
tor ' (36 per cent). These remarks of 
course cover the AGS-PS compari
son, but it would be interesting to 
have this analysis up-dated to cover 
the CERN accelerators as perceived 
in 1984. 

The peer evaluation of the ISR and 
SPS compared to Fermilab and the 
Serpukhov 76 GeV proton synchro-
I ron put Fermilab ahead for discover
ies and the SPS for precise measure
ments wi th the ISR not far behind. 
The ISR is recognized by the authors 
as a 'tremendous success' f rom a 
technical point of view. Peer evalu
ation comments on factors limiting 
scientific performance were — 'poor 
choice of detectors initially' (quoted 
by 72 per cent of the interviewees), 
and 'had to learn f rom scratch how to 
use the machine — proton-proton 
collisions inherently very complex' 
(42 per cent). For the SPS/Fermilab 
comparison, the main comments 
were 'Fermilab had four-year lead' 
(58 per cent), and 'more resources 
and technical support for CERN ex
periments' (50 per cent). 
H The third of John Irvine and Ben 
wlartin's papers, 'CERN and the fu-
\ j r e of wor ld high energy physics'. 

moves out of statistics into what we 
might call ' informed speculation', at
tempting to show how systematic 
comparisons of past scientific per
formance, together wi th analyses of 
the factors structuring recent perfor
mance, might contribute to deci
sions on future projects. They draw 
up a list of criteria for assessing the 
future prospects for new accelera
tors, and use the LEP project as a 
guinea-pig. The criteria (financial, 
technical and scientific) are drawn 
from the retrospective study of 
CERN's scientific performance in 
which, in the authors' v iew, various 
factors determining the success (or 
lack of success) of different acceler
ators could be discerned. The au
thors argue that this approach to as
sessing the prospects for future re
search projects could be of consider
able help to those charged wi th de
ciding national science policy. 

Such assessments from past re
search performance may contribute 
useful pointers but they are a long 
way from being a sure guide to the 
future. To stay with the research field 
which the authors have studied wi th 
such thoroughness — on the basis of 

past performance, few would have 
predicted that the brilliant Brookha-
ven team would have had those sad 
problems in preparing for ISABELLE 
(although, as Irvine and Martin point 
out, the problems wi th upgrading the 
AGS in the early 1970s should have 
served as a warning of the Laborato
ry's declining technological capabili
ties). Similarly, nobody could have 
predicted the success of PETRA at 
DESY compared wi th PEP at Stan
ford , given the previous superiority 
of Stanford's SPEAR ring over 
DESY's DORIS. Lastly, given CERN's 
previous reputation for 'conserva-
t iveness', the courageous decision 
to proceed wi th proton-antiproton 
project was unpredictable. In such a 
fast moving field as high energy 
physics, the future clearly cannot be 
derived simply f rom extrapolations 
f rom the past. 

The authors conclude that a turn
ing point has been reached in the bal
ance of power between Europe and 
the US, a conclusion reinforced by 
the dramatic discoveries in the past 
2 years of the W and Z particles and 
the new indication of the top 
quark. 

Stanford's big new detector 

At the Stanford Linear Accelerator 
Center (SLAC) in the US, work forges 
ahead for the Stanford Linear Collider 
(SLC), a new approach to electron-
positron collisions. 

In conventional electron-positron 
rings, the stored particles, rotating in 
opposite directions, circulate contin
uously. To handle higher energy cir
culating beams, the overall diameter 
of the storage ring has to be in
creased. For example the LEP ring 

now under construction at CERN 
has a diameter of nearly nine kilo
metres. 

In an effort to sidestep this explo
sion in storage ring dimensions (and 
costs), the linear collider concept 
was put forward in Stanford and in 
Novosibirsk (USSR). Instead of stor
ing particles, the idea at Stanford is 
to accelerate electrons and posi
trons down the big two-mile linac, 
separate them into two opposing 

arcs, and bring them round to collide, 
once only. (At Novosibirsk, the 
VLEPP machine will have t w o sepa
rate linacs firing particles towards 
each other — see December 1982 
issue, page 417.) 

A t Stanford, the aim is to try for 
first SLC electron-positron collisions 
at the end of 1986, t w o years before 
the LEP machine at CERN is turned 
on. The trusty Mark II detector, wi th 
a long history of fine physics 
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LEP detectors 
This month we interrupt our 
series of articles on the de
tectors being built for the 
LEP electron-positron ring 
under construction at CERN 
and feature instead the SLD 
detector for the electron-
positron collider being built 
at Stanford, USA. Next 
month we return to LEP to 
highlight the OPAL detector. 

achievements at both the SPEAR and 
PEP electron-positron rings at Stan
ford , will be there to intercept the 
first SLC colliding beams. Mark II has 
already been taken out of the PEP 
ring for a facelift, and the improved 
version will be moved back into PEP 
for tests early next year. 

To fol low up the initial SLC inves
tigations and to really exploit the full 
capabilities of the new machine, a big 
detector is being developed by a 
100-strong collaboration, headed by 
Charles Baltay of Columbia and Mar
ty Breidenbach of SLAC, involving 
some 20 research centres, mainly 
f rom the US but wi th collaboration 
also from Canada, Italy, and the 
UK. 

Called plain SLD, this new instru
ment is designed to study a wide 
range of physics — properties of the 
Z° , heavy quarks, hunting the Higgs, 
etc., as well as hoping for the unex
pected. 

Like the detectors being built for 
LEP, SLD will include good electro
magnetic and hadronic calorimetry 
(measurement of energy deposition) 
wi th instrumentation surrounding 
the full solid angle around the colli
sion point, and good particle identifi
cation. It is the introduction of a high 
level of hadron calorimetry which re-

More progress at Stanford for the new 
Linear Collider. The vault to house the 
positron damping ring takes shape. 

Up and away. Removing the portion of 
concrete wall which was all that separated 
the Stanford linac tunnel from the newly 
bored section which will house one of the 
arcs of the new collider. 
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A scale model of the SLD detector for the 
new SLAC Linear Collider. This detector 
should be ready end-1988, but the trusty 
Mark II detector will be there to catch the 
first SLC electron-positron collisions, 
scheduled for end-1986. 

(Photos SLAC) 

ally distinguishes this new genera
tion of electron-positron detectors 

P
r m m their predecessors. 

Calorimetry involves catching high 
tvnergy particles (including the elec
trically neutral ones which leave no 
track elsewhere) in a heavy radiator 
such as uranium or lead, and meas
uring the amount of energy released. 
The power of good hadron calorime
try was demonstrated in the specta
cular results achieved in a relatively 
short t ime at the CERN proton-anti-
proton Collider. 

In the SLC, beams will be focused 
down to small spots only a few mi
crons in diameter, so that the beam 
pipe can be extremely slender. Thus 
the inner dimensions of the 'vertex 
detector' immediately surrounding 
the beam pipe can be of a few centi
metres. (Inside the LEP experiments, 
the beam pipe will be 16 cm across.) 
This innermost portion of the SLD 
detector will use an array of semi

conducting chips (charge-coupled 
devices — CCD) to provide precision 
(5 micron) information on the loca
tion of the tracks leaving the collision 
point. Using pixels 22 microns 
square, 17 tracks per square mm 
have been resolved. 

The main SLD tracking device will 
be the central drift chamber, wi th 
80 layers of sense wires monitoring 
the bending of particle tracks in the 1 
tesla magnetic field of the surround
ing superconducting solenoid. A full-
length (2 metre) prototype has been 
undergoing tests. 

Also inside the superconducting 
solenoid will be the Cherenkov Ring 
Imaging Detector (CRID) for particle 
identification, and a liquid argon calo
rimeter (LAC). 

The CRID modules will use both 
liquid f reon and isobutane as Cheren
kov light generators. The produced 
photons will be converted into elec
trons in TMAE (see March 1982 is

sue, page 49), and the photoelec-
trons will drift towards a set of pro
portional wires for readout. Current 
results f rom beam tests show clear 
Cherenkov rings wi th some 20 pho-
toelectrons per track. 

The LAC includes both uranium 
and iron as radiators, wi th projective 
towers grouped in both inner (elec
tromagnetic) and outer (hadronic) 
sections. Having such substantial 
calorimetry inside means that the 
thickness of the surrounding sole
noid is not critical. (With external 
calorimetry, the solenoid has to be 
thin to minimize particle losses.) A d 
ditional hadron calorimetry outside 
the coil will be supplied by iron inter
spersed wi th streamer tubes, thus 
also providing tracking of the highly 
penetrating muons which traverse 
the rest of the apparatus. 

The design of the SLD endcaps 
reflects that of the main barrel of the 
detector, thus providing uniform 
technology throughout. 

The design of the superconducting 
coil has yet to be finalized, but 
studies of the available options are 
pushing ahead so that a decision on 
this key component of the detector 
can be made. One possibility being 
explored is a new internally cooled 
system proposed by the US National 
Magnet Laboratory at MIT in which 
liquid helium f lows through the 
spaces in an enclosed superconduc
tor (a 'rope in a pipe'). 

Electronics (Fastbus and VSLI) are 
in the capable hands of SLAC spe
cialists and a team from the Univer
sity of Illinois. 

Including a substantial contingen
cy, the detector will cost just under 
$50 million, wi th contributions from 
the Italian INFN (Frascati and Pisa 
sections are involved in the outside 
iron calorimeter), and f rom Canada 
(TRIUMF Laboratory and the Univer
sities of British Columbia and Victo
ria). The Rutherford Appleton Labo-
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Around the Laboratories 

ratory in the UK is working on the 
inner vertex detector. 

If all goes well at SLAC, the Mark II 
detector could cream off some inter
esting physics during the two-year 
head start that the Stanford Collider 
will have over CERN's LEP machine. 
But it will not be until late 1988 or 
early 1989, wi th the arrival of the 
new SLD detector, that the full 
physics capabilities of the Stanford 
machine will be exploited. By that 
t ime, LEP should be operational, wi th 
higher design luminosity and its com
plement of four large specially built 
detectors, together wi th the pros
pect of a substantial energy upgrade 
(with the introduction of supercon
ducting r.f. accelerating cavities). 

BROOKHAVEN 
Polarized protons 
at the AGS 
The auspicious day of Friday July 13 
1984 was the official start of physics 
experiments wi th the polarized pro
ton beam at the Alternating Gradient 
Synchrotron, operating at 16.5 GeV 
wi th a polarization of about 40 per 
cent and an intensity of about 1 0 1 0 

protons per pulse. This is the highest 
energy polarized proton beam ever 
achieved, surpassing the old ZGS 
(Argonne) record of 12.75 GeV. Po
larizations of 70 per cent and 63 per 
cent had been achieved earlier at 12 
and 14 GeV, close to the injected 
polarization of 70 to 75 per cent. 

About 100 technicians, scientists 
and engineers from Argonne, Brook-
haven, Michigan, Rice and Yale had 
worked intensively on the project for 

more than four years. Their pleasure 
at the project's success was quite 
evident at the 'Polarized Beam Cele
brat ion' held on the previous day in 
the AGS courtyard. There was also 
perhaps a bit of amazement as peo
ple reflected on the complex and so
phisticated techniques that were re
quired to produce polarized protons 
and then maintain the polarizatioÉ 
through the entire AGS acceleration 
cycle. 

Setting the stage to navigate the 
many depolarizing resonances re
quired new state of the art hardware 
in almost every part of the AGS. A 
wor ld record 25 microamp polarized 
negative hydrogen ion source of the 
caesium charge exchange type was 
developed. The wor ld 's first on-line 
radiofrequency quadrupole (RFQ) 
was built to accelerate the polarized 
ions to 760 keV (see April issue, 
page 100). A new transport line wi th 
low-level diagnostic instrumentation 

The AGS resonance navigating crew: Alan 
Krisch of Michigan (seated) and Larry Ratner 
of Brookhaven. 

(Photo Brookhaven) 
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