
News from abroad Dr. Budker photographed during one of his 
seminars given at CERN on the Novosibirsk 
plans for particle-antiparticle colliding beam 
experiments. 

Novosibirsk 
For two weeks at the end of Apr i l , the 

Intersect ing Storage Rings Department 
was host to a group of scient ists f rom the 
Laboratory for Nuclear Studies, Novosi ­
birsk, USSR. (See also Comment, page 82). 
The party consisted of the Director of the 
Laboratory, Dr. A. Budker, his wi fe, Dr. B. 
Sidorov and Dr. B. Chir ikov. 

Dr. Budker gave two seminars dur ing 
his visit, ent i t led 'Current e lect ron-e lectron 
and electron-posi t ron co l l id ing beam expe­
r imentat ion at Novosibirsk ' and T h e con ­
st ruct ion of co l l id ing beam machines for 
25 GeV proton-ant iproton and 3 to 5 GeV 
electron-posi t ron exper iments at Novosi­
birsk' . 

The f irst talk was concerned wi th the 
storage rings already bui l t : VEP 1, an 
e lect ron-e lectron device buil t pr inc ipa l ly 
to study the problems of par t ic le beam 
storage but wh ich , wi th di f f iculty, has 
been used for some exper iments ; and 
VEP 2, an electron-posi t ron device (2 X 
700 MeV) designed for exper iments, at 
wh ich some signi f icant physics wi th 
co l l id ing beams has already been done. 

Two fascinat ing short f i lms were shown 
of the synchrot ron radiat ion coming f rom 
the orb i t ing part ic les. The synchrot ron 
l ight enables the beam behaviour in the 
r ings to be observed in detai l . It is easi ly 
possible to fo l low with the naked eye the 
effect of induced instabi l i t ies on the beam 
prof i le by observing the light. Conversion 
of radio- f requency power fed into the 
beam, to synchrotron l ight emit ted is 
pract ica l ly 1 0 0 % eff icient. Indeed, Dr. 
Budker said that one electron cou ld be 
t raced f rom the l ight it emits. Since the 
storage rings hold the part ic les in orbi t 
for many hours, it is possible to watch 
a s ingle e lectron, go home to bed, and 
return next morning to see the same 
e lect ron sti l l turn ing round the r ing. 

The second talk concerned the very 
ambi t ious storage rings project for wh ich 
bui ld ing is now wel l under way at Novo­
sibi rsk. The intr icate system is des igned 
to make possible e lectron-posi t ron ex­
per iments at 3 to 5 GeV per beam and 
proton-ant iproton exper iments at 25 GeV 
per beam. 

The electron-posi t ron device for energies 
up to 3 GeV is a small oval shaped magnet 
' r ing ' wi th ends of 8 m radius and straight 
sect ions of 12 m. The vacuum vessel cross-
sect ion is 3 X 7 cm and the magnets, to 
give a f ie ld up to 18 kG, are cast in 50 ton 
b locks each b lock giving one FODO 
sequence. Electrons are in jected after 
accelerat ion to 650 MeV in a small ironless 
synchrotron of 1 m radius. They are 
d i rected onto a target to produce positrons. 

New techniques have been developed to 
achieve a high and contro l lable y ie ld of 
posi t rons. They involve the use of a specia l 
magnet lens system (an x-x lens — so 
cal led because of the shape of the pole 
profi les) wh ich gives extremely high ma­
gnet ic f ie ld gradients result ing in a very 
short focal length for the part ic le beam. 
The target sits at the focal point between 
two of these x magnets and the beam 
approaches the target wi th such w ide 
angles that scat ter ing in the target does 
not add much to angular spread and the 
second magnet catches a high intensity 
posi t ron beam. 

A further ref inement, known as 'the 
dol lar system' f rom the shape it had in 
its init ial concept ion , introduces an omega 
shaped loop in the beam. In the loop the 
beam traverses wedges of t r iangular 
cross-sect ion — the faster part ic les, at 
greater radi i , pass through more of the 
wedge and are s lowed down most. This 
system compresses the energy spread to 
about 1 % before .the beam is d i rected 
onto the target g iv ing an increase of a 
factor of four in the y ie ld of posi trons, 
though involving some increase in the 
angular d ivergence of the positron beam. 

The posi t rons are captured in the r ing 
and their osc i l la t ion ampl i tudes are damped 
by radiat ion. There is then room for the 
in ject ion of more posi trons and in ject ion 
proceeds unti l the desi red beam intensity 
is obta ined. Electrons are then fed in and 
the e lectron and posi t ron beams are 
s imul taneously accelerated to the desi red 
energy for co l l id ing beam exper iments. 

They hope to complete the e lectron-posi ­
t ron r ing by the end of this year and to 
start exper iments wi th it by the end of 
1968. 
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In preparation for the proton-ant iproton 
system, experiments have been carr ied 
out on the use of gas jets for charge 
exchange inject ion into accelerat ing rings. 
In the experimental set-up, a 1.5 MeV Van 
de Graaff machine produces negative 
hydrogen ions. These are converted to 
neutral ions by being passed through a 
fair ly low velocity jet which str ips off one 
electron, and then injected into a small 
diameter betatron ring. There, another gas 
jet, wi th a velocity of twelve t imes the 
speed of sound, converts them into protons 
wh ich can be accelerated to 600 MeV. 

This use of jets is another novel develop­
ment at Novosibirsk. Eff iciencies of 75 % 
in part ic le conversion are achieved and 
the very fast jets in the accelerat ing rings 
do not cause much disturbance to the high 
vacuum. Good inject ion of charged par­
t ic les into very small r ings would be 
pract ical ly impossible. 

The proton-ant iproton system starts by 
charge exchange injection into an ironiess 
synchrotron of 1 m radius. It is expected 
that 3 X 10 1 1 protons can be accelerated 
to 3 GeV in this r ing. 

The protons are then injected into a 
large oval with .ends of 45 m radius and 
36 m straight sections, around which the 
experimental halls are built. Accelerat ion 
cont inues in the large oval to 25 GeV and 
the protons are then directed onto a target 
to produce antiprotons. It is hoped to 
achieve about 10~7 ant iprotons per pulse. 

The antiprotons are stored in the smaller 
oval used for the electron experiments 
and there they are 'electron cooled ' . This 
new technique was descr ibed in CERN 
COURIER vol. 6, page 219. It serves to 
take the random motion out of the ant i -
proton beam which then reduces to 1 mm 
diameter. The whole cycle, as descr ibed 
above, wi l l be repeated about 1000 t imes 
to accumulate an ant iproton beam of 10 1 0 

part icles. 

A further 120 pulses of 3 GeV protons 
are injected into the big oval and wi l l 
bui ld up a proton beam of 10 1 4 part icles. 

When the large oval is f i l led with pro­
tons, the magnet f ields in the two ovals 
are equalized and the ant iproton beam is 
brought into the big oval and the energy 
of the protons and antiprotons is raised 

to the desired value for col l id ing beam 
experiments. An interaction rate of 2 X 
10Vs has been calculated which is ample 
for experiments, al lowing a large safety 
factor if al l the compl icated processes 
do not operate as efficiently as expected. 

Construct ion of one large experimental 
hall and of the tunnel for the big oval is 
complete. They hope to have all the 
components of the big oval installed by 
the end of 1968 and to be ready for ex­
periments by 1970. 

Stanford 
Two art icles in the Apri l issue of 'Physics 
Today' report on the performance of the 
20 GeV electron linear accelerator and on 
the experimental programme coming into 
effect at the Stanford Linear Accelerator 
Centre. 

In January of this year, the design 
energy of 20 GeV was achieved. (High 
energy beams (10 GeV) first travel led the 
ful l length (3 km) of the accelerator in May 
1966.) The beam current is between 1 5 - 3 0 
\xA at a pulse repetit ion rate which can 
increase to 360 per second. About 90 % 
of the beam current measured close to the 
injector can be accelerated along the ful l 
length of the machine. It is possible to 
accelerate simultaneously at least three 
t ime-inter laced beams to different energies 
and with pulse-length and intensity inde­
pendently control led — thus experiments 
can proceed at the same t ime in several 
physical ly separated areas. 

A positron beam is required to emerge 
about 2/s along the accelerator length for 
the proposed electron-positron storage 
ring to be built in association wi th the 
linear machine. A converter can be intro­
duced about V3 along to produce positrons 
and it is hoped that positron beams of 
2.5 X 10 1 t part icles with an energy spread 
of about 1 % can be accelerated. 

For the experimental programme, elec­
t ron, positron, photon and muon beams 
in part icular wil l be available. Detection 
equipment wi l l include three large spectro­
meters (the largest weighs 1700 t and is 
50.2 m long); two magnet spark chambers 
(one using a magnet of 500 t with a f ield 
of 15 kg) and a streamer spark chamber 
2.4 X 1.2 X 0.6 m in volume; and two 

hydrogen bubble chambers (one of 1.02 m 
diameter and one with an effective length 
of 2.08 m). 

The approved experiments include 
elastic electron-proton scattering to con­
t inue the examinat ion of the electro­
magnetic structure of the proton; photo-
product ion experiments ( including the 
photoproduct ion of antiprotons and of 
strange part icles), a search for new 
part ic les (part icularly those having only 
electromagnet ic or weak interactions); and 
muon-proton elastic and inelastic scatte­
r ing. 

Frascati 
The electron-positron storage ring, ADONE, 
wi th a maximum energy of 1.5 GeV per 
beam, is nearing complet ion at the 
Frascati Laboratory, Italy. 

The inject ion system was completed in 
Autumn 1966. It provides pulses of elec­
trons of up to 100 mA peak current wi th in 
an energy spread of 2 % , at an energy of 
350 to 400 MeV. Pulses of positrons are 
produced at up to 1 mA peak current. The 
linac injector can operate at 250 pulses 
per second and can send beams direct to 
an experimental hall as well as feeding 
the storage ring (only 2 or 3 pulses per 
second are needed for the storage ring). 

Accelerat ion to 1.5 GeV takes place in 
the storage ring itself where two r. f. 
cavit ies are instal led to accelerate the 
part ic les and to make up the energy lost 
by synchrotron radiat ion. The ring has a 
mean diameter of 16.7 m (the radius of 
the magnet sections is 5 m) with four 
beam intersection regions. The cross-
sect ion of the vacuum vessel is 14 X 7 cm. 
It is hoped to store 2 X 10 1 1 part icles per 
beam. 

Japan 
The Japanese Government has approved 
the construct ion of a 40 GeV alternat ing-
gradient synchrotron. This was recom­
mended by the Japanese Science Counci l 
in the 'First-Five-Year Plan' for long range 
research projects, presented in October 
1965. 
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