenic 
Engineers 
Cryogenic Systems Design 
and Analysis, Component 
Design, Coldbox and Piping 
Design, Process Design, 
Process System Modeling, 
Process Control System En­
gineering, Cryogenic Instru­
mentation Systems, Cryo­
genic System Commissioning 
and Operation. 

Electrical 
Engineers 
Analog Circuits, High Power 
DC Power Supplies, High 
Voltage AC Power Distribu­
tion and Installation, Pulsed 
Power Circuits, High Per­
formance Feedback Systems, 
Instrumentation, Low Level 
and High Power RF Systems, 
Magnet and RF Structure 
Design. 

Physicists 
Accelerator Design, System 
Specification, Magnet and RF 
Structure Design, Theoretical 
Analysis, Project R&D 
Leadership, Computer Sim­
ulations, Applications Pro­
grams, Beam Instrumen­
tation Systems Design, Beam 
Transport Design. 

Engineering 
Physicists 
Particle Beam Instrumenta­
tion, RF Feedback Systems, 
Quench Protection Systems, 
Accelerator Systems Opera­
tion and Development, Mag­
net String Tests, Magnet 
Measurement Systems, Sur­
vey and Alignment Systems, 
and other accelerator related 
needs. 

Computer 
Scientists and 
Engineers 
Real Time Digital Control Sys­
tems, Interface Circuit De­
sign, High Speed Data 
Acquisition, Expert Systems, 
Network Design, Database 
Design and Management, Hu­
man Interface Systems and 
other related areas. 

Mechanical 
Engineers 
Magnet Structural and Sup­
port Systems, Vacuum Sys­
tems, LCW Cooling Systems, 
Survey and Alignment Sys­
tems, Welding Sytems, Heavy 
Equipment Transportation 
and Installation, Tooling and 
Hydraulics, and other related 
systems. 

Send complete resume with 
references and salary history to: 

S S C L a b o r a t o r y 
A t t n : S t a f f i n g a n d 
R e c r u i t i n g - A d / CC 

M S - 2 0 5 0 
2 5 5 0 B e c k l e y m e a d e A v e . 

S u i t e 1 2 5 
D a l l a s , T e x a s 7 5 2 3 7 

Super Collider 

High Energy Physics 
Research Associates 
There are vacancies for Research 
Associates to work with groups in the Parti­
cle Physics Department. Groups from the 
Rutherford Appleton Laboratory are work­
ing on experiments at CERN, DESY, ILL and 
SLAG. There is in addition a vacancy in the 
HEP Theory Group. 

Candidates should normally be not more 
than 28 years old. Appointments are made 
for 3 years, with possible extensions of up to 
2 years. RAs are based at the accelerator 
laboratory where their experiment is con­
ducted, and at RAL, depending on the 
requirements of the work. Most experi­
ments include UK university personnel with 
whom particularly close collaborations are 
maintained. 

For an application form please contact 
Recruitment Office, Personnel and 
Training Division, Rutherford Appleton 
Laboratory, Science and Engineering 
Research Council, Chilton, Didcot, Oxon 
0X11 OQX, England. Tel: (0235) 445435, 
quoting reference VN 758. 

^ ^^utherford Appleton Laboratory 

DESY in Hamburg 
has an opening for a Senior Scientist in theoretical 
elementary particle physics. 

A tenured position is offered with a salary equival­
ent to that of a full professor at a German university 
(C4). 

Applications and proposals for candidates should 
be sent before April 12, 1 9 9 0 to 

Prof. V. Soergel, DESY 
Notkestr. 85, D-2000 Hamburg 52 

Further information about the position in question 
can be obtained Prof, from V. Soergel. 
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People and things 

Ernest Courant. 

American Physical Society Prizes Nuclear Theory in Washington 

The American Physical Society's 
Prizes for this year include: the 
Tom W. Bonner Prize to Vernon 
Hughes of Yale for his contribu­
tions to fundamental measure­
ments, particularly using high ener­
gy polarized electron beams; the 
W.K.H. Panofsky Prize to Michael 
Witherell of UC Santa Barbara for 
his role in the detection and analy­
sis of charmed particles; the J.J. 
Sakurai Prize to Toichiro Kinoshita 
of Cornell for the formalism behind 
precision tests of quantum electro­
dynamics and electroweak theory; 
and the Robert R. Wilson Prize to 
Kjell Johnsen of CERN for his lead­
ing role in the design, construction 
and performance of CERN's Inter­
secting Storage Rings. 

An Institute for Nuclear Theory has 
been established at the University 
of Washington, with major funding 
from the US Department of Energy. 
The Institute will host 3-6 month 
programmes 0/3 topics of current 
interest in nuclear physics, empha­
sizing the relationships to exper­
imental physics and to neighbour­
ing disciplines, beginning with 
quarks in nuclei (March-June) and 
nuclear astrophysics (June-Septem­
ber). The director is counselled by 
a National Advisory Committee -
Gerald E. Brown (Stony Brook), 
Gordon Baym (Illinois), Torleif Eric-
son (CERN), Maurice Goldhaber 

On 6 February Polish President Wojciech 
Jaruzelski of Poland visited CERN, where 
he was greeted by Director General Carlo 
Rubbia (right). 

Ernest Courant retires 

brookhaven accelerator specialist 
Ernest Courant formally retired on 
1 January. Arriving at the Labora­
tory in 1947, he went on to make 
important contributions to the 3 
GeV Cosmotron, the world's lar­
gest particle accelerator when it 
came on line in 1952. In that year 
Courant, with Stanley Livingston 
and Hartland Snyder, proposed the 
strong focusing principle which re­
volutionized the design of high en­
ergy proton machines then on the 
drawing board at Brookhaven and 
at CERN, and went on to become a 
cornerstone of modern accelerator 
technology. He continues to be in­
volved in ongoing projects, includ­
ing Brookhaven's proposed RHIC 
heavy ion collider, and the US Su­
perconducting Supercollider (SSC). 
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US President's budget - funds for RHIC.... 

(Brookhaven), M. Gyulassy (Berkel­
ey), Franco lachello (Yale), Steven 
Koonin (Caltech), Art McDonald 
(Chalk River), John Negele (MIT) J. 
D. Walecka (CEBAF), Frank Wilc-
zek (Institute for Advanced Study, 
Princeton), and Lincoln Wolfenstein 
(Carnegie-Mellon). While a perma­
nent Director is being sought, the 
Institute's interim director is Ernest 
M. Henley. 

CERN School of Physics 

This year's CERN School of Phy­
sics, organized jointly by the Uni­
versity of the Balearic Islands 
(Spain), the Spanish Interministerial 
Commission for Science and Tech­
nology (CICYT) and CERN, will be 
held in Mallorca from 16-29 Sep­
tember. Its aim is to teach aspects 
of high energy physics at the most 
up-to-date level to young exper­
imentalists, mainly from CERN 
Member States. Emphasis is tradi­
tionally on theoretical physics, but 
this year will include a basic course 
on accelerator physics as well as a 
review of recent LEP results. Furth­
er information from Ms S.M. Tracy, 
1990 CERN School of Physics, 
CERN, 1211 Geneva 23, Switzer­
land, phone Geneva 767 2724, fax 
782 3011, or bitnet tracy at 
cernvm.cern.ch . Application dead­
line is 30 May. 

Lady Renie Adams, wife of the late Sir John 
Adams, cuts the cake at the 30th birthday 
party for CERN's PS proton synchrotron, 
built by John Adams' talented team in the 
1950s and still the kingpin of CERN's high 
energy particle beam system. With her, left 
to right; Gordon Munday, PS Division Leader 
1973-81; Peter Standley, Division Leader 
1965-72; PS pioneer Wolfgang Schnell; and 
Roy Billinge, Division Leader from 1982. 

(Photo CERN 436.12.89) 

Funding to start construction of 
Brookhaven's Relativistic Heavy 
Ion Collider (RHIC) has been in­
cluded in the budget proposal 
for fiscal year 1991 that Presi­
dent George Bush submitted to 
Congress on 29 January. 

Designed to provide colliding 
beams of heavy nuclei at ultra-
relatiyistic energies, RHIC has 
long been a high-priority initia­
tive of the US nuclear physics 
community. When completed, 
the two ring, superconducting 
collider will use the Tandem-
Booster-AGS complex at Brook­
haven as injector, and will collide 
beams of ion species throughout 
the periodic table, covering a 
wide range of energies. The top 
beam energy for gold ions will 
be 100 GeV/nucleon. If ap­
proved by Congress, the funding 
would provide a total of $397 

million for construction over six 
years. Roughly one-quarter of 
this total will go for detectors. 
The requested amount for fiscal 
year 1991 (beginning this Octo­
ber) is $ 15M for construction 
and an additional $6.8M for 
R&D. 

...and increased 
funding for SSC 
President Bush's budget request 
also includes $318 million for 
the Superconducting Supercollid­
er to be built in Ellis County, 
Texas, up some 40 per cent 
from the initial funding in the 
current financial year. $169 mil­
lion of this is earmarked for con­
struction work, the remainder to 
support research and develop­
ment, mainly for superconduct­
ing magnets. 
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W H O ' S A T T H E S O U R C E O F E N E R G Y F O R 
P A R T I C L E A C C E L E R A T I O N A N D F U S I O N ? 
Thomson Tubes Electroniques! 

W e ' r e a w o r l d class s u p p l i e r o f v e r y h igh e n e r g y 
s o u r c e s f o r pa r t i c l e a c c e l e r a t o r s a n d p l asma hea t ing . 
O u r i n n o v a t i v e t e c h n o l o g i e s a n d w o r l d w i d e capab i l i t y 
m a k e us t h e r i gh t p a r t n e r t o m e e t y o u r spec ia l n e e d s in 
t h e s e areas. 

W e have t h e e x p e r i e n c e a n d e x p e r t i s e t o des ign 
a n d m a n u f a c t u r e s o l u t i o n s t h a t p e r f e c t l y m e e t y o u r 
s p e c i f i c a t i o n s : f r o m t u b e s t o a m p l i f y i n g c h a i n s a n d 
c o m p l e t e t u r n k e y t r a n s m i t t e r s , as w e l l as w i n d o w s a n d 
o t h e r RF c o m p o n e n t s . O f c o u r s e , e v e r y s o l u t i o n 

bene f i t s f r o m a d v a n c e d T h o m s o n t e c h n o l o g i e s g u a r a n ­
t e e i n g high p e r f o r m a n c e , re l i ab i l i t y a n d l o n g l i fe. 

T h a t ' s w h y T h o m s o n T u b e s E l e c t r o n i q u e s has b e e n 
c h o s e n f o r s o m e o f t h e w o r l d ' s m o s t r e c e n t a n d 
d e m a n d i n g p r o j e c t s : LEP, JET, T O R E S U P R A , ESRF, 
A L S , L N L S . . . a n d o t h e r s . 

O T H O M S O N TUBES 
ELECTRONIQUES 
For additional information, mention code SC 

§ France: BOULOGNE-BILLANCOURT 
| Tel.: (33-1) 49092828 
| Fax: (33-1) 460452 09 
jjj Italie: ROMA 
< Tel.: (39-6) 6390248 
2 Fax: (39-6) 6390207 

Brasil: SAO-PAULO 
Tel.: (55-11) 5424722 
Fax: (55-11) 61 50 18 
Japan: TOKYO 
Tel.: (81-3) 2646346 
Fax: (81-3) 2646696 

Deutschland: MUNCHEN 
Tel.: (49-89) 78 79-0 
Fax: (49-89) 7879-145 
Singapore: 
Tel.: (65) 2843455 
Fax: (65) 28011 57 

Espana: MADRID 
Tel.: (34-1) 51945 20 
Fax: (34-1) 5194477 
Sverige: TYRES0 
Tel.: (46-8) 7420210 
Fax: (46-8) 742 8020 

Hong-Kong: WANCHAI 
Tel.: (852-5) 8653233 
Fax: (852-5) 86531 25 
United Kingdom: BASINGSTOKE 
Tel.: (44-256) 843323 
Fax: (44-256) 8429 71 

Inde: NEW DEHU 
Tel.: (91-11) 6447883 
Fax: (91-11) 6447883 
U.S.A.: T0T0WA, NJ 
Tel.: (1-201) 812-9000 
Fax: (1-201) 812-9050 



A NEW LEVEL OF VACUUM QUALITY 
.. .the new TURBOVAC 340 M with 

magnetic bearings 

In 1975, LEYBOLD introduced the world's 

first turbomolecular pump with magnetic 

bearings. 

New fields of application in research, de­

velopment and industry have now 

prompted further development of this 

pump concept. 

The result: The TURBOVAC 340 M. A rel i ­

able turbomolecular pump with mult ip le 

advantages: 

• maintenance-free • any mount ing pos i ­

t ion • highly compact • highly v e r s a t i U 

• completely hydrocarbon-free • l o V 

vibrat ion, low-noise • attractive price 

Interested? 

Give us a call. We'd be happy to provide a 

consultat ion: 

(0221) 3 4 7 - 1 4 4 2 / 1 2 4 2 

• LEYBOLD AG 

Bonner Strasse 498 

D-5000 Cologne 51 

• LEYBOLD AG 

Leutschenbachstrasse 55 

CH-8050 Zurich 

Magnetic bearing "System KFA-Julich" 
Patents and applications tor patents exist. 

Innovative Vacuum Technology Aoegussacompany 
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