
Neutrino experiment group at Brookhaven in 
1962 - left to right; Jack Steinberger, now 
head of the Aleph experiment at CERN; Kon-
stantin Goulianos, now at Rockefeller; Jean-
Marc Gaillard, now working at CERN; Nari-
man Mistry, now at Cornell; Gordon Danby, 
now at Brookhaven; Brookhaven technician 
Warner Hayes; Leon Lederman, now Direc
tor of Fermi lab; and Mel Schwartz, now with 
Digital Pathways. 

Gearing up 
for UNK 

completed in the summer of 1961 
and wo rked extremely wel l . A s the 
experiment got underway later that 
year, the neutrino shielding (armour 
plate f rom a naval scrapyard) was 
gradually increased to a thickness 
of 13.5 metres - and after several 
months the first tell-tale sign of 
physics appeared - a neutrino had 
hit the spark chamber, producing a 
long muon track going all the way 
out of the detector. 

In the end the pioneer experi
ment caught about f i f ty examples 
of muon product ion by neutr inos, 
corresponding to about one event 
per day in the ten- ton detector -
only a tenth of wha t had been ant i
c ipated, but nevertheless the f i rst 
examples of high energy neutr inos 
interacting w i th matter. The domi 
nant muon signal showed clearly 
that the neutrino comes in t w o 
kinds - electron-l ike and muqn-l ike. 
(A single type of neutrino wou ld 
produce equal numbers of elec
t rons and muons.) 

The results emerged in a classic 
1962 paper, and neutrino beams 
wen t on to become one of the 
standard tools of particle physics. 
2 6 years later Lederman (now Di-

rector of Fermilab), Schwartz (now 
w i th his company. Digital Path
ways , in California) and Steinberger 
(now head of the Aleph experiment 
being installed at CERN's LEP elec
t ron-pos i t ron collider) received the 
Nobel accolade. On hearing the 
news , Steinberger, 6 7 , said, 'if you 
wan t to get that prize, do your 
w o r k ear ly! ' . 

Supercollider site 
On 10 November US Energy 
Secretary John S. Herrington 
announced the 'preferred' site 
for the proposed US Super
conducting Supercollider -
SSC. After evaluation of 
seven initially selected sites 
(March issue, page 13), the 
preferred location for the 84-
kilometre ring to collide 
20,000 GeVproton beams is 
an area of gently rolling prai
rie some 40 kilometres south 
of Dallas, Texas. The final de
cision is scheduled for Janua
ry after an environmental re
view. Construction funding 
has yet to be voted. 

Going by its announced goals, the 
Soviet Institute for High Energy 
Physics (IHEP) at Protvino, near 
Serpukhov in the M o s c o w region, 
and celebrating its 25 th anniversary 
this year, should in the next f ive to 
six years become one of the major 
wor ld centres for particle physics 
research. 

The road is marked UNK, a 21 
ki lometre tunnel eventually to 
house three proton rings. Construc
t ion w o r k began modest ly in 1984 , 
however a t op level M o s c o w deci
sion last year p romoted UNK to 
priori ty status (January/February is
sue, page 3). The plan n o w is to 
have a 4 0 0 GeV ring of conven
tional magnets (UNK-1) injecting 
into the UNK-2 superconduct ing 
ring attaining 3 TeV (3000 GeV) 
feeding f ixed target exper iments. If 
all goes we l l , the UNK f ixed target 
programme should be underway by 
1994 . 

A second superconduct ing ring 
(UNK-3) wou ld add 6 TeV pro ton-
proton coll isions to the experiment
al programme several years later. 
Another result of last year 's t op 
level decision is the plan to con
struct a big linear electron-posi t ron 
collider alongside UNK, eventually 
to attain mul t i -TeV energies. The 
Novosibirsk Laboratory is acting as 
scientif ic coordinator for this part 
of the project , and the f irst cont in
gent f rom Novosibirsk is gett ing in
stalled at IHEP. 

Conventional magnets for UNK-1 
are n o w arriving in quanti ty f rom 
Leningrad. Development w o r k for 
the superconduct ing magnets to 
steer the higher energy beams in 
UNK-2 and UNK-3 began w i th 
w a r m iron (Fermilab-type) magnets. 
Fields attained 6.2 tesla, wel l 
above the design figure of 5 tesla, 
but tests revealed substantial heat 
leaks, unwelcome in a 21 ki lometre 
ring. 
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Prototype six-metre cold iron superconduct
ing dipole magnet under test for the UNK 
machine being built at the Soviet Institute for 
High Energy Physics (IHEP), Protvino, near 
Serpukhov. Supplying 3 TeV (3000 GeV) 
proton beams, the 21 kilometre UNK ring, 
scheduled to come into operation by 1994, 
should then be the world's highest energy 
machine. 

At tent ion turned to a cold iron 
(HERA-type) design, w i th a simpler 
cryostat . W i th increased supercon
ductor current-carrying capacity 
and using 16 wires per cable in
stead of 2 3 , the amount of super
conductor could be reduced by 3 0 
per cent. Af ter 3 0 short model 
cold iron magnets were put 
through their paces, t w o full length 
six-metre cold iron dipoles per
fo rmed wel l . 

By any standards, building the 
thousands of magnets to equip 
t w o 21 ki lometre superconduct ing 
rings is a considerable technologi
cal and logistical challenge. Nio
bium-ti tanium wi re , supplied by So
viet industry, is wound at IHEP into 
cable and insulated. Cryostats are 
also supplied by industry, but IHEP 
is taking on the bulk of the mam
moth task of assembly work . 

The f irst 100 six-metre cold iron 
magnets should be completed in 
IHEP's existing assembly shops 
next year. For the main assembly 
task, a vast 2 0 , 0 0 0 square metre 
hall has been built, and the on-site 
manpower wil l be considerably in-

V IHEP will assemble the thousands of su
perconducting magnets for the high energy 
UNK-2 and UNK-3 rings (both fixed target 
and collider physics are foreseen). Here is 
one wing of the new 20,000 square metre 
magnet assembly hall at IHEP, showing 
some of the first conventional magnets 
(manufactured in Leningrad) for the 400 GeV 
UNK-1 ring. 

(Photos G. Eraser) 

creased. When wo rk is in full 
sw ing , each of the three main pro
duct ion lines should deliver one 
magnet per day. 

The vast refrigeration sys tem, 
supplied by the 'Cryogenmash' 
agency, wi l l use six main liquifiers 
( two of which wil l normally be held 
in reserve) w i th satellite liquifiers 
around the r ing, Fermilab-style, to 
provide 6 0 , 0 0 0 wa t t s of cool ing 
power for a maximum of 10 ,000 
litres of liquid helium per hour. 

W i t h additional manpower now 
available after last year's high level 
decis ion, about half the tunnell ing 
wo rk is complete, and good pro
gress is being made. A full face 
boring machine is soon to make an 
appearance, driving out f rom the 
ring towards the experimental area 
for f ixed target experiments. A se
cond such machine is also on the 
cards. Tunnell ing should be com
plete late next year. 

Meanwhi le the experimental pro
gramme at the existing IHEP 70 
GeV 1.5 ki lometre synchrotron 
continues to develop. Physicists 
foresee about f ive years before the 
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machine has to undergo a major 
shu tdown to adapt t o its new role 
as the UNK injector, supplying 5 x 
1 0 1 3 p ro tons per pulse. 

In the meant ime an internal tar
get and four extracted beam zones 
cater for a range of s tudies, includ
ing the G A M S mul t i -photon detec
tor (May issue, page 21) , and a 
new mult ipart icle spect rometer . 

Neutrino physics uses a new 
complement of detec tors , including 
a big counter exper iment in the 
w ide-band beam and t w o 2 0 metre 
tanks of liquid argon w i t h alumin
ium targets for exposure t o a tag 
ged beam. The S K A T heavy liquid 
bubble chamber, the w o r l d ' s last 
big detector of this t ype , is still 
available. 

Fol lowing an international w o r k 
shop on UNK exper iments last year 
(see May issue, page 1), ideas for 
the future experimental p rogramme 
began to take shape (see J u l y / A u 
gust issue, page 6). A s tudy of 
spin ef fects using a gas jet target 
wi l l be the f i rst exper iment to get 
underway, using the UNK-1 r ing, 
but wi l l be subsequent ly transfer
red to UNK-2. Other proposals for 
f ixed target w o r k include studies 
w i t h hyperon beams and polarized 
beams, and several exper iments 
using new spect rometers . For the 
coll ider, a big calor imetr ic detector 
and a streamer chamber s tudy are 
being put f o rwa rd . 

However the si tuat ion is still fair
ly f lu id , and more proposals w o u l d 
be w e l c o m e d , especially if these 
bring in outside col laborat ion. 
These should appear soon , before 
civil engineering plans are finalized 
for the start of experimental hall 
const ruct ion in 1990 . It is hoped to 
have the experimental p rogramme 
decided by the end of 1989 . 

A further wo rkshop on the UNK 
experimental p rogramme is to be 
held at Protvino f r om 2 0 - 2 4 March. 

25 years 

The Soviet Institute for High En
ergy Physics (IHEP) at Protvino, 
near Serpukhov in the Moscow 
region, this year proudly cele
brated its 25th anniversary. 
While awaiting completion of 
the 21 kilometre UNK ring, the 
world's largest proton machine, 
the Laboratory continues to be 
centred around the 70 GeV pro
ton synchrotron. 

When it came into operation 
in 1967, this machine supplied 
the world's highest particle ener
gies, a position it held until the 
arrival of CERN's Intersecting 
Storage Rings and Fermilab's 
500 GeV machine in the early 
1970s. This first look at an un
explored physics terrain naturally 
led to several early important re
sults. 

Under an agreement between 
CERN and the USSR State Com
mittee for Atomic Energy signed 
in 1967, joint CERN/IHEP experi
ments soon got underway at the 
70 GeV machine. One early re
sult was the interesting 'scaling' 
behaviour of the production 
rates of different particles. With 
the kinematics appropriately 
scaled, measurements using dif
ferent particle beams fell into 
line, suggesting that effects due 
to the quark constituents (in 
those days known as partons) 
of nucleons were becoming im
portant at these higher energies. 
Landmark studies at the Stan
ford linac discovered these ef

fects using electron beams in 
1968, but the IHEP results were 
the first time such behaviour had 
been seen using beams of ha-
drons (strongly interacting parti
cles). 

Before the CERN Intersecting 
Storage Rings (ISR) opened up 
new energy horizons in the early 
70s, experiments with the IHEP 
machine provided the first indi
cations of particle affinities (total 
cross-sections) beyond the ener
gies previously surveyed at 
CERN and Brookhaven. Instead 
of falling with increasing energy 
(as had been observed previous
ly), these cross-sections were 
seen to flatten out, and, with 
positive kaons, even rise, herald
ing what was to come at the 
ISR. 

Other physics highlights have 
included the sighting of the anti-
triton (the antinucleus of helium-
3) in 1971 and the discovery in 
the mid-70s of high spin me
sons which provided valuable 
fuel for the quark model of parti
cles. A decade of painstaking 
studies has provided valuable 
new insights into the behaviour 
of light mesons, with many rare 
decay modes having been seen, 
while spectrometers (including 
the GAMS photon spectrometer 
developed under the 
CERN/USSR agreement) have 
evidence for exotic mesons out
side the simple quark model (see 
page 25). 
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