
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. 
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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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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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