
Around the Laboratories 

for particle beams, which demon
strated the feasibility of ambitious 
projects to collide beams of protons 
and antiprotons. High intensity, low 
energy antiproton beams from the 
LEAR project will in a few years time 
open up a new range of investiga
tions at the PS. 

Finally, it should be remembered 
that the PS is the source of all the 
high energy beams used at CERN, so 
that the machine continues to con
tribute to physics, both directly and 
indirectly. 

The future looks full of interest 
with the challenge of the antiproton 
project, and the low energy antipro
ton work with LEAR in the South 
Experimental Hall means that the PS 
will retain its own novel physics 
programme. 
A possible location of VLEPP superimposed 
on a plan of Akademgorodok near 
Novosibirsk with the colliding beam region 
close to the existing buildings of the Institute 
of Nuclear Physics. 

NOVOSIBIRSK/ 
STANFORD 
Colliding linac beams 
The possibilities of colliding beams 
from linear accelerators have been 
investigated by several people in 
recent years and have recently 
become a focus of attention in accel
erator physics following the realiza
tion in the course of the ICFA work 
(see page 397) that storage rings 
run into severe limitations at ener
gies of a few hundred GeV. Two 
projects have emerged as a conse
quence of this attention. One is a 
multihundred GeV electron-positron 
colliding linac beam system being 
studied at Novosibirsk and the other 
is a 'single pass collider' using loops 
of magnets on the end of the Stan
ford linac. 

The present thinking about the 
possibility of colliding electron and 

positron beams at the Nuclear 
Physics Institute in Novosibirsk first 
emerged at the international semi
nar in April 1978 organized to mark 
the 60th anniversary of Gersh 
Budker's birth. The paper was by V.E. 
Balakin, G.I. Budker and A.N. Skrins-
ky. It examined the feasibility of an 
electron-positron collider with beam 
energies of several hundred GeV 
based on linear accelerators. 

The scheme is known as VLEPP 
and is at present envisaged as reach
ing peak energies of 300 GeV per 
beam probably beginning with 
100 GeV linacs. There are several 
special features in the design. Very 
high accelerating gradients would be 
used (100 MeV/m) resulting in a 
smaller length for the whole system 
(linacs each about 3 km long for the 
peak energy). Such a high gradient 
will require power supplies capable 
of gigawatts of peak power in 1 |is 
pulses some ten times per second. 
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Sources with similar parameters 
have been developed for plasma 
physics experiments and the power 
requirements may not therefore be 
too difficult to meet. The average 
power consumption of VLEPP is not 
frightening (about 40 MW). 

To achieve the design luminosity 
of 10 3 3 per cm per s requires the 
acceleration of 10 1 2 particles per 
bunch in single bunches of very low 
emittance which are subsequently 
focused to a cross-section of 1 jimat 
the collision point. Even the passage 
of a single bunch through a linear 
accelerator structure produces an 
instability in the transverse direction 
and achieving the high quality 
bunches seems hard. However the 
work at Novosibirsk indicates that 
the instability can be suppressed. 
Also the emittance needs to be pre
vented from growing by ensuring 
precise alignment (1 urn) of the main 
focusing lenses. 

After collision of the particles the 
two beams can each be taken 
through a spiral magnetic wiggler 
where they will emit circularly polar
ized gammas of tens of MeV energy. 
These gammas can be used to 
regenerate electrons and positrons 
which will be polarized so that 
VLEPP could gain the additional 
information which will come from 
studying collisions of polarized parti
cles with full luminosity. The regen
erated electrons and positrons 
would be precooled to a very low 
emittance in a small storage ring 
(using the synchrotron radiation em
ission to do the cooling) at about 
1 GeV before being injected again 
into the two linacs via 180° bending 
magnets at each end of the 
system. 

The design has the convenient 
feature that the length of each linac 
could be increased in order to move 
to higher energies without inter-

fering with experiments using the 
linac sections already built. Thus 
100GeV experiments could start 
while the extensions to reach 
300 GeV were under way. The 
Novosibirsk Nuclear Physics Insti
tute is optimistic that the project will 
be implemented sometime in the 
years to come. 

At Stanford, Burt Richter pres
ented a note in August entitled 
'Conceptual design of a linear 
colliding beam system to reach 
100 GeV in the centre of mass'. 
It resulted from the work of a 
subgroup of an 'Advanced Accelera
tor Task' comprising also Gregg 
Loew, Roger Miller, Dave Ritson and 
Rae Stiening. The aim is to build 
low cost facilities for the study of the 
Z, the neutral intermediate boson. 

Major features of the operation 
sequence of the scheme are as 
follows: Electrons accelerated in the 
SLAC linac (using lengthened SLED 
pulses) emerge at an energy of 
50 GeV to produce positrons from a 
target. These positrons are acceler
ated to about 1 GeV in a small linac 
and transported to the injection end 
of the main linac where they are 
'cooled' by synchrotron radiation 
damping in a small storage ring. 
Several bunches each containing 
some 5 x 10 1 0 positrons are stored, 
since the cooling time will exceed 
the foreseen 5 ms repetition rate for 
the collider, and the one which has 
cooled longest is pulled out for injec
tion into the linac. 

A single intense electron bunch is 
injected about 20 m behind the posi
tron bunch so that each has about 
the same intensity and emittance. 
Further electron bunches are accel
erated behind the intense electron 

Sketch of the single pass collider system 
being studied at Stanford. The operating 
sequence, which might allow electron-
positron collision to be studied at energies 
up to 50 GeV per beam, is described in the 
text. 
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A.N. Skrinsky describing VLEPP, the 
Novosibirsk project to collide electrons and 
positrons from linear accelerators, at the 
International Seminar 'Problems of High 
Energy Physics and Controlled Nuclear 
Fusion' which was held at Novosibirsk to 
mark the 60th anniversary pf the birth of 
Gersh Budker. 

(Photos Novosibirsk) 



The first observation of hyper nuclei 
containing sigma particles. Spectra from a 
Heidelberg/Sacla y/Strasbourg collaboration 
at CERN using 720 MeV negative kaons on 
a beryllium target show two sharp peaks 
on the left due to the well-known hypernuc/ei 
containing lambda particles, while the smaller 
peaks in the centre are attributed to sigma 
hypernuc/ei. The two peaks in each case 
arise from different neutron spin states in 
the target nucleon. The bottom scale shows 
the respective binding energies. 

bunch for the production of further 
positrons. The intense bunches 
emerge at 50 GeV and a magnet 
bends them around opposite arms of 
a ring (about 300 m radius) of alter
nating gradient focusing magnets so 
that they collide head-on after being 
focused to a radius around 1 |im. The 
particles are then rejected. 

The anticipated luminosity with 
such a system is 10 3 0 per cm 2 per s 
and the standard model then pre
dicts a ratio of Z production to muon 
pair production of approximately 
5000 with a total event rate of 1 50 
per hour. 

There are a host of accelerator 
physics questions to be answered 
before the construction of such a 
project could be confronted with 
confidence. The Department of En
ergy has been asked for money to 
finance preliminary engineering and 
design. 

CERN 
Hypernuclei w i th 
sigma particles 
Experiments at the 28 GeV Proton 
Synchrotron have created artificial 
nuclei (hypernuclei) containing 
sigma particles. 

Hypernuclei are formed when the 
usual nucleons in atomic nuclei are 
transformed into heavier particles 
(hyperons) by bombarding targets 
with low energy kaon beams. 

The study of these artificial nuclei 
reveals useful new information 
about particle interactions and com
plements the knowledge gained 
from scattering experiments. 

Previously, the only known hyper
nuclei were those containing the 
neutral lambda particle, which at 
1115 MeV is the lightest hyperon. 
The lambda is thus only slightly 
heavier than the nucleon and cannot 

decay through strangeness conserv
ing strong interactions into a nu
cleon and a kaon. 

The heavier sigma is also stable as 
a single particle in strong interac
tions, however sigmas in nuclear 
matter should be able to decay 
through the strong reaction sigma 
+ nucleon -> lambda + nucleon. For 
this reason it was first thought that 
hypernuclei containing sigmas 
would not live long enough to make 

their study possible. 
Recent experiments at CERN by a 

Heidelberg / Saclay / Strasbourg 
collaboration exposed beryllium-9 
and carbon-12 targets to a 
720 MeV separated beam of nega
tive kaons. 

The experimenters searched for 
strangeness exchange reactions 
where the kaons react with target 
nucleons and, after having transfer
red their strangeness to target 
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