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Mapping the early Universe 

NASA's Cosmic Ray Background Explorer 
(COBE) satellite in orbit 900 kilometres 
above the Earth's surface is providing aston
ishing new insights into cosmology. 

From its unique vantage point 900 
kilometres above the earth's sur
face, NASA's Cosmic Background 
Explorer (COBE) satellite has a privi
leged view of cosmic background 
radiation - the remnants of the ear
ly (radiation-dominated) Universe 
which fol lowed the Big Bang some 
ten Gigayears ago, and possibly 
some subsequent history. In this 
way astroparticle physicists get a 
first peek at the quantum cosmolo
gy which moulded the infant Uni
verse. 

The cosmic microwave back
ground radiation (CMB) was dis
covered in 1964-65 by Arno Pen-
zias and Robert Wilson working at 
Bell Labs, New Jersey, while inves
tigating noise problems in satellite 
communications systems. This 
faint signal, equivalent to the radi
ation emitted by a black body at 
about 3 degrees absolute, was in
terpreted as the distant rumblings 
of the Big Bang, opening a new 
chapter in cosmology and earning 
the Nobel Prize for Penzias and 
Wilson in 1978. 

Wi th the CMB signal confirmed, 
and, to a first approximation, ap
pearing isotropic, the challenge 
was to look hard at this faint foot
print for clues about the Big Bang. 
In addition, other relic radiation 
could show up at shorter wave
lengths, providing information on 
galaxy formation in the young Uni
verse. 

Blanketed by the atmosphere, 
earthbound measurements are re
stricted to a narrow wavelength 
w indow. A directional (dipole) ef
fect was discovered in 1977 in a 
detector carried by a high-flying air
craft and subsequently confirmed 
by balloon and satellite measure
ments. This could be due to the 
Big Bang having pointed some
where (a directional Hubble 'con
stant'), to matter inhomogeneities. 

to gravity waves, to a rotation of 
the Universe as a whole, or simply 
to a motion of our part of the Uni
verse relative to the rest of it. Dur
ing the 1980s new information 
from high-flying detectors sug
gested other spectral distortions. 

Launched by a Delta rocket in 
November 1989 into a near-polar 
orbit, the COBE satellite's detec
tors are designed to make a preci
sion CMB frequency analysis and 
to map the radiation over the entire 
sky to look for directional effects. 

Frequency analysis is the job of 
the Far InfraRed Absolute Spectro
photometer (FIRAS), cooled by li
quid helium to 1.5K in the same 
way as the US/UK/Netherlands 
IRAS InfraRed Astronomical Satel
lite. Covering a wide frequency 
range (in fact t w o ranges), FIRAS 
carries its own temperature-con
trolled black-body calibration 
source, the first t ime this has been 
done in flight. 

The CMB signal is consistent 
wi th a black body at 2.735 ± 
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• The spectrum of cosmic background radi
ation measured by COBE. The boxes are the 
data points and the curve is a black body at 
2.735K. 

• Six all-sky maps from preliminary COBE 
data (two at each of three wavelengths), 
with the plane of the Milky Way horizontal 

across the centre, showing the smooth vari
ation of background radiation temperature 
on opposite sides of the sky. This asymme
try, only one thousandth of brightness of the 
sky, is due to the Solar System's local 
movement. Radiation from the Milky Way is 
also visible across the central band, espe
cially at the lowest detector frequency. 

0.06K, wi th deviations of less than 
a per cent. These errors, due to 
uncertainties in the thermometer 
calibration, are being worked on. 

FIRAS actually counts the majori
ty of CMB photons, providing a fix 
on the photon content of the Uni
verse to within 5 per cent, a useful 
new reference for cosmologists. 
Wi th little room left for deviations 
f rom a black-body spectrum, the 
door practically closes on other pri
mordial cosmology. For example a 
17 keV neutrino, a particle much in 
the news recently (April, page 9), 
should decay either inside a few 
days or last longer than 1 0 1 2 

years. 
COBE's radiation mapping is car

ried out by six Differential Micro
wave Radiometers (DMR), two 
operating at each of three frequen
cies where the CMB is at least a 
thousand times bigger than fore
ground galactic radiation. Monitor
ing at a number of frequencies 
moreover enables the galactic sig
nals to be subtracted, and wi th the 
spacecraft's motion giving good 
coverage of the sky, results in a 
unique precision CMB picture. 

The initial most striking effect in 
the data collected over six months 
is the extreme uniformity of the 
signal. However close analysis re
veals a slight (a thousandth of the 
total brightness) but nevertheless 
smooth variation f rom one side of 
the sky to the other. Radiation from 
the Milky Way is also clearly visi
ble. 

The anisotropy can be totally ac
counted for by the Solar System 
moving towards Virgo at about 
370 kilometres per second, and 
subtracting the dipole effect due to 
such motion shows that the Big 
Bang was smooth to at least one 
part in 25 ,000 . No other directional 
effect is called for. 

As well as underlining the validi-
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ty of the Big Bang picture, this 
Great Uniformity is in itself a major 
cosmological result, providing sig
nificant new limits on the dynamics 
and physical processes in the infant 
Universe. 

The third major COBE detector is 
looking for signs of another kind of 
cosmic background radiation. The 
Diffuse Infrared Background Experi
ment (DIRBE) looks in the 1-300 
micron band for radiation f rom gal
actic evolution - signals not as old 
as the CMB, coming f rom the first 
formation of luminous objects. 

Although this radiation density 
could be comparable to that of its 
older microwave counterpart, it 
would inevitably be masked by 
bright foreground signals f rom our 
own Galaxy and from solar system 
dust, even wi th a cryogenic detec
tor outside the Earth's atmosphere. 

Initial DIRBE scans show the ex
pected character of the infrared 
sky, including patchy cirrus seen by 
IRAS. As well as searching for 
background infrared radiation, this 
detector will provide invaluable in
formation on interplanetary and in
terstellar dust. 

Wi th its detectors improving 
their coverage of the sky, COBE's 
new insights will continue to shed 
new light on the innermost secrets 
of the Universe. Meanwhile wi th 
the Hubble Space Telescope not as 
badly handicapped as originally 
feared for its surveys in the visible, 
ultraviolet and near-infrared re
gions, and with the new Gamma 
Ray Observatory now deployed, 
satellite astronomy promises a new 
wide-angle view of the Universe. 

From information supplied by 
George Smoot, Lawrence Berkeley 
Laboratory. 

OPAL A fish-eye view of the OPAL detector along 
the beamline direction of CERN's LEP elec
tron-positron collider. Centre is the rear side 
of the pole-tip hadron calorimeter with the 
cables of the end-cap lead-glass detector 
passing through the hole where the mini-
beta quadrupole is normally situated. The 
photograph, taken during a shutdown when 
the detector was open, shows, left and 
right, the two arrays of the barrel lead-glass 
counters. 

(Photo CERN 343.4.89) 

The kernel of the OPAL (Omni Pur
pose Apparatus for LEP) collabora
tion at CERN's LEP electron-posi
tron collider came from the JADE 
(JApan, Deutschland, England) ex
periment at the lower energy PE-
TRA electron positron collider at 
DESY, Hamburg. The name of a 
semi-precious stone is a reminder 
of the JADE tradition, while the 
spelled-out version conveys versa
tility. 

Three successful JADE ele
ments, the Jet Chamber, the lead-
glass calorimeter and the muon 
drift chambers, were used as mod
els for OPAL. The Jet Chamber is a 
pictorial drift chamber, 4 metres in 
diameter and 4 metres long. In ev
ent display pictures the Jet Cham
ber tracks give a very vivid impres

sion of what is going on, while 
many other pieces have been ad
ded to make a detector much more 
flexible and comprehensive than 
JADE ever was. 

By the time the OPAL technical 
proposal was accepted in 1982 the 
original JADE collaborators had 
been outnumbered by the rest, in
cluding survivors f rom unsuccessful 
bids for LEP experiments. OPAL 
had also developed its characteris
tic way of taking decisions - very 
democratically, after long and ex
haustive debate. A CERN collabora
tion is not an industrial consortium 
- there is no binding contract com
pelling any of the more than twenty 
groups to obey spokesman Aldo 
Michelini. W e cooperate because 
that is the only way to get results. 
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A three-jet event as seen in OPAL. The 
emerging muon (top right) strongly suggests 
a quark jet, its companion being the bottom 
jet, tagged by its high energy (wide opening 
angle). The top left cluster is thus probably 
due to gluon radiation. Such events enabled 
the OPAL collaboration to make an early ac
curate determination of the quark-gluon in
teraction strength (alphas). 

This is the third in the CERN 
Courier's series of articles on 
the four big experiments - Al-
eph, Delphi, L3 and Opal - at 
CERN's LEP electron-positron 
collider. Data-taking started 
soon after LEP became opera
tional in July 1989, and after 
a five-month run last year, the 
experiments are aiming in this 
year's run, which lasts until 
November, to substantially in
crease their data samples. Be
cause of the long lead times 
involved in today's major 
physics undertakings, these 
four experiments already have 
a decade of history behind 
them. For Aleph, see Janua
ry/February, page 1; Delphi, 
November 1990, page 1. 
L3's decade will be covered 
in a forthcoming issue. 

Everyone, f rom youngest student 
to oldest professor, can speak up. 
Since young students and post-
docs do a lot of the work it does 
no harm for them to be in on the 
debate. Some individuals learn how 
to get their own way whatever the 
decision-making process - one key 
figure made sure that the physics 
programme in the Technical Propo
sal was to his liking by keeping the 
discussion going until 11.30 at 
night, when all the younger mem
bers of the editorial committee 
were worn out! 

Sub-group culture in OPAL varies 
widely. Some groups are highly di
sciplined, rarely represented at any 
meeting by more than one mem
ber. A t the other extreme is the 

independence of the young CERN 
fel lows, who may all decide to turn 
up at the same meeting to repre
sent themselves. 

We had two magnet coil de
signs, both from the late Mario 
Morpurgo of CERN. The collabora
tion wanted a superconducting coil 
but was overruled by CERN man
agement after the technical propo
sal had been accepted, the idea be
ing that one of the three experi
ments wi th solenoid magnets 
should start wi th a normally con
ducting coil, in case the cryogenics 
in Aleph and Delphi should prove 
troublesome. We have now run for 
two years wi th the normal coil wi th 
great success, but the supercon
ducting design is still available if 

needed (and if someone will pay 
for it!). 

Aleph and Delphi both use Time 
Projection Chambers (TPCs) for 
central tracking. The biggest ad
vantage of Opal's Jet Chamber is 
that it collects all the drifting 
charge f rom its tracks within 10 
microseconds, fast enough to use 
the information in a track-trigger to 
select interesting events before the 
next LEP electron-positron beam 
crossing (within 22.5 microse
conds). 

Another curious difference be
tween OPAL and the other LEP ex
periments is its main control room, 
100 metres down, in the exper
imental cavern. W e had planned to 
have a control room on the sur-
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A view of the 2-layer silicon microvertex de
tector recently installed in OPAL. 

face, like everyone else, but the 
rush startup in August 1989 meant 
that we had to do everything 
downstairs, even writ ing output 
tapes direct f rom the data-analysis 
crates. Wi th t ime, the computer 
room on the surface took over that 
task, as well as doing immediate 
offline reconstructions. But the 
downstairs control room is a much 
better place for monitoring equip
ment and we kept delaying the 
transfer of main shift personnel to 
the surface. Now that most safety 
checks can be done by computer 
the number of people needed for a 
shift has been reduced, so we find 
it more efficient to keep them all 
downstairs - where the safety shift 
can see what the physics shift is 
doing, and the physics shift can 
back up the safety people in any 
emergency. 

From the outset, we were desig
nated as the 'safe experiment', the 
one sure to work f rom the start, 
and this judgement has motivated 
the collaboration ever since to 
avoid being seen as 'safe but dull ' . 

W e were meant to and duly 
were the first experiment to see Zs 
at LEP, and performance on central 
physics topics such as the line-
shape of the Z and pushing up the 
mass limit on the Higgs boson has 
been sharply competit ive. Quick-
off-the-mark young OPAL physi
cists have also contributed pioneer
ing analyses - the first LEP meas
urement of the quark coupling con
stant (alpha-s), deduced f rom the 
fraction of three-jet events signall
ing radiation of hard gluons from f i 
nal state quarks (using the tried 
and tested 'JADE jet analysis 
method') ; and early results on hard 
photon bremsstrahlung f rom 
quarks. 

For 1991 OPAL's competit ivity 
has been extended wi th the first 
stage of a silicon microvertex de

tector to reconstruct events con
taining short-lived particles such as 
beauty mesons. 

An effective democracy must 
have an executive arm as well as a 
parliament. OPAL's coordinators 
are the people who get things 
done. After lengthy policy debates 
on the microvertex detector, one 
small group was left to get on wi th 
it - working intensely throughout 
the winter to meet the installation 
coordinator's deadline. 

Run coordinators define the 
short-term programme, organize 
underground shifts and 'choose vo
lunteers' to get the best data f rom 
every run. The online coordinator 
has to be sure that every subdetec-
tor will read out into the common 
event builder. The offline coordina
tors organize parallel shifts to put 
data through the latest versions of 
the reconstruction programmes 
and release events for physics ana
lysis. 

OPAL coordinators are rarely 
group leaders - some are CERN 

staff, some are f rom outside 
groups. Most are based in CERN, 
for obvious reasons - although the 
coordinator of the simulation pro
gram for the detector manages to 
handle his code by remote control. 

Groups have great freedom to 
choose their physics analysis to
pics. Inevitably those who built the 
muon detectors tend to specialize 
in physics involving muons, elec
tromagnetic calorimeter experts 
spend some of their t ime on elec
tron and gamma-ray channels, etc. 
But no topic is the property of any 
one group, and a number of parallel 
analyses of the same data will oft
en be going on, some at CERN, 
some in the home laboratories. A 
single analysis team is unlikely to 
be bigger than six people, often 
just one PhD student wi th his su
pervisor, but all teams report regu
larly to a 'working group' which re
views progress and coordinates 
presentation of results. 

Just as decisions on installing 
and running the detectors are ar-
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Around the Laboratories 

rived at by consensus rather than 
by executive order, so decisions on 
publications are debated very op
enly. An analysis, before approval 
for publication, must first be pre
sented at an OPAL weekly meeting 
at CERN. Then a draft will be circu
lated to every institute in the colla
boration, although it can be hard to 
get all the illustrations for a meaty 
piece of work to all the outside lab
oratories in time for everyone to 
comment. Nobody's text is 'r ight' 
until an 'editorial board' , wi th at 
least two people wi th no direct 
hand in that particular piece of 
work, has gone over the draft. In a 
final 'public reading' objectors must 
'speak now or forever hold their 
peace'. Nevertheless there have 
been 34 OPAL papers and letters 
submitted to journals (as of 8 Apri l 
1991), wi th two or three new ones 
coming out each month. 

The collaboration is still growing. 
T w o major new groups have joined 
in the past year, bringing expertise 
and hardware to assist in the online 
and offline data-analysis. And the 
physics programme continues to 
advance. OPAL looks forward to 
lots more Zs as the luminosity of 
the machine is increased and to the 
greater sensitivity to subtleties of 
the theory wi th polarized beams. 
Most of all we look forward to the 
next great energy threshold and 
studying the production of W pairs. 
Whatever the challenge, the Omni 
Purpose Apparatus for LEP will be 
ready. 

By David Miller 

BERKELEY/ 
STANFORD 
B factory plans* 
For the past several years, acceler
ator physicists at Lawrence Berkel
ey Laboratory (LBL) and the Stan
ford Linear Accelerator Center 
(SLAC) have been involved in the 
design of an Asymmetric B Factory 
to be sited in the tunnel of the PEP 
electron-positron collider at SLAC. 

This effort comes from a sug
gestion by LBL's Deputy Director 
Pier Oddone that a high-luminosity 
electron-positron collider wi th un
equal beam energies would open 
up exploration of CP violation wi th 
B particles (containing the heavy 
'beauty' or 'b ' quark - s6 far CP 
violating studies have been limited 
to the neutral kaon system.) 

The combined violation of parti-
cle-antiparticle (C) and mirror reflec
tion (parity - P) symmetries was 
discovered by V. Fitch and J . Cron-
in at Brookhaven in 1964. A l -

*A description of Cornell's B factory plans 
will appear in the next issue. 

though it is intimately related to a 
six-quark picture, the phenomenon 
has never been explained, and new 
information could lead to important 
advances in understanding. 

Capitalizing on recent advances 
in detector technology and new in
formation on the properties of the 
b quark, it is now widely accepted 
that such an asymmetric collider 
offers a good platform for an in-
depth study of CP violation. This 
was endorsed last year by the US 
High Energy Physics Advisory Pa
nel (HEPAP) through the delibera
tions and recommendations of its 
1990 subpanel, headed by Frank 
Sciulli, on the US high energy phy
sics research programme for the 
1990s (July/August 1990, page 
4). 

The design effort was initiated in 
early 1989, when a group of accel
erator and particle physicists f rom 
Caltech, LBL, SLAC, and the Uni
versity of California began looking 
at the idea of an asymmetric elec
tron-positron collider based on an 
upgrade of the PEP ring at SLAC. 

SLAC/LBL/LLNL B FACTORY 

Schematic of the proposed B Factory at 
Stanford, fed by the two-mile linac and us
ing the existing PEP electron-positron ring. 
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Driftchamber 

o 
100MHz Digitizer System Digitizer System 

DL363 
FADC ; Front-End Front-End 

; Module Module 

DL357 
SIM 

STR610/CBV STR725 '//////////////////, '//, STR8032/ 
or N '' ' ' ' ' VME/VSB y///////////'//////, y,'. STR725 

\ xxxxxxxxxxxxxxxxxxxxx CVI Coupler ''//, 
STR725 

'//, '/////J^k////, '//////////////////,'//, 

DL363 = Flash-ADC Module 
DL 357 = Scanner + Interface Module 
STR 610/CBV = CBV CAMAC to VSB Interface 
SIR 725 = VME/VSB Coupler 
STR 8032 = Modular VXI Resource Manager 
STR 723 = Differential VSB Extension 

to other FB Crate Segments 

STR 330/CPU = CHIPS/FASTBUS Processor Module 
STR 330/VSB = Interface between CHIPS and 

the VMEbus World 
STR 400 = FASTBUS Segment Interconnect 
VDB = VSB Differential Bus up to 50 m 

l_y=nlln=LLI 
More than a good link 

Elektronics for High Energy Physics 
and Industry 
D - 2000 Tangstedt, Backerbarg 6 
Tel. (04109) 55-0 
Fax (04109) 55-33, Tx. 2180715 tegs d 
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A parallel study looked at the 
physics capabilities and the lumi
nosity (collision rate) required for a 
broad-based programme aimed at 
understanding the origins of CP 
violation. 

This work indicated that, wi th 
appropriate care, PEP could be up
graded to achieve the required lu
minosity of 3 x 1 0 3 3 per sq cm per 
s. In November 1989 the SLAC Ex
perimental Program Advisory Com
mittee agreed that the B Factory 
program was indeed very compell
ing and encouraged the Directors 
of SLAC and LBL to move f rom a 
feasibility study to a conceptual de
sign phase. 

This culminated in February wi th 
the publication of a Conceptual De
sign Report. The effort has been 
headed by Jonathan Dorfan at 
SLAC, wi th the collider design ac
tivity coordinated by Andrew Hut-
ton f rom SLAC and Michael Zisman 
from LBL. SLAC and LBL have a 
long and successful history of de
sign, construction, and operation of 
electron-positron storage rings -
the original PEP project was a joint 
endeavour of the two Laboratories. 
Recently Lawrence Livermore Labo
ratory has joined the collaboration, 
and is now a full partner in the pro
posal. 

The Asymmetr ic B Factory col
lider described in the Conceptual 
Design Report is a machine that is 
both responsive to the physics 
needs and conservative in its ap
proach to high luminosity. It con
sists of two independent storage 
rings, one atop the other in the 2.2 
kilometre circumference PEP tun
nel. The high energy ring, which 
would store a 9 GeV electron 
beam, is an upgrade of the existing 
PEP collider, reutilizing all the PEP 
magnets and incorporating a cop
per vacuum chamber (patterned 
after that used in the HERA elec

tron ring at DESY) and a new 
room-temperature radiofrequency 
system capable of supporting a 
stored beam of very high current. 

The low-energy ring, to store 
3.1 GeV positrons, would be new, 
taking advantage of many of the 
machine component designs that 
have already proved successful at 
PEP. 

The collider is designed initially 
for head-on collisions, the configu
ration successfully employed on 
existing machines. Although the ini
tial plan has a single interaction re
gion, it would be possible to up
grade the design to include a se
cond interaction region - and 
therefore a second detector - if re
quired. 

The technique to attain the re
quired luminosity is to U S Q , in each 
ring, high circulating currents (ap
proximately 2 A) separated into 
more than 1600 bunches. In this 
way the parameters of individual 
bunches (current, length, emit-
tance, etc.) are quite conventional. 
Thus the challenges in the design 
are restricted to the high-current 
and multibunch goals. These are 
mainly engineering challenges and 
- although by no means easy - are 
amenable to standard techniques. 

SLAC has the world 's most 
powerful positron injector, and the 
availability of the large PEP tunnel 
greatly eases the problems of han
dling the intense synchrotron radi
ation emitted by the high-current 
beams. Moreover the parameters 
of the B Factory high energy ring 
match almost perfectly those of 
PEP, so that the project would ben
efit f rom the existing infrastructure 
wi th no major civil engineering re
quired on the SLAC site. 

The programme of CP violation 
studies envisioned for the Asym
metric B Factory has great discove
ry potential; should the measure

ments disagree wi th today's Stan
dard Model, the observed effects 
will provide substantial and specific 
clues as to how the model should 
be extended. 

In addition, the collider would 
host a very exciting and broad-
based programme of heavy quark, 
tau lepton and two-photon physics. 
As a result, the Asymmetr ic B Fac
tory would be ideal for training 
young physicists, and it is antici
pated that more than 200 PhD 
theses would be completed during 
the programme's estimated 15 
year lifetime. 

A t present, more than 150 PhD 
physicists are involved in develop
ing the physics arguments and in 
designing an appropriate detector. 
This group includes investigators 
f rom more than 20 US institutions, 
as well as f rom Canada, Europe, 
Japan, and Israel. It is anticipated 
that a US B-physics community 
reaching 250 PhD physicists would 
ultimately be accommodated at 
such a national facility. 

The US Department of Energy 
has just completed a full review of 
the technical feasibility, cost, 
schedule, and management for the 
project and has confirmed its readi
ness for a fiscal year 1993 (Octo
ber 1992) starting date. 

CEBAF 
Injector test reaches 
25 MeV 
On 25 April electrons were acceler
ated through a superconducting 
eight-cavity cryomodule in the tun
nel of the Continuous Electron 
Beam Accelerator Facility (CEBAF) 
at Newport News, Virginia. The 
beam was taken from 5 to 25 
MeV, the design energy for this 
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Initial superconducting equipment is now 
operational for the Continuous Electron 
Beam Accelerator Facility (CEBAF), Newport 
News, Virginia. This 5-MeV injector section 
- electron gun cage (rear), room-tempera
ture section, 5-Me V quarter-cry omodule -
with its two superconducting cavities, oper
ated in the tunnel on 30 March. Not shown 
is the 20-MeV cry omodule downstream 
which reached 25 MeV in April. 

portion of the CEBAF injector. 
First superconducting accelera

tion in the tunnel had been 
achieved on 30 March, when suc
cessful operation of the injector's 
initial 5 MeV quarter-eryomodule, 
equipped wi th a twin supercon
ducting cavity, began CEBAF's in
jector systems test of permanently 
installed components. 

Detailed measurements are being 
made of electron beam properties 
as the test 's 25 MeV phase contin
ues. Wi th the addition later of a se
cond cryomodule, the test will pro
ceed to 45 MeV, the full CEBAF in
jection energy. 

Injector systems are nearly iden
tical to those being prepared for 
the full 4 GeV recirculating acceler
ator. 

DESY 
HERA pause 

After an initial taste of protons 
(May, page 27), commissioning of 
the 6.3-kilometre HERA electron-
proton collider ring at the DESY 
Laboratory, Hamburg, switches to 
electrons. In parallel, the quench 
protection system for the super

conducting proton ring will undergo 
high current testing. 

During the initial proton run, 
single 40 GeV bunches regularly 
coasted round the superconducting 
ring for some 30 minutes. 

These protons originate from the 
50 MeV linac, supplying 6 mA of-
negatively-charged hydrogen ions 
which are stripped of their elec
trons before injection and accumu
lation in the DESY III proton ma
chine, where about half of them 
survive being ramped to 7.5 GeV. 

The next link in the injector chain 
is the PETRA ring, where 70 
bunches at 10% of design intensity 
have been stored and taken to 40 
GeV, ready for HERA injection. But 
these are still early days. 

The electron ring was ramped to 
27.5 GeV in November 1989. For 
its next run, it wil l have a damping 
system, similar to that used in PE
TRA, and 16 four-cell 500 MHz su
perconducting cavities to boost the 
electrons to 30 GeV. 

After initial tests with protons in the super
conducting ring (above), commissioning of 
the 6.3-kilometre HERA electron-proton col
lider ring at the DESY Laboratory in Ham
burg switches to electron beams. 
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We supplied the shieldings for: 

• the LEP-ring at CERN, Geneva, made of lead with metal
lic bonding to the aluminium chambers 

• the HERA-ring at DESY, Hamburg, made of lead profiles 
and components which were placed on the copper 
chambers. 

Lead-lined chambers for LEP-ring, CERN 
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Layout of the proposed 3.3-kilometre Main 
Injector Ring at Fermi lab, to feed the super
conducting Tevatron. 

FERMILAB 
Main injector update 
The Fermilab Main Injector (FMI) is 
the centrepiece of Fermilab's initia
tive for the 1990s, known as Fer
milab III. The goal of Fermilab III is 
to ensure discovery of the sixth 
' top ' quark in the present decade 
assuming our understanding of 
nature as described by the Stan
dard Model is correct, to provide a 
factor of t w o increase in the mass 
scales characterizing possible ex
tensions to the Standard Model, 
and to support new initiatives in 
neutral kaon and neutrino physics. 

In order to reach these goals 
Fermilab is planning to attain by 
mid-decade a luminosity in excess 
of 5 x 1 0 3 1 per sq cm per s in the 
Tevatron proton-antiproton collid
er, supported by a new 150 GeV 
accelerator, the Fermilab Main In
jector. 

The concept of the FMI has been 
developed over the last several 
years. A Conceptual Design Report 
was prepared and submitted to the 
US Department of Energy (DoE) in 
January 1990, accompanied by a 
request for a Fiscal Year 1992 con
struction start. 

In response to identification of 
the FMI as the highest priority con
struction project in the 1990s ' 
'base programme' by the DoE's 
High Energy Physics Advisory Pa
nel (HEPAP - July/August 1990, 
page 4) initial funding for the pro
ject at the level of $ 4 4 million is in
cluded in the Fiscal Year 1991 DoE 
Congressional Budget Request. An 
initial attempt by the Office of Man
agement and Budget to strike out 
the item was overruled after skillful 
maneuvering. 

Total project cost is estimated at 
$197 million wi th construction ex
tending over 51 months. Construc

tion will require a seven-month hia
tus in accelerator operations start
ing in the Spring of 1995. 

The Main Injector is specifically 
designed to carry out much more 
efficiently the support functions 
currently being provided by the 
Main Ring - the original 400 GeV 
Fermilab accelerator. Through the 
1970s the Main Ring was Fermi
lab's primary high energy physics 
machine, however wi th the con
struction of the superconducting 
Tevatron in the early 1980s, the 
Main Ring was reconfigured to sup
port the Tevatron proton-antipro
ton collider and fixed-target pro
grammes. 

This reconfiguration included the 
addition of (vertical) overpasses 
around the t w o interaction regions, 
and the addition of several new ex
traction areas required for opera
tions with antiprotons. This re
duced the available aperture in the 
Main Ring to the extent that today 
the Main Ring represents the pri
mary bottleneck in the delivery of 
high intensity proton and antipro-

ton beams to the Tevatron, and in 
the delivery of protons onto the an-
t iproton production target. Con
struction of the Main Injector will 
remove this bottleneck once and 
for all. 

The Main Injector will be con
structed tangentially to the Teva
tron in a separate tunnel on the 
southwest corner of the Fermilab 
site. It will be roughly half the size 
of the existing Main Ring yet will 
boast greatly improved perfor
mance, producing about seven 
times as many antiprotons per hour 
as are currently possible using the 
Main Ring and delivering five times 
as many protons to the Tevatron 
(at least 3 x 1 0 1 1 protons/bunch 
for collider operations). 

Additionally, the Main Injector 
will allow very intense proton 
beams (3 x 1 0 1 3 protons every 2.9 
seconds wi th a 3 3 % duty factor) 
for use in state-of-the-art studies of 
CP violation and rare kaon decays, 
and for experiments designed to 
search for transmutation between 
different neutrino generations. Low 
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Radiochemical separation apparatus for the 
SAGE solar neutrino experiment in the So
viet Baksan Laboratory in the Caucasus 
Mountains. Construction is now underway 
for another detector using 3000 tons of 
perchloroethylene. 

intensity proton beams emanating 
f rom the Main Injector will support 
test and calibration work for the 
development of new detectors de
vices both at Fermilab and at the 
SSC Superconducting Supercollider 
to be built in Ellis County, Texas. 

In contrast to the present situa
tion at Fermilab, simultaneous anti-
proton production and Main Injec
tor slow spill operation will be 
possible under normal circum
stances, as will simultaneous Main 
Injector and Tevatron fixed target 
operations. 

Development work on the new 
dipole magnet required for the 
Main Injector was initiated in Octo
ber 1989. The first full-scale proto
type was built at the Fermilab 
Technical Support Section's Con
ventional Magnet Facility and deliv
ered to the Magnet Test Facility 
last September. Measurements in
dicate that this magnet gives the 
required field quality. A second 
generation prototype will soon be 
ready for testing. 

Fermilab has, since its inception 
under founding Director Robert 
Wi lson, attempted to blend in wi th 
the existing environment. Every ef
fort is being expended to continue 
this tradition in the planning for the 
Main Injector. A major activity over 
the past year has been, and will 
continue to be, the study of design 
enhancements which minimize any 
negative environmental impacts, 
and the preparation, wi th state and 
federal agencies, of the required 
environmental documentation and 
permit applications. This effort has 
been largely funded through the 
State of Illinois Technology Chal
lenge Grant Program. An Environ
mental Assessment has been pre
pared and forwarded to the DoE 
for approval, and the required per
mit application for construction has 
been fi led. 

I f jrs> v " " 

BAKSAN 
Solar neutrino 
telescope 
Until all its surrounding mysteries 
have been solved, neutrinos will re
main a major particle physics re
search preoccupation, wi th new 
projects forging ahead all over the 
wor ld. 

In February, a major milestone 
was passed for a major new pro
ject in the Soviet Union when two 
horizontal tunnels under Mt. Andyr-
chi in the valley of the North Cau
casus met at the point where a 
new underground Laboratory is to 
be constructed. It will house a neu
trino telescope using 3000 tons of 
perchloroethylene, with neutrino in
teractions picked up by looking for 
transformations of chlorine atoms 
into argon. 

The original such experiment, led 
by Ray Davis, uses 615 tons of 
this substance and has been in 
operation for more than 20 years in 
a South Dakota mine. 

The new Baksan chamber will be 
18 m high, 18 m wide and 54 m 
long. It is a further step in the neu

trino physics and astrophysics pro
gramme of the USSR Academy of 
Sciences' Institute for Nuclear Re
search, supported by the state high 
energy physics programme. 

Baksan is already the scene of a 
300- ton Large Scintillator Tele
scope, operational since 1978, and 
the SAGE gallium-germanium tele
scope which began operations last 
year (June 1990, page 16) wi th 30 
tons of gallium, now uprated to 60 
tons. Several double-beta decay 
detectors are also busy. 

The large Baksan chlorine detec
tor, scheduled to begin operations 
in 1995, will provide a useful com
plement to the classic Davis study, 
which discovered that the solar 
neutrino activity on the Earth's sur
face is only a fraction of that ex
pected by standard solar calcula
tions (May, page 17). 

This 'solar neutrino puzzle' will 
come under renewed scrutiny wi th 
new data f rom the new generation 
of solar neutrino studies, including 
Super-Kamiokande in Japan (May, 
page 9), SNO in Canada (Janua
ry/February 1990, page 23), 
SAGE, and Gallex in the Italian Gran 
Sasso Laboratory January/Februa
ry, page 10). 
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At CES, we know how to join 
the state of the art to the tradition: CAMAC 

1 VICbus 
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A view of the Soudan 2 detector in its un
derground Laboratory in Minnesota. The de
tector modules, stacked 2 high and 8 
across, will fill the end of the specially built 
cave 700 metres below the surface. In the 
foreground are some modules under test. 
Some 144 modules are now operational, 
and the number will grow to 240 over the 
next two years. 

SOUDAN 
UK contribution 
complete 

Construction of the UK contribution 
to the Soudan 2 underground pro
ton decay detector was recently 
completed at Oxford and the Ru
therford Appleton Laboratory 
(RAL). 73 4.3-ton drift calorimeter 
modules have been built over the 
past four years, most being now 
operational at the Soudan Labora
tory in Minnesota. 

Construction will continue in the 
US for the next t w o years to bring 
the detector to its design size of 
240 modules and 1030 tons. An 
Argonne/Minnesota/Tuf ts /Ox-
ford/RAL collaboration, the new 
detector aims to provide a new 
precision search for proton decay 
which would hint at an underlying 
Grand Unified Theory linking the el-
ectroweak picture wi th the quark 
interactions of strong nuclear inter
actions. 

The 30-ton Soudan 1 detector 
began operations in 1981 and has 
only recently been switched off. It 
soon became too small to be com
petitive for proton decay, but has 
continued to take data on cosmic 
ray muons. For Soudan 2, Argonne 
and RAL are providing the 240 
4.3-ton modules for the full detec
tor. Minnesota and Oxford provide 
module components while Tufts is 
building an outer shield to tag cos
mic ray muons. 

Operation began in autumn 1988 
when the first 250 tons was in-

A low energy neutrino interaction producing 
three tracks in the Soudan 2 Detector. The 
upper pair are electron showers from gam
ma-rays coming in turn from the decay of a 
neutral pion (effective mass 187 ± 77 
MeV). The lower track is a muon or pion of 
momentum about 150 MeV. The recoil nu
cleus is not visible. 
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stalled and has continued while 
new modules are added at the rate 
of about 50 tons every t w o 
months. Currently 650 tons are 
taking data. As well as proton de
cay, physics objectives include 
searches for neutrino oscillations, 
magnetic monopoles, and astro
nomical sources of muons, as well 
as studying multiple muon signa
tures to probe cosmic ray compo
sition. 

Soudan is an old iron mine 
owned by the Minnesota Depart
ment of Natural Resources and is 
open to tourists during the sum
mer. Conditions are good for un
derground physics, wi th the rock 
dry, solid and free of noxious 
gases. A new cavern 80x15x12 
metres was excavated 700 metres 
below the surface specifically for 
the new experiment, which will 
take up about a third of the space, 
the rest being available for more 
proton decay modules or additional 
experiments. A small double-beta-
decay search is also running. 

The calorimeter, a tracking de
vice recording trajectories as well 
as measuring deposited energy, is 
primarily composed of corrugated 
steel sheets stacked vertically, the 
intervening drift channels thus 
formed being filled wi th conducting 
plastic drift tubes. Each module 
uses 240 steel sheets stacked to a 
height of 2.5 metres. Large propor
tional wire chambers mounted on 
opposite sides of the stack pick up 
the ionization electrons f rom the 
drift tubes. 

The design, wi th good coverage 
and clean signals, gives improved 
particle identification, and comple
ments the information f rom other 
proton decay searches, probing 
possible decay channels currently 
masked by background in other ex
periments. 

The calorimeter is surrounded by 

Steering committee for a possible European 
electron machine for nuclear physics at a re
cent meeting in Saclay - from the front, left 
to right; H. Lengeler (CERN), J. Thompson 
(Daresbury), M. Pro me (Saclay), H. Graef 
(Darmstadt), H. Herminghaus (Mainz), G. 
Rees (Rutherford), D. Husmann (Bonn), P. 
Bruinsma (NIKHEF), J.-M. Loiseaux (Greno
ble), A. Tkatchenko (Saclay), L. Rivkin (PSI), 
P. Marin (Orsay), O. Napoly (Saclay), B. 
Aune (Saclay). P. Grosse Weismann (CERN), 
J. Spelt (NIKHEF), J. Le Duff (Orsay). 

(Photo Saclay) 

the Tufts 1800 sq m shield of pro
portional tubes, warning of con
tamination from muon interactions 
in the surrounding rock and provid
ing increased cosmic ray muon de
tection power. 

By the end of last year, the data 
showed 23 'contained' neutrino in
teractions, none of which were a 
proton decay candidate. Over 2 
million cosmic ray muons have 
been analysed, and are being scan
ned for signs of astronomical 
sources. In 1985, several experi
ments reported muons apparently 
coming f rom the binary star Cyg-
nus X-3. 

EUROPEAN NUCLEAR 
PHYSICS 
Electron machine 
quest 

In 1989, initial thinking on the con
struction of an electron accelerator 
for nuclear physics in France re
sulted in an initial plan for a 4 GeV 
machine wi th continuous output at 
100 microamps. Subsequently a 
further study recommended a more 
ambitious European scheme going 
beyond 10 GeV (May 1990, page 
17). 

To fol low this up, physicists 
organized a series of workshops, 
including a meeting at Dourdan 
(January/February, page 22). The 
outcome is being considered by 
NuPECC (Nuclear Physics European 
Collaboration Committee). 

Await ing a definitive solution, 
European specialists have been 
looking in the meantime at ideas on 
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A beam-beam simulation program devel
oped at CEBAF (Newport News, Virginia) 
tracks electrons through a thousand times 
denser positron bunch in a 3.5 on 8 GeV li-
nac-ring collision. 

the market, wi th a study group 
drawn mainly from Grenoble and 
Saclay, and a European-wide steer
ing committee. 

Ideas examined include isochron
ous recirculating machines (like the 
CEBAF accelerator being built at 
Newport News, Virginia), microtron 
solutions (similar to the MAMI ma
chine at Mainz - Apri l , page 12 -
where higher energy variants have 
earned the name polytron), and 
storage rings using gas jet targets. 

Wi th this latter solution not 
promising the required beam lumi
nosity, studies are focusing on re
circulating machines, consisting of 
one or more superconducting li-
nacs wi th beam transport systems 
allowing multiple passes in the li-
nacs. The optimal number of 
passes, in one or t w o directions, 
wi th the machine isochronous or 
otherwise, needs to be determined. 
Even a non-recirculating stand
alone linac cannot be excluded. 

Another possibility would be to 
use the beam hot only for nuclear 
physics but also for B particle phy
sics, colliding the electrons wi th 
positrons held in a storage ring 
(see fol lowing story). 

COLLIDERS 
Running rings round 
linacs 

Colliding a linear particle beam wi th 
a beam stored in a ring was looked 
at more than twenty years ago, 
when CERN's ISR proton storage 
ring and Stanford's two-mile elec
tron linac were front-runner pro
jects. 

Three years ago these linac-on-
ring ideas were revived in the con

tinuing attempt to push the energy 
and luminosity limits of electron 
colliders, and applications for high 
energy electron-positron and elec
tron-proton colliders as well as 
high luminosity particle 'factories' 
have been considered in several 
Laboratories. 

To get a high luminosity for an 
affordable beam power, a low cur
rent electron bunch has to be 
brought into collision with a dense 
storage ring bunch. The forces of 
the storage ring beam on the elec
trons would be of unprecedented 
strength (equivalent to up to sev
eral hundred Tesla), and the inci
dent electron beam would be high
ly disrupted. 

Another major concern in such a 
scenario is the stability of the ring 
beam. Ideas have been put forward 

to choose the initial conditions of 
the electron beam to favorably 
shape the beam forces. Several si
mulations are underway to study 
this unusual beam-beam interac
t ion. Initial conditions and stability 
requirements for the linac beam are 
being studied. 

Possibilities for a test of this 
high disruption scenario were 
among the issues discussed during 
an informal workshop at CERN at 
the end of January. Possibilities in
clude moving a low energy linac to 
an existing storage ring or building 
a small test storage ring along one 
leg of an existing continuous elec
tron machine. 

In the meantime simulation 
studies continue and a workshop 
on linac-ring colliders is planned for 
early next year. 
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CERN 
SC-33 

On 22 April a forward-looking 
CERN also looked back for a day, 
when the 'SC-33' event reviewed 
the achievements of CERN's first 
machine, the 600 MeV Synchro-
Cyclotron (SC), which closed down 
on 17 December after 33 years of 
valiant service (December 1990, 
page 7). 

Many of those who had built and 
operated the SC or had used the 
machine during their research car
eers, including several pioneers 
f rom the early days, participated in 
an all-day seminar recalling the ma
chine's career and sketching its 
varied physics contributions. The 
proceedings will be published in a 
special issue of 'Physics Reports'. 

Introducing the seminar, CERN 
Director General Carlo Rubbia attri
buted to Enrico Fermi the choice of 
600 MeV for the SC energy, and 
went on to describe how the SC's 
illustrious scientific traditions will 
live on. The ISOLDE on-line isotope 
separator, catering for several 
hundred scientists, will f ind a new 
home at CERN's 1 GeV Booster 
machine, which has capacity to 
handle extra particles. The ISOLDE 
studies will benefit f rom the higher 
energy and pulsed operation of the 
Booster. 

Wi th the achievements firmly set 
in perspective, the evening cere
mony underlined the sagacity of 
the early decision to provide CERN 
with multiple machines. 

'Our founding fathers had great 
wisdom when they decided in June 
1952 to build two accelerators 
rather than one,' affirmed CERN's 
Director General. 'The SC was pri
marily intended to bridge the gap 
until the more ambitious 28 GeV 

Proton Synchrotron would be ready 
in the 1960s. It was thought of as 
a tool for training European physi
cists who were largely unaccus
tomed to working with particle ac
celerators,' he continued. 'Original
ly it was believed that the SC 
would play - scientifically speaking 
- only a subordinate role to the PS. 
However the results exceeded all 
expectations.' 

Although the SC always oper
ated as a stand-alone machine and 
never formed part of CERN's in
creasingly complex interconnecting 
particle beam systems, the ISOLDE 
on-line isotope separator, one of 
the SC's most scientifically prolific 
ventures, will soon reappear in a 
different setting in a new exper
imental area being constructed at 
the 1 GeV Booster. 

'This is a good illustration of the 
advantages brought about at CERN 
by a synergy of accelerator re
sources on the same site,' pointed 
out Rubbia. 

CERN Council Chairman Sir Wi l 
liam Mitchell emphasized the long 
career of a successful accelerator. 
'If there are those who think that 
once the first experiment on a new 
machine is done, that's it, they 
should be here today.' 

As son of Albert Picot, who pro
vided much of the political driving 
force behind the movement to 
establish the future CERN in Gene
va, Frangois Picot was well qualif
ied to describe the ambivalent 
mood of the early 1950s and re
trace the sometimes rocky path 
which finally led to the Organiza
tion's establishment in Geneva. 

Finally Bernard Ziegler, President 
of Geneva's Conseil d'Etat, recalled 
the strange quasi-coincidence of 
the SC's commissioning and the 
launch of the Soviet Sputnik satel
lite, a foretaste of the interplay be
tween the physics of the macro-

and micro-cosmos which is the 
hallmark of the physics of today. 
He also underlined Geneva's pride 
in providing the home for what has 
become such a famous venture. 

A special symposium at CERN in April sur
veyed the accomplishments of the 600 MeV 
Synchro-Cyclotron, CERN's first particle ac
celerator, which provided its first beams in 
1957 and was finally closed last December. 
At the symposium Franco Bonaudi des
cribed the machine itself. 

(Photo CERN HI 43.4.91/4) 
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8, route des Avouillons 
CH-1196 Gland (VD) 
Phone 022/64 47 47/48/49 
Fax 022/648 127 
Telex 419 654 erb ch 

Dielsdorferstrasse 9 
8173 Neerach (ZH) 
Phone 01/858 06 58/59/61 
Fax 01/858 08 25 

•wmm OFFICIAL REPRESENTATIVE 

The Better 
Vacuum Book 

Fi 

Celebrating 
twenty years of 
building vacuum 
components better-the 
all new Huntington Catalog. 
With 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-

ACCELERATOR AND 
MAGNET TECHNOLOGY 

Ambit ious 
Technologies, 
Versatile Laboratories 
and Distinguished 
Manufac tur ing 

H u n t i n g t o n 
Built Better. For 20 Years. 

Superconducting particle detector magnet CERES 
(University Heidelberg/CERN) 

Engineering and manufacturing for: 

Normal and superconducting 
accelerator systems 
Normal and superconducting 
magnet systems 
UHV vessels / chambers 
RF components / cavities 
Cryogenic components and systems 
Beryllium windows 

Interatom GmbH 
Accelerator and Magnet Technology 
Friedrich-Ebert-StraBe 
W-5060 Bergisch Gladbach 1 
Germany 
Telephone + 49 22 04 84 22 88 
Telefax + 49 22 04 84 30 45 
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People 
and things 

Laboratory 
correspondents 
Argonne National Laboratory, USA 

M . Derrick 

Brookhaven National Laboratory, USA 
A. Stevens 

CEBAF Laboratory, USA 
S. Corneliussen 

CERN, Geneva 
G. Fraser 

Cornell University, USA 
D. G. Cassel 

DESY Laboratory, Fed. Rep. of Germany 
P. Waloschek 

Fermi National Accelerator Laboratory, 
USA 

M . Bodnarczuk 

GSI Darmstadt, Fed. Rep. of Germany 
G: Siegert 

INFN, Italy 
A. Pascolini 

IHEP, Beijing, China 
Qi Nading 

JINR Dubna 
B. Starchenko 

KEK National Laboratory, Japan 
S. Iwata 

Lawrence Berkeley Laboratory, USA 
B. Feinberg 

Los Alamos National Laboratory, USA 
O. B. van Dyck 

NIKHEF Laboratory, Netherlands 
F. Erne 

Novosibirsk Institute, USSR 
V. Balakin 

Orsay Laboratory, France 
Anne-Marie. Lutz 

PSI Laboratory, Switzerland 
J . F. Crawford 

Rutherford Appleton Laboratory, UK 
Jacky Hutchinson 

Saclay Laboratory, France 
Elisabeth Locci 

IHEP, Serpukhov, USSR 
Yu. Ryabov 

Stanford Linear Accelerator Center, USA 
W . Kirk 

Superconducting Super Collider, USA 
N. V. Baggett 

TRIUMF Laboratory, Canada 
M . K. Craddock 

Maurice Jacob becomes President 
of European Physical Society 

Distinguished CERN theorist 
Maurice Jacob becomes President 
of the European Physical Society 
(EPS) for an initial one-year term, 
succeeding nuclear physicist R.A. 
Ricci of INFN Legnaro. Jacob, who 
was President of the French Physi
cal Society in 1985, has just 
served for two years as EPS Secre
tary. EPS President-Elect is Norbert 
Kroo of Budapest's Solid-State 
Physics Institute. 

On people 

Freeman J. Dyson of Princeton's 
Institute for Advanced Study re
ceives the 1991 Oersted Medal 
from the American Association of 
Physics Teachers. 

Klaus Winter of CERN has been ap
pointed Guest Professor at Berlin's 
Humboldt University, where his 
task will be to help build up the 
Physics Department. 

• At CERN in April, CERN Director General 
Carlo Rubbia (left) and Roy Schwitters, Di
rector of the Superconducting Supercollider 
(SSC) Laboratory in Ellis County, Texas, 
signed a Memorandum of Understanding 
which provides a framework for future colla
boration between the two Laboratories. 

(Photo CERN 11.4.91) 

Australian news 

At a recent meeting of the Austral
ian Academy of Sciences, Bruce 
McKellar of Melbourne was 
awarded the Lyle Medal for 1991 
for his work in High Energy Theory, 
and A.W. Thomas of Adelaide was 
one of 9 new fellows admitted to 
the Academy. 

Meanwhile an official CERN 
Coordination Committee has been 
formed to coordinate Australian ac
tivity at CERN. The members are: 
L.Peak (Sydney), S.Tovey (Mel
bourne), R.Crewther (Adelaide), 
B.H.J.McKellar (Melbourne), 
A. W. Thomas (Adelaide) and J. 
Boldeman (ANSTO). Signing of a 
cooperation agreement between 
CERN and Australia is imminent. 
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S u p e r c o n d u c t i n g S u p e r 
C o l l i d e r L a b o r a t o r y 

The SSC Laboratory, a major research and development 
center, will support 2,000 staff members; the SSC 
Laboratory provides extraordinary career opportunities 
in frontier science and technology. 

Career and term positions are available at all levels. 

E l e c t r i c a l 
A c c e l e r a t o r 
• RF Power 
• Vacuum Systems 
• Cryogenics 
• Design 
• Instrumentation 

and Controls 

M a g n e t 
D e v e l o p m e n t 
• Test SC Magnets 
• Magnet Design 
• Instrumentation 

and Controls 

R e s e a r c h 
• Detector 

Development 
• Experimental 

Facilities 
• Physics 

Research 

V i s i t i n g 
S c i e n t i s t 
• Positions 

Available in 
all divisions 

E n g i n e e r s 
• Power Systems 
• Magnet 
• RF 
• Analog/Digital 

hardware 
experience 

• BSEE, MSEE 

M e c h a n i c a l 
E n g i n e e r s 
• Cryogenics 
• Production 
• Process control 
• BSME, MSME 

Send letter indicating position desired, 
resume and three references to: 

SSC L a b o r a t o r y 
MS-2050/CC 
2550 Beckleymeade Ave., Suite 125 
Dallas, TX 75237 

An Equal Opportunity/Affirmative Action Employer 

The following professionals are particularly sought at this time. 

E x p e r i m e n t a l H i g h E n e r g y P h y s i c i s t s 
Participate in research and development for the SSC detector components, 
design of the related experimental facilities to support of the SSC 
experimental program, and ongoing HEP research. 

Qualifications: Ph.D. in experimental particle physics. Experience with 
large detector systems preferred. 

C o m p u t a t i o n a l P h y s i c i s t / E n g i n e e r 
Perform magnetic field computations in support of the SSC magnet design 
and construction program. 

Qualifications: An advanced degree in Physics, Electrical or Mechanical 
engineering; experience with the commonly available computer codes for 
magnetic field calculations. Experience with FORTRAN (preferably in a 
scientific computing environment) and with UNIX and VMS. 

C o l l i d e r I n j e c t o r P h y s i c i s t s a n d E n g i n e e r s 
Take part in the accelerator design, and specification and implementation 
of the engineering systems. 

Qualifications: Degree in Physics or Engineering; equivalent experience 
with modern computational methods; significant experience in accelerator 
construction and operation desirable; ability to work within a team and to 
interact with and communicate with other technical groups. 

M a g n e t Tes t P h y s i c i s t 
Participate in the SSC superconducting magnet test program at FNAL, 
BNL,and SSCL. 

Qualifications: Ph.D. in experimental physics (particle physics preferred). 
Experience with hardware and software; ability to plan and carry out 
testing programs. 

The Max-Planck-lnstitut fur Physik 
has the position of a 

Research Associate 

to offer. Applicants are expected to par
ticipate in the experimental projects of 
the Institute carried out at the European 
Organization for Nuclear Research, 
CERN, Geneva. 
A contract will be limited, at the beginning, 
to two years. 

Applications with currriculum vitae and 
three references should be send to the 

Max-Planck-lnstitut fur Physik 
Werner-Heisenberg-lnstitut 
z.Hd. von Frau R.Ludwig 
Fohringer Ring 6 

D-8000 Munchen 40. 

ISTIXUTO NAZIONALE DI FISICA NUCLEARE 
(I.N.F.N.) 

Post-doctoral fellowships for non-Italian 
citizens in the following research areas : 

Theoretical Physics (n.8) 
Experimental Physics (n. 14) 

Applications are invited for one year fellowships, starting on 
May-November 1992. 
Fellowships are intended for young post-graduates (candidates 
should not be more than 35 years of age at the time of applica
tion). 
Each fellowship is granted for one year, and may be extended 
for a second year. 
T h e annual gross salary is lit. 24,000,000, plus travel expenses 
from home Institution to I .N.F.N. Section or Laboratory and 
return. 
Candidates should submit an application form and a statement 
of their research interests, including three letters of reference. 
Applications should reach I .N.F.N. not later than 30 September 
1991. 
T h e successful applicants may carry on their research at any of 
the following laboratories and sections of I . N . F . N . : 
National Laboratories of Frascati (Rome), National Laboratories 
of Legnaro (Padova), National Southern Laboratories (Catania) 
and National Gran Sasso Laboratory (L'Aquila). 
INFN Sections in the universities o f : 
Turin, Milan, Padua, Genoa , Bologna, Pisa, Rome "La Sapi-
enza", Rome II, Naples, Catania, Trieste, Florence, Bari, Pavia, 
Perugia, Ferrara, Cagliari, Lecce and National Institute for 
Health (Rome). 
Enquiries, requests for application forms, and applications 
should be addressed to : Fellowhips Service - Personnel Office, 
Istituto Nazionale di Fisica Nucleare ( INFN) - Casel la Postale 
56 - 000 44 Frascati (Rome) Italy. 
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Bjorn Wiik, project leader of the supercon
ducting proton ring for the HERA electron-
proton collider now being commissioned at 
the DESY Laboratory, Hamburg, and seen 
here during one of his regular shifts in the 
HERA control room, has been elected a For
eign Member of the Norwegian Academy of 
Science and Letters. 

Shadows of Creation 

Published by W.H. Freeman is 
'Shadows of Creation' (ISBN 0-
71767-2157-0) by Michael Riordan 
and David N. Schramm, subtitled 
'Dark Matter and the Structure of 
the Universe' (see also April, page 
18). The book also benefits by a 
foreword by Stephen Hawking. 

The cosmological dark mass 
problem - that what we see in the 
Universe is perhaps only about one 
per cent of it - depends on theore
tical prejudice. The astrophysical 
dark mass problem - that the ob
served motion of galaxies needs 
more mass than can be seen -
does not. How these arguments 
are served is a matter of taste. 

Dark matter apart this book is 
an excellent introduction to the im
portant new links being forged be
tween particle physics, astrophy
sics and cosmology. Riordan (parti
cles) and Schramm (astrophysics 
and cosmology) are a good team. 
They know their subjects well and 
are used to presenting them per
suasively. 

Theories of Everything 

'Theories of Everything' by John D. 
Barrow of Sussex (Oxford, ISBN 0-
19-853928-2) is a new addition to 
the growing list of vogue astrophy
sics and cosmology titles aimed at 
the general intellectual market. Bar
row is no stranger to literary suc
cess, with 'The World within the 
World' (Oxford), 'The Left Hand of 
Creation' (with J. Silk, Basic 
Books), and 'The Anthropic Princi
ple' (with Frank Tipler, Oxford), 
commendably to his credit. 

'Theories of Everything' is not 
'The Theory of Everything', as the 
subtitle 'The Quest for Ultimate Ex

planation' hints. However the title 
alone will sell, with many eager 
readers ploughing valiantly through 
to the end, hoping to discover The 
Solution. They may be disap
pointed to find no 'Cosmic Rosetta 
Stone', but will not go unrewarded. 

The origin of everything may 
turn out to be an insurmountable 
problem to solve, but the sheer 
inaccessibility of the problem has 
long hindered scientific attack. Bar
row explains how modern physics 
and cosmology is at last providing 
a framework for the problem, and 
possibly for the solution too. 

Return of Uncle Albert 

UK physicist Russell Stannard's 
book 'The Time and Space of Un
cle Albert', published by Faber and 
Faberin 1989 (September 1989, 
page 33), commendably set out to 
demystify relativity, which unfortu
nately remains for most people an 
impenetrable corner of contempo
rary culture. 

Uncle Albert and his niece Ge-
danken are back in a new Stannard 
book 'Black Holes and Uncle Al
bert' (Faber and Faber, ISBN 0571 
16199 5) which continues to ex

plore the heady implications of 
modern cosmology. 

The first book, shortlisted for 
several literary awards, drew much 
favourable comment and elicited 
praise for attacking such a tough 
subject and trying to present it in 
an easily assimilable form. 

First time round, the CERN Cou
rier admired Stannard for taking on 
such a tough challenge, but had a 
suspicion that the resultant packag

ing was overdone. This was con
firmed when Lev Okun of Moscow 
subsequently questioned one view
point, and in a memorable seminar 
at CERN displayed that relativity is 
not to be taken lightly. 

After reading the sequel, Nathal
ie Eraser (13) writes: 'Young read
ers will find it difficult to identify 
with Gedanken. A talking space
ship called Dick is not my idea of a 
fun way to explain things. Stannard 
seems to drown in his own pond 
trying to explain so many things 
and so does the reader. After a 
while you get confused between 
reality and the strange antics of 
beetles on a rubber sheet(i), that 
don't clarify anything.' 

Despite this panning, the CERN 
Courier awards the book a bonus 
mark for flair and imagination. The 
forefront of modern physics is diffi
cult to get at, and Dr. Stannard's 
contrived scenario only reflects 
this. We eagerly await Lev Okun's 
opinion. 

Meetings 

An International Workshop on El-
ectroweak Physics Beyond the 
Standard Model will be held in Val
encia, Spain, from 2-5 October. It 
will discuss the theoretical implica
tions of the latest results from high 
energy experiments as well as 
some non-accelerator experiments. 
Emphasis will be given to neutrino 
physics, experimental tests of the 
standard model and its possible ex
tensions. 

Participation is by invitation. The 
number of participants is limited to 
about 80. Outstanding graduate 
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students and recent PhDs with ex
perience in the field are encouraged 
to apply. 

Further information from Jose 
W.F. Valle, Dpto. de Fisica Teorica, 
Universitat de Valencia, Dr. Moliner 
50, 46100 Burjassot, Valencia, 
Spain; tel. (346) 386 4555; fax. 
(346) 364 2345; e-mail (internet) 
valle at vm.ci.uv.es (bitnet) valle at 
EVALUN11 (hepnet) 
EVALUN:: valle 

A Workshop will be held at Aus-
sois in the French Alps from 30 
September to 4 October on 'X-Ray 
Detectors for Synchrotron Radi

ation Sources', including solid-
state, gas, image plate and scintil
lator detector technologies as well 
as electronics, data acquisition, 
etc. Science topics will include: 
protein crystallography, powder, 
small crystal, time resolved, diffrac
tion, scattering, spectroscopy and 
imaging. Information from the Se
cretariat: W. Schenk, Dept. of Phy
sics, Adolf-Reichweinstrasse 2, 
5900 Siegen, Germany. Tel: 49 
271 740 2342/4344/4140. Fax: 
49 271 74515. Places are limited. 
An ideal opportunity for young high 
energy physicists to discover 
another world! 

A private visit to CERN on 2 May by Hungar
ian President Arpad Goncz (left with CERN 
Director General Carlo Rubbia) came at 
a time when discussions are starting on 
Hungary becoming a CERN Member State. 

The Balkan Physical Union is organ
izing the First Balkan School of 
Physics in Istanbul, Turkey, from 2-
13 September. Entitled 'Accelera
tor Physics Research and Applica
tions', the lecture courses will cov
er experimental and theoretical par
ticle physics, nuclear physics, and 
medical and other applications. The 
School is open to students from 
the Balkan countries. Further infor
mation from Professor Engin Arik, 
Istanbul University Physics Depart
ment, 34459 Vezneciler Istanbul, 
Turkey, e-mail: FEN 10 at 
TRIUMVM11 Telefax: 0090 1 522 
6123 Telex: 22062 sur tr Tele
phone: 0090 1 511 8480. 

As part of the regular review of its journals, 
the American Institute of Physics has set up 
a committee to look at 'Journal of Mathema
tical Physics', chaired by Cecile De Witt of 
Texas (Austin), seen here with two other 
members of the committee, Ted Jacobson 
(left) of Maryland, and Ted Newman of Pitts
burgh. The two other members are L. Gun
man of Argonne and Maurice Jacob of 
CERN. Cecile De Witt is well known as foun
der of the Les Houches Summer School, 
which contributed so much to the revival of 
physics in Continental Europe in the 1950s. 

(Photo Maurice Jacob) 
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University of California 
Lawrence Berkeley 

Laboratory 

Director of the Physics Division 

he Lawrence Berkeley Laboratory is seeking a respected and 
energetic high-energy physicist to play a strong leadership and 
management role as Director of the Physics Division. 

Under the general direction of the Laboratory Director, the 
Division Director is responsible for a multi-million dollar research 
program, primarily in high-energy physics. Our appointment is as 
a career Senior Scientist serving in the administrative role of 
Division Director for an initial negotiated term subject to renewal 
by mutual agreement. The appointment is effective Sept. 1st, 1991. 

We are looking for an exceptional scientist with significant 
experience as a practicing high-energy physicist and of the calibre 
of a senior tenure level scientist in a major research institution. 

Interested applicants are invited to submit a curriculum vitae, 
together with the names of three references by July 15, 1991, to: 
Dr. J.D. Jackson, Chairman, Physics Search Committee, c/o 
Marina Gonzalez, Lawrence Berkeley Laboratory, 1 Cyclotron 
Road, 90-1042, Berkeley, CA 94720 USA. An equal opportunity 
employer. Women and minorities are encouraged to apply. 

LAWRENCE BERKELEY LABORATORY 
UNIVERSITY OF CALIFORNIA 
U.S. Department of Energy 

Princeton University 

Postdoctoral Position in Experimental 
High Energy Physics 

Princeton University invites applications 
for a postdoctoral Research Associate position in 
experimental high energy physics. The position, 
based at CERN, is for work on the L3 experiment 
at LEP. Princeton's responsibilities in L3 include 
the readout o f the 11000-crystal BGO 
Electromagnetic Calorimeter, and the successful 
candidate would be expected to assume a major 
role in the operation and support o f the system. 
Candidates should have experience with data 
acquisition systems and be knowledgeable in 
assembler and higher level programming for 
microprocessors and larger systems. Interested 
candidates should send curriculum vitae and the 
names of three references to: 

Dr. Peter Denes 
CERN/PPE 
CH-1211 Geneva 23 
Switzerland. 

Princeton University is an Equal 
Opportunity/Affirmative Action Employer. 

WAUKESHA-Kreiskolben-Pumpen 

fur hohe Hygieneanforderungen 
und schonende Forderung von Lebensmi t te l -

p rodukten (auch m i t Frucht- und Fleisch-

s t i i cken , Nusskernen etc.). 

Bevorzugter Einsatz in M o l k e r e i e n , Obst- , 

Gemuse- , F le ischverarbe i tung, B io techn ik , 

Kosmet ik , Pharmazeut ik und der Hers te l -

lung von Get ranken, Suss- und Backwaren . 

Genemlvertretung in der Schweiz 
Fachbemtung Service Ersatzteilhaltung 

Miss ionss t rasse 22, CH-4003 Basel 

Tel . 0 6 1 / 2 61 98 00 , Fax 061 /2 61 25 47 
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Look us up-
We're in the Book 

Before you specify a vacuum valve for any job, 
check in the book: from angle valves and gate 
valves to fast closing valves and pressure control 
systems, there is surely one precisely for your 
application. 

Vacuum Valves 90's is the industry's best resource 
for high quality vacuum valves and related products. 
VAT offers a complete line of vacuum valves to fit 
the most demanding applications. 
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Powered Crates 
NIM-Crates 
CAMAC Crates 
to CERN-Spec. 099a, 
l inear regulated. 
To CERN-Spec. 199, 
l inear regulated. 
To CERN-Spec. 336, 
switch mode regulated. 

FASTBUS-Crates 
to CERN-Spec. F6852, 
switch-mode regulated. 
Wes-Crate Power 
Supplies are distinguished 
by low noise and r ipple. 
Electromagnetically 
shielded. 

m 

a ; 

VMEbus-Crates 
to CERN-Spec. V-422. 
We also now make Crates 
to the new CERN-Spec. 
V430 with - 5 , 2V, - 2 V , 
± 1 5 V on an third Jaux 
connector between Jl 
and J2. 

CUSTOM Design 
Example: 
VME FADC-Crate 
11 u high, 725 mm deep 
with lEC-lnterface 
for HI DESY, Hamburg. 

Every CERN-Spec. 
so far as given rice 
to a CERN-approved 
Crate from 

,11111 !M4ittU%VL 

jJes-Crates 
Wes-Crates GmbH 
Pattburger Bogen 33 
D-2398 Harrislee/Flensburg 
Germany 

Telefon 0461 / 7741 77 (new) 
Telefax 0461 / 77 41 41 (new) 
Teletex 461 309 = Kristen 
Telex 17 461 309 

P C < - > U N I X 
Reseaux "heterogenes" pour: 

bureautique, gestion, communications 
NOVELL Ported NetWare 3.0 sous UNIX: cohabite avec TCP/IP, 
acces clients NOVELL aux fichiers UNIX, aux file-systems NFS, etc... 
(pour INTERACTIVE UNIX, SCO UNIX, SUN SPARC). 

LOCUS PC-Interface: disque/s "network" du PC sur machine/s 
UNIX, impression sur imprimante/s UNIX depuis appli. DOS, 
transfert de fichiers par commandes DOS, emul. ANSI; tous usages, 
RS232 et TCP/IP, pour UNIX PC et autres (SUN, IBM6000, HP9000). 

LOCUS PC-Interface pour Macintosh: idem, aussi impression sur 
imprimante/s Mac depuis appli. UNIX, pour LocalTalk et Ethernet, 
pour UNIX PC et autres (SUN, IBM6000). 

JSB MultiView DeskTop: emul. ANSI sous MS-Windows 3, rapide, 
compat. console SCO, 8 bits, couleurs, claviers configurables, support 
imprimantes, multi-sessions; pour RS232 et tous reseaux TCP/IP. 

ICE-TCP: emul. ANSI, VT220, WYSE60, etc... sous DOS pour reseau 
TCP/IP: multi-sessions, multi-user, rapide, 8 bits, couleurs, transfert de 
fichiers tftp, livre avec TCP/IP compat. NOVELL, acces a tous 
systemes disposant de TCP/IP, UNIX PC ou autres (SUN, IBM6000). 

X11 pour DOS: PC-XView, PC-XSight, serveurs X, compat. X11.4, 
mise en oeuvre directe sous DOS pour VGA, 8514A, (1024x768, 256 
coul.), DGIS hi-res.; pour tous reseaux TCP/IP. 

X11 pour MS-Windows: XVfsion, X11/AT, serveurs X pour MS-
Windows 3.0, compat. XI 1.4, tous usages (bureautique, banques, 
developpement, etc.); pour tous reseaux TCP/IP. 
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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 iple 
advantages: 
• maintenance-free • any mounting pos i 
tion • highly compact • highly versatile 
• completely hydrocarbon-free • low-
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 for patents exist. 

Innovative Vacuum Technology A Degussa Company 



120 quadrupole cryostats 
for the HERA storage ring 

Cryostat being manufactured 

The industrial production of storage 
ring components presents a major challenge. 
NOELL GmbH, Wiirzburg, Germany took on 
this challenge by supplying 120 quadrupole 
cryostats for the HERA storage ring on 
schedule and to the full satisfaction of the 
client. NOELL is currently manufacturing 
4 superconducting dipole prototypes. 

The take over of the magnet engineer
ing sector of the ABB company has helped 

NOELL to extend its activities in this field. 

NOELL also supplies components for 
servicing and maintenance of storage rings 
and for fusion reactors; these include 
manipulators Tokomak in Princeton, USA 
and for JET in Culham, UK as well as 
positioning manipulators for the LEP magnets 
in Geneva, Switzerland. Contact us if you 
require any components for particle research 
and for fusion engineering. 

INDELL 
an enterprise 
of the Preussag Group 

NOELL GmbH, Dept. V 29 
R 0. Box 62 60, W-8700 Wurzburg 1 
Germany, Phone: 0931/9 03-13 18 
Telex: 68822, Fax: 09 31/9 03-10 08 

Environmental engineering Hydropower Materials handling - Engineering for nuclear plants 
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