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Comment 

The bulk of this issue is given to des
cribing the progress of the CERN-
Serpukhov collaboration. The time is 
appropriate, since major items of 
equipment (around 260 tons in weight) 
are ready for dispatch to the Soviet 
Union or are already on their way. In 
Serpukhov arrangements to receive 
them are nearing completion. In 
addit ion, the large hydrogen bubble 
chamber, Mirabelle (at Serpukhov in 
the context of an agreement with 
France) has taken its first photographs 
receiving particles from the 76 GeV 
proton synchrotron and the start of 
collaborative experiments in bubble 
chamber physics is not far away. 
Collaborative experiments using elec
tronic techniques have been most 
fruitfully under way for several years 
already. 

In recalling briefly the outline of the 
Agreement between CERN and the 
State Committee of the USSR for the 
Utilization of Atomic Energy, con
cerning scientif ic and technical co
operation at the Institute of High Ener
gy Physics at Serpukhov, we wil l 
prepare the way for the fol lowing fuller 
stories on its component parts. The 
Agreement was signed in Moscow on 
4 July 1967. It covered the provision 
from CERN of a fast ejection system 
and radiofrequency separator to be 
used at the 76 GeV synchrotron and 
the participation of CERN scientists in 
the experimental programme at what 
has been for several years the highest 
energy accelerator in the wor ld. 

The ejection system is an extended 
version of that used on the CERN 
proton synchrotron extended to cope 
with higher beam momentum and to 
give greater f lexibil i ty in operation. It 
wi l l be integrated with another fast 
ejection system developed by Ser
pukhov in collaboration with Lenin
grad in such a way that, working 
together or separately, the systems 
can provide ejected protons down 
four different beam lines. The beam-

line towards the Mirabelle chamber is 
being provided by CERN using an 
improved version of the type of trans
port system of the pulsed bending 
magnets and quad rup les used at the 
CERN PS. 

The beam-line to Mirabelle wil l have 
a radio frequency separator developed 
at CERN with more advanced per
formance coming from a new type of 
r.f. cavity and new control systems. 
The 4.7 m hydrogen bubble chamber 
was built at Saclay and then dis
mantled after testing and sent to Ser
pukhov from the spring of 1970. In 
June of this year, reassembly was 
complete and the first photographs 
of beam tracks using 70GeV/c protons 
from the accelerator were taken. It is 
ready for its first experiment with 
unseparated protons of high energy. 
Bubble chamber experiments with the 
r.f. separated beam provided by CERN 
wil l begin early in 1972. Three French 
Laboratories, CERN, and several other 
laboratories from its Member States 
are preparing to receive pictures from 
the chamber and CERN has been 
involved in an advisory capacity in 
some of the preparations for handling 
the data from the chamber. 

As mentioned above the electronics 
experiments have been going very 
wel l for several years. The second 
experiment, working with a boson 
spectrometer, is in full swing and a 
third is already planned in consider
able detail. It wil l quickly follow the 
boson spectrometer experiment on to 
the experimental floor at Serpukhov. 

So well has the collaboration gone, 
it is no longer restricted to a pure dia
logue between CERN and Serpukhov. 
It has widened to include teams rather 
than just individuals from the labora
tories of the Member States. CERN 
still remains the channel of communi
cation with IHEP but this third electro
nics experiment wil l be performed by 
a team from Karlsruhe which is cur
rently at CERN performing a similar 

experiment at lower energies. Other 
arrangements of the same nature are 
already under discussion with experi
ments being proposed by collaborative 
teams from the CERN Member States. 

This introductory paragraph and 
what follows indicate that the spirit of 
the Agreement has been fully imple
mented. Such an extensive and novel 
collaboration cannot be implemented 
without problems but these have been 
surmounted by the vigorous whole
hearted participation of both sides. 

The benefits on the physics front 
needs little emphasis. As a result of 
the agreement, W. European physicists 
have had access from the beginning to 
the highest energies available and 
Soviet physicists have been able to 
participate more fully in the CERN 
programme of research and develop
ment while their machine was being 
completed. But the collaboration has 
important implications also in terms of 
relations between nations. 

Since the Agreement there have 
been other examples of getting to
gether in the field of high energy phy
sics notably the protocol signed by the 
US AEC and the USSR State Commit
tee (described in vol. 10, page 393) 
and a group from the University of 
California at Los Angeles working in 
collaboration with Dubna has just 
completed data taking on pion elec
tron scattering. It does not seem too 
presumptuous to suggest that the 
CERN-Serpukhov collaboration has 
done a great deal to improve the 
contacts not only between scientists 
in Europe but also between peoples 
in the wor ld. 
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Fast ejection 
From information supplied by B. Kuiper 

'Mastodont ! ' — exclaimed Kyril Petro-
vic Myznikov on entering the Cesar 
Hall at CERN in Apri l of this year 
where the delay-l ine pulse generators 
for the Serpukhov kicker magnet were 
in full assembly. (Myznikov is Head of 
the Division responsible for beam 
extract ion, targett ing and high energy 
performance at IHEP.) This echoed the 
reaction of many visitors in part icular 
those who think of eject ion as a form 
of gadgetry. Indeed, the technique has 
come a long way since the first proton 
beam was extracted from the PS in 
1963 (see vol. 3, pp. 63 and 79) using 
equipment designed by the same 
group. The Serpukhov full aperture 
kicker magnet system, for example, 
has a stored pulse energy of around 
20 kJ, roughly 45 t imes the energy of 
the first PS kicker and more than 8 
t imes the energy of the next gener
at ion full aperture kicker magnet 
(FAK) project, presently being dis
cussed for the PS. 

CERN 176.8.71 1. 

912 

This sets the scale of the project ; 
the size is due partly to the higher par
t icle energy and longer pulse length 
(accelerator circumference), partly to 
the size of the aperture and partly to 
the l imited length of the straight sec
tions. Moreover the performance re
quired is very complex. The specif ica
tion calls for the ejection of three pro
ton bursts per accelerat ion cycle into 
three different beam channels wi th, 
at choice, three different numbers of 
proton bunches and three different 
eject ion t imes and energies. This has 
important consequences in most parts 
of the ejection system, i. e. in all power 
supplies, in the two septum magnet 
systems, in the moving mechanism, in 
the vacuum system and in the electro
nics. 

Unlike the pulsed proton beam trans
port system and the radio frequency 
particle separators which may be treat
ed in a relatively independent manner 
once the interface condit ions are set-

CERN 192.8.71 2. 

1. Beam characteristics at ejection are to be 

processed by a minicomputer. Jacques Nuttall 

and Fabio Fabiani are checking hardware with 

software. 

2. The ten full aperture kicker magnet modules 

are contained in a 3 m vacuum tank, shown on 

its platform. Bernard Feral adjusts the resistor 

boxes. The high voltage pulses arrive over 120 m 

of special cables. 

3. A pulse generator of one of the two septum 

magnets shown in front of the power modules of 

its charging supply. Herman van Breugel inspects 

storage capacitors. 

t ied, the fast eject ion system has to 
become an integrated part of the 
accelerator. All the proton distr ibution 
equipment is concentrated in a small 
f ract ion of its c i rcumference between 
straight sections 16 and 28 (see vol. 
10, p. 31). Three fast ejection channels 
A, B and C and two slow ejection 
channels B and D are there interlaced 
with a number of secondary beam 
channels using internal targets. 

The situation entails a large number 
of spatial constraints and problems of 
compatibi l i ty of construct ion and of 
performance of the various systems 
with each other and with the acceler
ator. Part of these constraints became 
evident only gradually as the design of 
some of these channels evolved simul
taneously with the CERN system. It is 
also obvious that this concentrated 
mixture of systems and responsible 
groups provides a highly ferti le ground 
for endless discussions on who is do
ing what to the beam, unless there is 
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To the right — accelerator parameters. Below — 
important dates in the fast ejection project and 
components of the system with a schematic 
drawing, alongside, of the system as it will be 
incorporated in the Serpukhov accelerator. 

D A T E S 

End 

J u l y 1967 
S e p t 1967 
Jan 1969 

M a r c h 1969 

Yea r 1969 
Yea r 1970 
Yea r 1971 

F i rs t t e c h n i c a l d i s c u s s i o n on 
e j e c t i o n 
A g r e e m e n t s i g n e d in M o s c o w 
Draf t d e s i g n s t u d y p r e s e n t e d 
G e n e r a l s ta r t of t e c h n i c a l w o r k 
f o r S e r p u k h o v 

F ina l d e s i g n s t u d y p r e s e n t e d 
a n d s i g n e d by b o t h p a r t i e s 
P r o t o t y p e s a n d d e s i g n 
C o n s t r u c t i o n a n d f a b r i c a t i o n 
A s s e m b l y , t es t s a n d t r a n s p o r t 
t o S e r p u k h o v 

Ear l y 1972 F i rs t e j e c t i o n ( h o p e f u l l y ) 

E J E C T I O N R E Q U I R E M E N T S 

E j e c t i o n c a p a b i l i t y f r o m 30 t o 76 G e V (d i f f e ren t 
pe r shot ) of 1 to 30 b u n c h e s of p r o t o n s (d i f f e ren t 
pe r shot ) w i t h up to 3 s h o t s per c y c l e at 250 ms 
in te rva l in to d i f f e r e n t c h a n n e l s . 

C O M P O N E N T S 

— Fu l l a p e r t u r e k i c k e r : K M 16 - 14 x 10 c m 2 

a p e r t u r e , 3 m l o n g w i t h 0.1 T f i e l d g i v i n g 
1 m r a d d e f l e c t i o n at 70 G e V ; p l u s p u l s e g e 
n e r a t o r s a n d p o w e r s u p p l i e s . 

— T w o s e p t u m m a g n e t s : S M 24 - 3.5 X 3 c m 2 

a p e r t u r e , 1.5 m l o n g w i t h 1 T f i e l d g i v i n g 
4 m r a d d e f l e c t i o n at 70 G e V a n d S M 26 ( m o 
b i l e ) - 6 X 3 c m 2 a p e r t u r e , 3 m l o n g w i t h 
1.4 T f i e l d g i v i n g 15 m r a d d e f l e c t i o n at 
70 GeV ; p l us p u l s e g e n e r a t o r s a n d p o w e r 
s u p p l i e s . 

— T h r e e v a c u u m t a n k s f o r m a g n e t s . 
— T h r e e v a c u u m s y s t e m s a n d c o n t r o l s . 
— O n e h y d r a u l i c m o v i n g m e c h a n i s m p l us p u m p 

s t a t i o n a n d c o n t r o l s . 
— P r o g r a m m i n g a n d t i m i n g s y s t e m . 
— B e a m d i a g n o s t i c s y s t e m ( p i c k - u p s , o n - l i n e 

c o m p u t e r a n d d a t a d i s p l a y , 
— G e n e r a l c o n t r o l and i n t e r l o c k s y s t e m . 
— P u l s e m o n i t o r i n g s y s t e m . 

adequate beam diagnostic equipment 
specially tailored to yield the relevant 
beam information at the crucial points. 
All these factors helped define the 

) scope of the project. 
The system as a whole had to be 

assembled and tested at CERN before 
shipment, control flexibility had to be 
included to ensure compatibility and 
adequate beam diagnostics had to be 
provided to avoid ambiguous interpre
tations. Interfaces between the con
tracting parties had to be defined such 
as to minimize discussions. 

The project also presented many un
expected aspects which together with 
the substantial technological extrapo
lations necessary and the short time 
available, have caused the group mem
bers many headaches. Moreover, acti
vities have been complicated by the 
language problem, different standards 
and working habits and slow commu
nications. Nevertheless these were 
accepted as a challenge both at the 

ACCELERATOR : 

ENERGY 76 GeV 
INTENSITY 10 1 2 PPP 
REVOLUTION TIME 5 AJS 

BUNCH NUMBER 30 
AVERAGE RADIUS 227 m 
BEAM DIAMETER 20 mm 

MAGNET CYCLE 

23$ _ 15s 1 8 s 
y 

7,8 s 

FAST SLOW EJECTION CHANNEL 
MADE BY KOMAR , LENINGRAD 
FAST FOR NEUTRINOS , SLOW FOR 
COUNTERS, ETC. 

I SM 28 
I STATIONARY 
I SEPTUM MAGNET 
| (LENINGRAD) 

PROTON BUNCHES 

- 2 0 0 ^ S ^ ^ -200 jus ^ 

r 
8kA 

I 
|~150 ns| 0,15-5,1 us ^ 

VARIABLE ACCORD
ING TO NUMBRE OF 
BUNCHES TO BE 
EJ ECTED 

technical and personal level. 
Indeed such an effort by the relative

ly large number of persons involved 
would have been impossible without 
repeated proof of the goodwill of all 
parties involved and the exercise of 
patience and understanding, on both 
sides, and personal motivation going 
beyond simply making an ejection sys
tem for an accelerator. 

The tangible result of the endeavour 
is now conspicuous in the Cesar Hall 
in terms of closely packed, bulky (and 
noisy) steel constructions and a series 
of well filled electronic racks in a 
mockup control room in building 15. 
The equipment has been practically 
completed and is in the last stages of 
assembly and testing. 

In retrospect, the time of two and a 
half years for prototyping, design, con
struction, installation and testing has 
been very close to the limit. Normally 
such a project would go in parallel 
with a larger one and the timescale 

would be more comfortable. It has only 
been possible because of: (i) the 
group's previous project and ejection 
experience, in particular constructing 
the Straight Flush facilities (vol. 8, p. 
175) the principles of which have been 
followed for the Serpukhov equipment; 
(ii) a typical project group structure, 
with complete priority on the services 
of a number of designers, draftsmen, 
mechanics, machine tools and electro-
nicians with their laboratory ; (iii) a 
closely watched, flexible planning 
which could constantly be adapted 
to changing conditions of delivery 
and testing. 

In particular, prototype studies have 
overlapped for a long period with the 
final design and construction activities 
and the results have been fed back 
into the latter. Although this last factor 
has inevitably entailed some waste, it 
has proved the more economical way, 
considering the available time and 
the general context of the project. 
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4. Vacuum tank for the stationary septum 

magnet being inspected by Albert Bertuol 

and Mario Minella. 

5. The end of a septum magnet with connection 

between inner conductor and septum of single 

loop excitation winding. 

6. The fast ejection is linked to the accelerator 

synchronization pulse trains by a complex 

programming and timing system that coordinates 

ejection, beam transport, separators and bubble 

chamber operations. Tasios Kitsakis is testing its 

high level output stages. 

7. The ten kicker magnet modules are powered 

separately by ten delay line pulse generators 

which are paired into five structures. Rene Bonvin 

closes a cover in front of the high pressure 

spar kg ap switches. 

8. The mobile septum magnet moves inside 

a 3 m long vacuum tank, shown together with the 

electrohydraulic servoactuator and precision 

magnet guiding system. Alain Bertuol places 

a TV camera to monitor the motion from 

the mockup control room. 

CERN 183.8.71 

Act ive preparat ions are now being 
made for shipment of the equipment to 
Serpukhov. This in itself is a sizable 
and del icate problem since the 120 
tons and 350 m 3 of equipment must be 
largely disassembled and careful ly 
packed. In order to limit the number of 
handl ings, t rucks of a Soviet transport 
f i rm wi l l be loaded at CERN then un
loaded at IHEP. Transport of the com
plete eject ion system wil l take six 
weeks, t rucks leaving at a rhythm of 
two or three per week. 

Transport wi l l overlap with the first 
stages of instal lat ion at IHEP. A detai l 
ed planning including each operat ion 
has been establ ished and foresees a 
period of three months for disassem
bly, packing, transport, and reassembly 
at IHEP. The two last months of these 
coinc ide wi th a long accelerator shut
down. In the fourth month the acceler
ator wi l l be started up again but there 
wi l l be access on request to the ring 
tunnel for the eject ion group so as to 
complete the overall tests of the equip
ment before f irst e ject ion attempts. 

In the early stages of the discussions 
it had been hoped to install the ejec
t ion system at the Serpukhov acceler
ator, using only a fract ion of the con
struct ion crew for supervision and hav
ing by that t ime suff icient IHEP col la
borators trained and famil iar wi th the 
whole system. For various reasons it 
has now been decided that practical ly 
the whole eject ion group wil l go to 
Protvino and that the installation of the 
equipment wi l l be done largely by 
them. IHEP has had a substantial task 
in providing the bui lding and services 
and making all the necessary prepara
t ions. A small team of CERN eject ion 
special ists wi l l run the system in for 
another three months until CERN is 
satisfied wi th the performance attain
ed. Act ive training of Russian specia
lists wi l l start simultaneously wi th 
installation and the moment of hand
over wi l l be at the end of the running-
in per iod. 
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Beam transport 
From information supplied by 

G.C.J. Davies and A. Ball 

The eject ion system is fo l lowed by a 
beam transport system for the Mira-
belle external proton beam which for 
reasons of economy and compactness 
is pulsed. The project was started at 
CERN early in 1968, the main system 
parameters being f ixed at a jo int 
CERN/IHEP meeting in March of that 
year. The project has been carr ied out 
by 5 members of the TC-L beam trans
port group headed by B. Langeseth, 
al though only F. Volker project co
ordinator, and G .C .J . Davies have 
been occupied full t ime on the pro
j ec t ; the other members have combin
ed their tasks wi th similar work on the 
beam systems for the South-East and 
West areas at CERN. In 1970 A. Aseev 
and A. Afonine f rom IHEP jo ined the 
group to part ic ipate in the f inal manu
factur ing and commissioning stages. 

The proton beam is t ransported f rom 
the eject ion exit w indow in SS28 to the 
external target by way of a system of 
quadrupole lenses and def lectors, the 

main parameters of which are given in 
the table. 

A detai led study of beam opt ics 
undertaken joint ly by special ists at 
CERN and IHEP included simulat ion of 
the beam behaviour under the oper
ation tolerances of the accelerator and 
transport system. Results of this work 
d id not lead to any major changes to 
the system as previously descr ibed 
(see vol . 10, p. 33). An alternative 
focusing conf igurat ion requir ing only 
polarity changes in the power suppl ies 
to the magnets of the final tr iplet has 
been evaluated and the select ion of 
the final focusing system wi l l be made 
on the basis of measurements of the 
ejected beam parameters. The expect
ed beam profi les in the horizontal and 
vert ical planes are shown in the f igure. 

Beam Observation 

The beam observation system consists 
of a remotely operated scint i l lat ion 

screen viewed by a IHEP television 
system which provides information on 
beam posit ion and shape. Beam cur
rent t ransformers are used to monitor 
the beam intensity and evaluate any 
beam losses. The transformer signal 
is processed by an analogue digi ta l 
converter and then numerical ly dis
played. A target charge monitor is 
provided to determine the interact ion 
eff ic iency of the proton beam with the 
target. An ejected bunch counter is 
used to determine the number of bun
ches ejected f rom the accelerator for 
each shot. The display of all these 
units is in the local control room. 

The various detectors and associat
ed electronics have been developed 
and manufactured by CERN whi lst 
IHEP have designed and made the TV 
and associated opt ical system and 
have also made tests on various sc in
t i l lat ion materials. 

With the part ic ipat ion of the visi t ing 
IHEP col laborators, testing and ca l i 
brat ion of the equipment have been 
carr ied out at CERN including beam 
tests on identical equipment in the SE 
neutr ino area. 

Equipment 

The water cooled magnets are of lami
nated steel construct ion wi th mul t i -
turn exci tat ion coi ls. For the 30 mm 
quadrupole the field gradient is 93 T/m 
and for the 70 mm quadrupole the 
gradient is 45T /m. The deflectors pro
vide a f ield of 2 T. Initially a number 
of problems were encountered in the 
magnet construct ion, f irst ly in achiev
ing the high mechanical to lerances 
necessary for good f ield conf igurat ion 
and secondly in obtaining a compact 
energizing coi l capable of wi thstand
ing the high voltages and mechanical 
shock under condi t ions of prolonged 
irradiat ion. These problems have been 
overcome and all magnets have now 
been del ivered to CERN and power 
tested. A programme of detai led 

M A I N P A R A M E T E R S F O R P U L S E D B E A M T R A N S P O R T S Y S T E M 

P r o t o n m o m e n t u m 
D e s i g n v a l u e , e x t e r n a l b e a m e m i t t a n c e 
T a r g e t c r o s s s e c t i o n 
R e p e t i t i o n p e r i o d 
L e n g t h o f b e a m l i n e 

30 - 75 G e V / c 
j t X 10~ 6 r a d . m . 
10 X 2.00 m m 
4 p u l s e s a t 500 m s s e p a r a t i o n e a c h c y c l e o f 8 s 
35 m ( a p p r o x . ) 

Q 1 Q 2 Q 3 Q 4 D e f l e c t o r s 

M a g n e t a p e r t u r e d i a . ( m m ) 30 70 70 70 60 

M a g n e t i c f l u x d e n s i t y a t 75 G e V / c (T) 1.2 0.3 1.2 1.4 0 - 2.0 

M a g n e t i c f i e l d g r a d i e n t ( T / m ) a t 75 G e V / C 78.1 22.0 33.3 39.5 — 
M a g n e t i c e q u i v a l e n t l e n g t h (m) 0.778 1.55 2 X 1.55 2 X 1.55 0.465 

E x c i t a t i o n c u r r e n t f o r 75 G e V / c ( kA ) 2.5 2.0 2 5 3.0 0 - 2.62 

I n d u c t a n c e ( m H ) p e r m o d u l e 0.23 2.1 2.1 2.1 2.4 

R e s i s t a n c e ( m & ) p e r m o d u l e 57 100 100 100 70 

C o o l i n g w a t e r p r e s s u r e ( k p / c m 2 ) 25 25 25 25 25 

E n e r g y s t o r e d in c a p a c i t o r s (kJ ) m a x 10 6 2 X 12 2 X 20 10 

D . C c h a r g i n g v o l t a g e (kV) m a x 5 5 5 5 5 

P e a k p o w e r ( kW) D . C . 50 100 2 X 1 0 0 2 X 1 0 0 50 

A v e r a g e p o w e r ( k V A ) A . C 6 12 2 X 12 2 X 12 G 

C h a r g i n g v o l t a g e s t a b i l i t y : ± 5 . 1 0 -4 

C u r r e n t s t a b i l i t y p u l s e - p u l s e : ± 1.10 -3 

M a g n e t d u t y r a t i o : 0 . 0 3 % ( a p p r r x . ) 

215 



magnetic measurements is now under 
way. One magnet of each type has 
been dealt wi th and is now at IHEP 
ready for installation. 

The tests have conf i rmed the theo
retical predict ion that it is possible to 
use a thin wal led metall ic vacuum 
vessel in the pulsed magnets wi thout 
signif icantly affecting the field conf i 
gurat ion which has greatly simpl i f ied 
the construct ion of the vacuum line. 

The discharge switching units for 
the pulsed current supplies have all 
been delivered to CERN and are under
going final tests before installation at 
IHEP. Thyristors are used as the high 
voltage switching element to discharge 
the energy from storage capacitors 
into the magnet. These circuits have 
a high Q and are designed such that 
the osci l lat ion ceases after the first 
complete cycle. The positive current 
pulse f lows through the magnet and 
the negative pulse via a low loss re
actor with series diodes placed in 
parallel wi th the magnet. 

The prototype charging unit for the 
pulsed current supply has been del i 
vered and is undergoing final evalua
t ion testing. This single stage unit has 
the supply voltage and current regulat
ed by thyristors in the primary circuit 
of the transformer. Considerable dif
f icult ies were encountered in achiev
ing the required voltage stabil i ty for 
high energy beam operation without 
the addit ion of a second stage preci
sion regulation unit in the H.T. second

ary circuit of the transformer. These 
diff icult ies have now been resolved 
and it is hoped that all supplies wi l l 
have been delivered to CERN by the 
end of August. 

A control instrumentation system for 
location in the local control room lias 
been developed and manufactured at 
CERN. The current in the magnet is 
determined by monitoring the current 
in a shunt coupled to an analogue 
digital converter with numerical dis
play. The t iming system for the t r ig
gering of the magnet current pulses is 
provided by a digital t iming unit oper
ated by pulse trains obtained from the 
accelerator. Protective interlocks avoid 
serious damage in case of malfunction 
of any part icular part of the system. 

Commissioning 

The installation and commissioning of 
the pulsed beam transport system wi l l 
be carried out in several stages. After 
cable installation at IHEP the first two 
magnets of the beam transport system 
were to go in during the August 71 
shutdown; the remainder of the beam 
transport magnets and ancil lary equip
ment being installed during the shut
down in October. Between shutdowns 
equipment situated in the beam trans
port supply hall and Local Control 
Room wil l be installed and partly test
ed. The tuning of the beam for oper
ation with the Mirabelle chamber is 
expected to begin early in 1972. 

R.f. 
separated 
line 
From information supplied by H. Lengeler 

Unfortunately no-one has so far found 
a way of predetermining the types of 
part icle and their momenta which are 
produced when a primary beam of 
protons str ikes a target. We have to 
take what comes and then sort out the 
part icular kind of sheep or goat we 
want. Also from the spray of secon
dary part icles produced in a target 
we can only handle those travell ing in 
a relatively restr icted solid angle and 
let the rest go to waste. The bubble 
chamber though is such a sensitive 
device that virtual ly all the charged 
part icles entering it wi l l make tracks 
so that if there are more than a dozen 
or so at a t ime the confusion in the 
picture would make the subsequent 
analysis far too diff icult. 

The problem then is to guide into 
the bubble chamber a small number 
of the chosen particles, contaminated 
as litt le as possible by others of the 
wrong momentum or mass. 

The specif icat ion for the separated 
beam line at Serpukhov requires that 
the contaminat ion of the emergent 
beam should not be in excess of a 
few per cent which means that for 
every desirable part icle lost to the 
experimenters the system should 
have rejected up to 200 000 unwanted 
particles. In pract ice about 5 0 % of 
the wanted part icles successfully 
complete that part of the obstacle 
course set up for them which is across 
the separator. Prior to this a factor of 
10 6 or so has been lost in the momen
tum analysis. 

The system is designed to select 
kaons and antiprotons of momentum 
16-36 GeV/c, pions up to 60 GeV/c 
and protons up to 70 GeV/c. 

The separator is an r.f. system 
similar in pr inciple to that described 
in CERN COURIER, vol. 5, page 35, on 
the occasion of the putting into oper
ation of the 10 GeV/c negative kaon 
line at CERN used first in conjunct ion 
with the 152 cm Brit ish bubble cham
ber. Since that t ime the technique has 
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Mounting of a klystron amplifier. These klystrons 

produce a pulsed 20 MW r.f. power at 2855 MHz. 

HT is applied in pulses of 270 kV with 8 \is 

duration. The r.f. power is fed via a complicated 

waveguide system on a ceramic r.f. window to 

the deflectors. 

Bird's eye view of the r.f. separator. In the fore

ground are the three deflectors of 6 m length 

each with their local control units. Behind are 

the three pulsed power supplies and the 20 MW 

klystron amplifiers which are mounted in oil 

tanks and heavily shielded against X-rays. 

been further developed and the 
present line to the 2 m hydrogen 
chamber is able to work in the 
momentum range 10-20 GeV/c (see 
vol. 7, pp. 125, 252 and vol. 10, p. 31). 

To recapitulate briefly the principle: 
the direct forward going beam of 
secondary particles is first momentum 
analysed by passing through a series 
of focusing quadrupole magnets and 
coll imators to define the acceptance 
angle and then dipole magnets which 
bend the trajectory of the incoming 
particles by an amount dependent on 
their momentum. This is fol lowed by 
a second set of bending and focusing 
magnets to refocus the fraction of the 
original beam that emerges along a 
predetermined line. It is then the job 
.of the r. f. separator to sort out the 
particles according to their fractional 
difference in speed. This is done by 
passing the beam through a series 
of r.f. cavities separated by long fl ight 
paths. In the cavities a travell ing wave 

exerts a transverse force on the 
particles and only those which remain 
in phase throughout are correctly 
diverted out of the direct line and 
avoid running into the beam stopper 
set up in the straight-on direction. 

The increase in energy of the sepa
rated beam in relation to the CERN 
beam requires that the deflecting 
strength of the cavities rises and the 
distances are increased. It was not 
considered practical to go beyond 
the present 20 MW which is near the 
maximum capability of the supply 
klystrons so the length of cavity has 
been increased from 3.50 m to 6 m 
and the distance from the first to the 
third cavity from 50 m to 252 m. 

A single cavity has the general 
appearance of a linear accelerator as 
it consists of a long cylindrical wave
guide inside which are placed trans
verse discs. There are however im
portant differences. Visually one 
notices that the iris in the discs is 

much bigger than in a linac drift tube 
and the distance between the discs 
is constant. More important is the 
mode of operation, as for the sepa
rator, the wave that travels down the 
guide exerts a sideways force on 
the particles. This dipole-mode is 
launched by a specially shaped 
transformer section, coupling the r.f. 
amplif ier waveguide to the separator 
cavity. The process is one demanding 
very high precision in the manu
facture of the components — a feature 
of the whole installation. 

The r.f. is operating at 2855.2 MHz 
(wavelength of 10.5 cm). Any beam 
burst from the accelerator, even when 
fast ejection is used, is very long 
compared to the period of the r.f. 
fields so that particles arrive at any 
phase with respect to the deflecting 
field ; the crucial aspect is that the 
wanted particles stay in the same 
phase and receive a steady deviation. 
Because of the circulating time in the 

CERN 197. 1. 70 CERN 160. 6. 71 
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main ring, the r.f. power must be able 
to cope with an overall injection time 
of 5.2 us. 

Before entering the separators the 
beam diverging from the target has 
passed through two coll imators then 
four quadrupole magnets which 
focuses the beam in the horizontal 
plane and gives a horizontal ac
ceptance of ± 5 mrad and a vertical 
acceptance of ± 3.8 mrad. It then 
passes through two 6 m bending mag
nets, two coll imators, two more bend
ing magnets and finally two quadrupo-
les which focuses the beam in two pla
nes into the centre of the first r.f. sepa
rator. In between each of the three 
separators with an intercavity distance 
of 88 m (1-2) and 164.6 m (2-3) re
spectively are two pairs of quadru-
poles and following the last separator 
is a transport line containing a further 
series of coll imators, and dipole and 
quadrupole magnets which makes a 
second momentum analysis and beam 
shaping for the bubble chamber. 

Work began on the design of the 
separators soon after the signing of 
the agreement, by a group under 
H. Lengeler as project leader and 
made up of the fol lowing : — from 
CERN — deputy project leader : Ph. 
Bernard ; mechanical design : M. Can-
dolf i , M. Kubly ; electronics design : 
CI. Dalmas, F. Grabowski, A. Imsomby; 
J.F. Malo ; J.P. Moussard (part-time) ; 
J.-CI. Prelaz ; R. Romijn ; electronic-
mechanical work : H. Preis; vacuum: 
P. Cottet; drawing of f ice: CI. Ruiret; 
from Serpukhov - electronics: B. Pros-
sin ; deflecting structures and general 
desing : V. Vaghin ; modulators : V. 
Zelenin. Much of the precision manu
facture has been carried out at 
CERN. Contributions from industry 
include three modulators from Ling-
Altec of the U.K., the three 6 m disc 
loaded waveguides which are the heart 
of the separator cavities from CSF, 
France and high power klystrons from 
Thomson-Varian, France. 

The tests on the whole system 
began in March of this year in order 
to be ready for transport to Serpukhov 
by road in mid-July, and the beginning 
of assembly in early August. This 
work should take about two months. 
It wil l be followed by a commissioning 
and tuning period in t ime for oper
ation to start, all being well, early in 
1972. For some time after that it wil l 
be providing separated beams of the 
highest energies available anywhere. 

Mirabelle 

After ejection, beam transport, the 
target, separation of secondary parti
cles and further focusing and trans
port, the surviving paticles finally ar
rive at their destination — Mirabelle. 
This large liquid hydrogen bubble 
chamber with a total volume of 11 000 I, 
7 000 I of which are in the field of view 
of the cameras, has been described in 
earlier volumes of the CERN COURIER 
(see volume 9, page 308 and volume 
10, page 117) as well as the first tests 
which were performed at the labo
ratory responsible for its construction 
— Saclay. This series of tests and the 
improvements based on them enabled 
a physics test experiment to be carried 
out in March, 1970, during which, with 
a beam injected from the Saturne ac
celerator, 50000 pictures were taken. 
These photos have served as the basis 
for the final evaluation of the fi lm 
measuring equipment. 

Dismantling of Mirabelle at Saclay 
began in May 1970. The components 
weighing altogether approximately 
3600 tons were dismantled, packed 
and listed item by item, acording to a 
programme carefully worked out to fit 
in with the schedules for shipment and 
reassembly at Serpukhov. The crates 
were dispatched by road to Le Havre, 
from where they went by sea to Lenin
grad and then on by rail to Serpukhov. 
This complicated operation was suc
cessfully completed for the equipment 
to be all on the site by December. 
Meanwhile, the team responsible for 
the reassembly and operation of Mira
belle, consisting of about fifty persons 
with their families had moved to Ser-
pukohv in September. Reassembly be
gan at once and was completed on 
schedule by the end of the year. The 
speed with which the operation was 
performed reflects great credit on all 
the participants. 

The necessary links were establish
ed between Mirabelle and the Soviet 
support systems: supply of electricity, 
cryogenic and other fluids etc... All of 

which had been prepared well in ad
vance by both teams. 

So, on the morning of 10 June of 
this year, in the hall at one end of the 
450 m long experimental area, Mira
belle came back to life. In four days, 
using a 70 GeV/c proton beam, 20000 
expansions were performed and 4000 
photos taken. These were the first in 
the world to be taken using a proton 
beam of this energy and in a liquid 
hydrogen bubble chamber of this size. 
They are now being studied. A quick 
examination has already shown up 
some interesting points and some of 
the pictures wil l probably be selected 
for measurement. 

This first technical experiment at the 
Serpukhov site, coming after the many 
complexit ies of dismantl ing, shipment 
and reassembly, has proved very en
couraging, especially as regards the 
sensitivity and reliability of the cham
ber. Mirabelle has shown that, with 
its large photographable volume, it is 
a device eminently suitable for experi
ments at high energies. What is more, 
because of the large photographable 
length (4.70 m), interactions occurring 
at the beginning of the chamber can 
be recorded and followed through far 
enough for the physicists to be able 
to investigate them very thoroughly as 
can be judged from the photograph. 

Other experiments wil l take place 
between now and the end of the year 
and then besides the 70 GeV/c proton 
beam already mentioned the radio fre
quency separated beams will become 
available at the end of 1971 or the 
beginning of 1972. A neutrino beam 
has also been planned but it is de
pendent on an increase in intensity of 
the accelerator and on future deci
sions regarding the experimental pro
gramme. 
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A general view of Mirabelle re-assembled at 

Serpukhov. Note the revolving platform which 

simplified assembly and the alignment of the 

chamber with respect to the beam. 

(Photo CEA) 

A photograph taken in the bubble chamber during 

the first tests at Serpukhov in June of this year. 

A representation of an interesting sequence 

of events is shown below. This is one of the first 

ever bubble chamber photographs with such a 

high energy incoming beam (70 GeV/c protons) 

and note how the length of the chamber (4.7 m) 

enables a series of related events to be recorded. 

CERN-
Serpukhov 

collaborative 
experiments 
Most of the above information has 
covered the preparations for exper i 
ments using the bubble chamber 
technique. But we can also now talk 
of three CERN-Serpukhov col labo
rative experiments using electronic 
detectors. The second of them is now 
in full swing at the 76 GeV proton 
synchrotron ; the third is taking data 
at lower energies at the CERN PS. 

The first experiments yielded some 
of the most important results of recent 
years (reported in vol. 9, page 232). 
They showed that the total cross-
sect ions for negative particles became 
virtual ly constant at much lower 
energies than expected and that for 
posit ive part icles, the cross-section in
stead of approaching the negative va
lue in a regular and steady way, has a 
d ip in the curve at intermediate 
energies. These results then do not 
al low one to extrapolate simply f rom 
the data obtained over lower energy 
ranges nor do they conform with the 
favoured predict ions of theory. It looks 
from some of the very first measur
ements at the Serpukhov machine as 
if, as has happened so often in the 
past, access to higher energies is 
feeding cornp[etely new knowledge, 
and we hope ult imately understand
ing, of the behaviour of matter. 

The second experiment performed 
by a joint Serpukhov-CERN team, the 
CERN component being in turn a co l 
laboration between CERN, Geneva and 
Munich, has been taking data since 
about a year ago. It is extending to 
higher energies the very fruitful appl i 
cation of the missing mass technique 
developed at CERN in the mid-60 s. 

The exper iment is to study essen
t ial ly the character ist ics of the x~ par
t ic le which is produced together wi th 
a proton when a pion strikes a p ro ton : 
? t ~ p ^ p + x " . The boson spectrometer 
in its present form (see vol . 10, p. 80) 
not only al lows the x~ mass to be re
constructed but the decay behaviour 
to be fo l lowed in some detai l . 
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The experiment is being performed 
at two incident pion energies — 25 
and 40 GeV/c and for both there are 
two ranges of data taking — the low 
missing mass range from zero up to 3 
or 3.5 GeV and the high mass range 
going from 2 - 3.5 GeV in the first case 
and 3-4.5 GeV in the second. 

The beam is of excellent quality and 
gives per pulse about 500000 pions 
per percent momentum bite which st i 
mulates some 30-50 tr iggers per burst 
and some 10 5 tr iggers per day. Data 
processing takes place in two stages. 
An IBM 1800 is working on-l ine with 
the machine and can handle about 
20 % of the data. In parallel all data 
is stored on magnetic tape which is 
f lown to CERN regularly during run
ning periods for processing on the 
CDC 6600 and on the CDC 3800 of the 
University of Geneva. The number of 
tapes involved is about 7-10 per day 
and, once set up, the transport oper
ation presented few problems. In the 
beginning a 24 hours feed back by 
telex was established so that cal ibra
t ion data was available as early as 
possible on the experimental f loor but 
progressively the absolute necessity 
for this has diminished as conf idence 
has been established in both the re
producibi l i ty of the equipment and in 
the signif icance of that part of the data 
which the IBM 1800 is handl ing. 

The degree of reliabil i ty of the equip
ment and the experience of the col la
borating Serpukhov team have reach

ed the point where the presence of 
only a technician is indispensable and 
CERN people (often to their regret) are 
having to spend less and less t ime at 
Serpukhov. A material contr ibution to 
the ease of starting up again after a 
shutdown has been the technique de
veloped by V. Roinishvili of establishing 
a permanent small f low of argon in all 
the delicate parts of the spark cham
bers : e. g. the magnetostrict ive read
outs. The number of scinti l lators and 
electronics circuits was drastically 
reduced by tr iggering with a propor
t ional chamber built at IHEP by Y. An-
t ipov and F. Yotch. 

The overall surveil lance has been 
also greatly simpli f ied by a data dis
play system developed by A. Lebedev 
which not only takes into account the 
essential features of the system but 
the human engineering aspects, i. e. 
the requirements of the people who 
run it. Repair and maintenance of 
equipment are essentially performed 
by the technicians of the IHEP team 
(group leader: L. Landsberg). 

So far 4 M tr iggers have been ob
served with an average of 0.5 M t r ig
gers per run. The experiment may be 
completed next January after improv
ing the statistics on the interesting 
channels. 

Results so far have been unexpected. 
Instead of a confused mass of addi
t ional effects at higher energies which 
might have been anticipated the re
verse is the case. At both 25 and 40 

Schematic drawing of the layout of detectors 

in the collaborative experiment which is currently 

underway at Serpukhov. 

GeV/c incident energy there is the 
elastic scattering peak at the begin
ning. (The experiment almost inciden
tally is providing information on the 
slope energy relationship of elastic 
scattering cross-sections for x~ p K~p 
and pp reactions. After this initial 
peak which mainly serves to monitor 
the spectrometer system, the most pro
minent other effect is a relatively 
sharp and, even at 40 GeV/c, very clear 
peak at 1.30 GeV — a mass corre
sponding to the mass of the A2 meson. 
What is so surprising is that wel l -
known part icles such as the rho meson 
pale into insignif icance in comparison 
and it can definitely be said in the 
'missing' mass above about 2 GeV 
there is no structure. 

The analysis of several decay chan
nels is now preoccupying the experi
menters, such as for example the 
three-pion decay with spin-parity ana
lysis for which the col laborat ion has 
been extended to include R. Sard and 
G. Ascol i of I l l inois. 

The third col laborative experiment 
involves a Karlsruhe team presently 
working at CERN which wil l l ink up 
with Soviet col leagues from the Insti
tute of Theoret ical and Experimental 
Physics (ITEP) and from Moscow State 
University. They wi l l study neutron-
proton charge exchange scattering 
covering momenta from 8 to 25 GeV/c 
at CERN and 20 to 70 GeV/c at Ser
pukhov. 

The equipment destined for Ser
pukhov is now in action at the CERN 
proton synchrotron. It wi l l be used to 
col lect the lower energy part of the 
experiment's data whi le checking the 
operation of all the components. This 
run is likely to be finished around the 
end of the year and the equipment 
wi l l move to Serpukhov in the spring 
of next year. 
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Heisenberg's Principles 

Remote f rom the noise and bustle of 
Europe's capital ci t ies, in the charm
ing German lake-side town of L indau, 
close to the borders of Austr ia and 
Switzerland, Nobel Prize Winners in 
physics gathered together f rom June 
28-July 2 to talk of their sc ience and 
its interact ion wi th society. 

The first of these annual meetings 
of Nobel Prize Winners was a medical 
congress in 1951. The assembly this 
year was the 21st in the series and the 
seventh where the main theme was 
physics. 

In a varied programme of talks, fo l 
lowed by discussions wi th an invited 
body of students, readers of CERN 
COURIER would have been part icular
ly interested in the conference given 
by Professor Heisenberg in wh ich he 
analyzed his past and present at t i tu
des to the Super Proton Synchrotron 
project. He was reputed at one t ime to 
be strongly opposed to the project and 
to be the eminence grise in German 
science pol icy d iscouraging part ic ipa
t ion. Certainly in a number of inter
views wi th the press he made clear 
that he had reservations about the 
early proposals but reports on his 
views were somet imes tendent ious 
and even, one suspects, apocryphal . 
Here was an opportuni ty to hear f rom 
this great f igure of European physics 
how his thoughts on the project had 
evolved and what new considerat ions 
had led to his approbat ion. Among 
the points raised by Heisenberg in his 
talk were : 

When projects of the size and s igni 
f icance of the 300 GeV are in quest ion, 
it is naive to believe that pol i t ics can 
be ignored. The scale of expendi ture, 
the choice of locat ion, the relevant 
urgency are all matters where publ ic 
discussion is necessary and publ ic 
pol icy, i. e. pol i t ics, is involved. 

First the Physics 

From the physics angle, previous 
exper ience would suggest that the 
avai labi l i ty of even larger machines — 
higher energies — would yield new 
information and new knowledge. More
over the f ield of elementary part ic le 
physics concerns the laws of nature 
to wh ich all physical law can be re
duced, it is, in fact, physics at its most 
fundamental . At the same t ime the 
technological st imulus created by this 
work at the frontiers of knowledge is 
an element of general importance. 
Such arguments certainly were in fa
vour of the construct ion of a machine 
of 100 GeV or so but for sti l l higher 
energies the question of cost and rela
tive value had to enter into consider
at ion. 

There was a question mark too over 
the type of discoveries that can be 
made at higher energies. It could 
be that there is no longer subdiv i 
sion of matter, but only the creat ion 
of new part icles or new part ic le states, 
and cosmic ray evidence had not sug
gested that there was anything more 
fundamental to be found. 

In any case the ISR should reveal 
any basical ly new phenomena and if 
convent ional machines of higher energy 
were then shown to be necessary, one 
should first consider new techniques 
so that they could be built more 
cheaply. 

Competing Claims 

At the level of expenditure required 
for a new synchrotron, sums need to 
be diverted f rom other activi t ies and if 

such a synchrotron is being built co l 
lectively then this is also a drain on 
the national pool of assets. The choice 
to be faced was whether the money be 
spent on a larger machine or, say, new 
university bui ld ings, another school or 
another CERN laboratory, environ
mental protect ion or higher energy 
physics. Choices of this nature were 
disagreeable to make — part icular ly 
when try ing to balance the quest for 
fundamental knowledge against the 
day-to-day problems of the man in the 
street. National defence raised even 
more di f f icul t ies and money for th
coming f rom that d i rect ion must f irst 
be made avai lable by those who are 
responsible for this defence. 

The U.K. had made a posit ive con
t r ibut ion towards resolving this argu
ment by agreeing to part icipate in the 
new CERN programme at the expense 
of their national effort in the same f ie ld 
— even if this were to mean closing a 
national laboratory. It is rare to see 
demands on the State purse, accom
panied by proposals wh ich require 
sacr i f ices by those making the de
mand. 

Dispassionate Advice 

One acute problem facing govern
ments was their dependence on sc ien
t ists for scient i f ic advice and it was 
therefore of pr ime importance that 
there should be no confusion between 
the interested parties and the consult
ative bodies. In a f ield as restr icted as 
high energy physics, advisers were 
inevitably interested and a sacr i f ice is 
then necessary as a proof of good 
faith on the part of the counsel lors. It 
is up to the scientist to convince the 
pol i t ic ian of the genuineness of his 
submiss ions ; the U.K. physicists had 
done so. 

Undoubtedly, the format ion of an 
internat ional communi ty was to be 
encouraged and its insti tut ions and 
centres supported wi thout too much 
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CERN News 
View of the experiment in the East Hall which 

is measuring parameters in neutral kaon decay. 

The beam is coming from the top right. 

The three multiwire proportional chambers are 

arranged two on the downstream and one on the 

upstream side of the large (2.4X0.6 m) aperture 

analyzing magnet which is near the top right-hand 

corner of the picture. 

cynic ism about the ult imate success. 
A certain faith was necessary. Happi ly 
CERN was one of the best examples 
of international col laborat ion but seve
ral others, such as Trieste, Ispra, Gre
noble and the various space centres 
were all contr ibut ing. 

The questions of the locat ion of 
these centres was, however, also im
portant. There were certain basic re
quirements which had to be f i l led in 
any given c i rcumstance, but the f inal 
decis ion was essential ly pol i t ical and 
a reasonable distr ibut ion across Eu
rope was indispensable. This is far 
f rom the case at present and must be 
corrected in the future. 

It had been hoped that the German 
site of Drensteinfurt wou ld be select
ed for the 300 GeV but the cost re
duct ions associated wi th the latest 
proposi t ion for CERN Lab. II shif ted 
the balance in favour of this second 
choice. The stabi l i ty af forded to the 
present laboratory was also a valuable 
element and it insured against a future 
over-provision of faci l i t ies in this do
main and consequent ly an excessive 
product ion of physicists. Taking into 
considerat ion all these aspects then 
the compromise solut ion of CERN 
Lab. II was a good one. 

In conc lud ing, Professor Heisenberg 
recal led the remarks of the U.S. Am
bassador in Bonn who (l ike many 
others) had compared the construc
t ion of giant machines for sc ience 
nowadays wi th the erect ion of the 
pyramids in ancient Egypt and the 
cathedrals dur ing the Middle Ages. 
People in the present era are wi l l ing 
to offer something to the goddess of 
enl ightenment. The power of this en-
l igthenment was, however, l imited and 
we must remain cr i t ical of it. A better 
understanding between peoples had 
to come f rom it. The work at CERN 
was evidently consistent wi th this u l t i 
mate object ive. 
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Eta Measurements 
In the art ic le in the last issue on the 
Amsterdam Conference, mention was 
made of the experiment now being 
carr ied out at CERN on various meas
urements on the ± parameter, wh ich 
represents the ratio between the am
pl i tude of the charged two-pion decays 
of the long-l ived neutral kaon (KL) and 
that of the short- l ived kaon (Ks), i. e. 
KL-+K+ J t — and Ks -> x+ JT—. Because 
the KL decay into two pions violates 
the charge conjugat ion x parity sym
metry law (CP), it should be possible 
by these measurements to obtain more 
accurate information on the val idi ty of 
a proposed theory to explain the phe
nomenon of CP violat ion, the so-cal led 
superweak theory. 

CP violation 

The K° has been at the or igin of many 
puzzl ing discoveries and new ideas. 

Already at its f irst observat ion it was 
cal led strange because it decayed 
slowly ( 1 0 ~ 1 0 s), but was produced at 
an observable rate by cosmic radia
t ion. Therefore this part icle did not 
decay by strong interact ion, by which 
it was produced. The problem was 
solved by the postulate (made by Prof. 
Gel l-Mann and Prof. Nishij ima) that 
there is a new quantum number S 
(strangeness) wh ich is conserved ir 
strong interact ions but not in weak in
teract ions. Since such a quantum num
ber is an addit ive one like the charge 
number, the ant ipart ic le K° of the K° is 
different f rom the K°. But, it is stil l pos
sible by weak interact ion to make t ran
sit ions K° <—> TC+ JT K°. So, K° 
and K° can mix wi th each other. 

In fact, the observed part icles wh ich 
have a def ini te mass and mean life
t ime are not the K° and K° but l inear 
combinat ions thereof, which are cal l 
ed the Ks (short-l ived) and KL ( long-
lived). Before 1964 it was assumed 

CERN 162.8.71 



Diagram of the experimental layout: 

side view on top, plan view below. 

Below : The back of the double-plane mirror 

of the threshold Cherenkov counter used in the 

experiment on the measurement of r\+-

Its design required two apparently contradictory 

properties: strict planeness and very high 

transparency with regard to the beam. This did 

not worry the West workshop, which used 

a 25 \im gauge aluminised Mylar film, stretched 

as a reflective surface. The photograph was 

taken before the aluminium coating was applied 

on a light frame braced with piano wire. 
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(and in agreement wi th experiment) 
that the weak interact ion is invariant 
under the combined CP operat ion 
where C is the part ic le-ant ipart ic le 
conjugat ion and P the spatial ref lec
t ion (parity) operator. This wou ld imply 
that the part icles Ks and KL have a 
defini te CP quantum number. For K s : 
CP = + 1 , for KL CP = ~ 1 . 

The discovery that the decay KL - > 
K+ j t — exists as wel l as K S - > J T + J t — 

destroyed the picture of CP invariance 
of the weak interact ion : s ince the n + 
j t ~ " state has CP = + 1 , there is a 
change of CP quantum number in the 
decay KL^K+ JT— 

Since then exper imenters have 
measured with increasing precision 
the probabi l i ty of this decay Ki-^n+K— 
and the phase angle di f ference cp+ — 
between the decay ampl i tudes for 
K L - > J T + JC— and K s - ^ J t + j t — (Elemen
tary processes are represented by a 
complex number having an absolute 
value and a phase angle, as it is ne
cessary to descr ibe the wave charac
ter of part icles). 

The knowledge of this angle cp + — js 
required to dist inguish between differ
ent models of CP violat ion. One of 
those postulates the existence of a 
new force in nature, the 'superweak' 
in teract ion; it predicts cp + — = 43.2°. 
Other models wh ich implement CP 
violat ion into the weak interact ion, 
give values of c p + — in the range 35° — 
50°. 

In exper iments done up to now, the 
+ — phase has been measured with 

an accuracy of only 4°, due part ial ly to 
the number of observed events being 
too smal l . 

It has become possible, through the 
progress made wi th MPC's (mult iwire 
proport ional chambers), to set up an 
experiment wh ich , by the accumula
t ion of a large number of events wi th in 
a short t ime, wi l l al low this phase to 
be measured to wi th in 1°. 

This experiment, carr ied out by a 
CERN-Heidelberg group, began at 

CERN in the East Hall after a great 
deal of preparat ion occupying two 
years. It has run for 6 weeks machine 
t ime and several more data taking 
weeks are sti l l needed. There are also 
other results to be extracted f rom the 
data. 

The main features of the MPC's 
used are their size (5400 wires on six 
planes, the largest measuring 2.7 X 
0.9 m 2) and also the fact that this is 
the first instance of their use in a large 
scale experiment for both measure
ment and the select ion of interesting 
events. The resolution t ime of these 
chambers is 40 ns, and their ef f ic iency 
is greater than 99 %. The readout t ime 
which is about 400 ns (compared wi th 
^ 5 n s in wire spark chamber exper i 
ments) makes it possible to deal wi th 
almost 100 000 event candidates per 
PS burst (5 X 10 1 0 protons in 400 ms). 
After all undesired candidates have 
been rejected, 700 two prong events 
are being recorded at present per PS 
burst. 

The phase qp + ~ is measured by de
termining the life t ime distr ibut ion of 
K ° ^ J C + J T — decays and this means 
measuring the decay points and the 
momenta of the K ° . 

As the f igure shows, the equipment 
includes, f rom left to right, a plat inum 
target wh ich is hit by the protons, a 
col l imator with a slit p laced in the 
f ield of a magnet and arranged at 
an angle of 4° wi th respect to the pro
ton beam ax is ; a volume of hel ium re
ducing mult iple scat te r ing ; a spectro
meter consist ing of a wide-aperture 
analysing magnet (2.4 m X 0 . 6 m) asso
ciated wi th three mult iwire propor
t ional chambers, each wi th two wire 
p lanes; scint i l lat ion counters opening 
the gates of the MPC's whenever there 
are two part icles, one on each side of 
the counter array, and tr igger ing the 
readout and decision logic of the 
MPC's ; a large Cherenkov threshold 
counter (with a novel mirror system) 
f i l led wi th hydrogen at atmospher ic 

pressure to identify electrons, a con
crete shield for stopping pions ; and 
16 scint i l lat ion counters to detect mu-
ons and locate them. 

The f low line of the experiment is 
as fo l l ows : 
— the product ion of various part ic les 
by the interact ion of the protons in the 
targe t ; 
— the el iminat ion of most of the 
charged part ic les def lected by the 
magnetic f ie ld, by means of the co l l i 
mator ; 
— the reduct ion of the background by 
or ient ing the col l imator slit at 4° f rom 
the proton beam axis. This angle is the 
result of a compromise between maxi
mizing the number of high-energy K° 
produced and minimizing the back
ground caused by the pro tons ; 
— the decay of the K° in the volume 
of hel ium ; the two charged decay pro
ducts traverse the 6 chamber planes 
and the tr igger counter ar ray; 
— the start of the recording and dec i -
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Charge asymmetry in the decay K ° - > j r ± e 
as a function of K° lifetime ; 2 X 10s events. 

sion logic by a 2-fold co inc idence be
tween 2 tr igger counters ; 
— the select ion, by means of the 
chamber logic c ircui ts, of those events 
giv ing twelve t racks one in each of the 
right and left-hand halves of the six 
wi re planes in the MPC's (one t rack in 
the right and one in the left-hand of 
each plane). It should be noted that, 
in the case of the horizontal wires, the 
planes are div ided into two dist inct 
halves which are symmetr ical on the 
left and on the r ight ; 
— the simultaneous recording of the 
signals of the electron and muon 
counters in t ime wi th the 2-fold t r igger 
co inc idence. 

These events are then buffered in 
an on-l ine computer and recorded on 
magnet ic tape. 

The recording sequence is then 
f in ished. The data now have to be 
processed off-l ine to al low all the K° 
decay reactions to be ident i f ied, i. e. 
K°-> JT+ J T - K°-> JT± e * v, K ° ^ t ± u± v, 
K°-> JT+ JT-JT°. 

The ident i f icat ion procedure used is 
based on the information provided by 
the muon and electron counters and 
on spatial and kinematic reconstruc
t ion programs using the coordinates of 
the t racks in the three chambers. The 
K° decays into muons and electrons 
are not el iminated but retained to pro
vide in format ion: 
1) on the mass di f ference between Ks 
and KL and 

Oscilloscope photograph showing a pulse 100 kV 
high and 4 ns long produced by the experimental 
generator developed at CERN. 

2) on the select ion rule A Q = A s 
(charge change equal strangeness 
change). 

Up to now a total of 3 X 1 0 8 events, 
including several mi l l ion K ° - > J t + j t — 

have been recorded. 
The analysis of the data col lected so 

far is not f in ished, but the exper iment 
has demonstrated that it is possible 
to operate such a large set up of pro
port ional mult iwire chambers and to 
take data at a rate 100 t imes higher 
than similar exper iments before. 

100 kV - 4 ns 
High voltage, very short pulse gener
ators with rise and decay t imes 
shorter than a nanosecond can f ind 
many appl icat ions in high energy 
physics for both experimental and 
accelerator equipment. E. Gygi and 
F. Schneider at CERN have just 
completed an experimental generator 
capable of providing 100 kV pulses 
4 ns long, wi th rise and decay t imes 
of 0.6 ns and a repeti t ion f requency 
of 1 Hz. It also has a low impedance 
— 20 ohms — and could thus be 
used in conjunct ion wi th step-up 
transformers. 

The generator is of convent ional 
layout, in that it comprises a charging 
c i rcui t (a Marx generator plus a 
charging line) d ischarging into a line 
wi th the same character ist ic im
pedance via a spark-gap. It dif fers 
radical ly f rom its predecessors in 
two respects : the very short charging 
t ime of the line (40 ns) and the 
special design of the spark-gap. This 
makes possible a charging voltage of 
200 kV across 8 mm, at a pressure of 
one atmosphere or less, whereas in 
an ordinary spark-gap it would not 
exceed 5 kV in similar condi t ions. 

Normally, the maximum voltage 
wh ich may be appl ied to the elec
trodes of a spark-gap depends on the 
distance, the nature of the gas and 
its pressure, and the form of the 

electrodes. Beyond a certain f ield 
gradient, d ischarge is induced by the 
presence of free electrons in the 
gap. If the free electrons can be 
el iminated, the equipment can be 
operated in the supercr i t ical range, 
where the charg ing voltage can be 
increased by up to forty t imes, thus 
providing in the subsequent dis
charge extremely short pulse rise and 
durat ion t imes. The presence of free 
electrons results however in an im
mediate t ransi t ion f rom the super
cr i t ical to the cr i t ical range. 

The pr incipal sources of free 
electrons are those escaping natu
rally f rom the surface of a body f rom 
thermal and chemical f ield emission 
effects and those produced by ioniza
t ion of the gas in the gap. 

Gygi and Schneider 's equipment 
seeks to el iminate these sources in a 
variety of ways : 
1) The electrodes are of plat inum or 

rhodium at the cathode and stain
less steel at the anode. The 
atmosphere is argon at normal 
pressure and, above all , the charg
ing t ime is very brief (40 ns). All 
of these reduce to a negl ig ible 
value the probabi l i ty of format ion 
of free electrons by the elec
trodes ; 

2) The distance between the elec
trodes is very small which reduces 
the l ikehood of the passage of 
cosmic rays ; 

3) The electrodes are of a special 
form and great care has been 
taken in their manufacture ; the 
sides, for example, are coated 
wi th s i l icone rubber. 

The electrode system is relatively 
w ide wh ich means that the number 
of d ischarge points is increased. To 
take advantage of this the present 
design of feed line comprises four 
80 ohm lines in paral lel, reducing the 
impedance to 20 ohms. Strict s imul 
taneity in the discharge of the 
electrodes is ensured by a special 
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generator producing short ultraviolet 
pulses. So far the equipment has 
been successful ly tested to 10 s pulses 
with a charging vol tage of 200 kV. 

From the PS 
to the West Hall 
The next two stages in the PS improve
ments programme are the booster and 
the West Hall. Work is proceeding 
smoothly on the former (see for ex
ample the July issue of CERN 
COURIER) but very l i t t le has so far 
been said about the West Hall and its 
adjo in ing bui ldings, wh ich wi l l house 
not only BEBC but also the Omega 
project and a whole set of PS exper i 
ments. It has not, however, been for
gotten and the major part of transfer 
line TT2, through wh ich the protons 
or ig inat ing f rom the PS wi l l be di rect ly 
transferred to the West Hall target 
areas, has recently been completed. 

The design of this 540 metre- long 
line, wh ich is subject to both horizontal 
and vert ical - def lect ions, and wh ich 
passes beneath the ISR rings, is very 
similar to that of tunnels TT1 and T T 2 
supplying the two rings (see vol . 10, 
pp. 280 and 316). It is however requir
ed to transport in addi t ion to fast 
e jected protons f rom the PS, slow 
ejected protons also. 

Proton transfer tests have just taken 
place along 80 % of its length wi th 
excel lent results. 

In fast e ject ion, wi th the magnet 
currents set to the calculated values, 
impact points only 5 to 15 mm from 
the centre of the vacuum chamber 
were obtained at the end of the line 
which were reduced to zero after 
minor adjustment. Moreover, this was 
achieved wi th a beam osci l lat ion of 
14 mm maximum relative to the cham
ber axis. 

Slow eject ion can give rise to pro
blems because of small changes in 
momentum (about 1 %) over the spi l l 

View of the pulse generator indicating — 

(1) Marks generator; (2) pulse forming network; 

(3) UV flash lamp; (4) inner electrode; (5) part of 

ground electrode; 6) terminating resistors; 

(7) polyurethane support. 

The new polarized proton target installed in the 

East Hall for an experiment to measure the 

polarization in K~p charge exchange. 

The helium 3 cryostat protrudes inside the pole 

pieces specially added to the ETH magnet used as 

a spectrometer. The K~ beam (coming from the 

right) passes through the target in the axis 

of the cryostat. 

t ime. The slow eject ion system has not 
yet been instal led, so the effect was 
simulated by making sl ight variat ions 
in the momentum of fast e jected par
t ic les. Al l seems wel l as the maximum 
departure f rom the straight and narrow 
fell wel l wi th in the vacuum chamber 
l imits and did not exceed 15 mm. 

Radiat ion levels over the entire 
length of the tunnel also proved to 
be very low. 

The whole of the beam line system 
passing through the West Hall is 
scheduled for instal lat ion at the be
ginning of 1972, and should be 
completed at the end of Apr i l , 1972. 

45 cm 3 polarized 
target 
Cont inuous progress has been made 
in the f ield of polarized proton targets 
largely because of developments in 
the techniques associated wi th target 
temperatures and high magnetic 
f ields (superconduct ivi ty) and by the 
use of new substances. In many 
respects, CERN has been a pioneer 
here, and CERN COURIER has 
already given accounts (vol. 9, page 
300 and vol . 10, page 112) of im
provements brought about by the 
use of alcohols as the material to 
be polarized, the use of helium 3 
instead of helium 4 as a coolant and 
the polarization of deuterons. 

Now at CERN the longest polarized 
target ever built (15 cm long and 
2 cm diameter) has been put into 
operat ion. It is cooled by means of 
a new cryogenic system designed by 
J. Vermeulen (with advice f rom P. 
Roubeau of Saclay), compr is ing a 
hel ium 4 precooler work ing at 
2.5° K associated wi th a very small 
pumping system and a horizontal 
l iquid hel ium 3 cryostat wh ich forms 
part of a c losed-circui t in wh ich the 
pumping system has an effective 
pumping speed of 200 l/s. The rate of 
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cool ing the system can provide is 
100 mW at 0.55° K. 

The target is also designed so 
that the part ic le beam str ik ing it, 
enters the axis of the cryostat. The 
beam is ident i f ied by two scint i l lat ion 
counters connected in co inc idence 
si tuated, actual ly inside the cryostat, 
at a distance of 8 mm from the target. 
The special feature of the arrange
ment is that a very wide free angle 
is left around the target for secondary 
part ic le detect ion. Moreover, the 
magnet ic f ie ld of 2.5Tesla wh ich is 
obtained f rom the ETH magnet is 
made highly uniform by the addi t ion 
of pole pieces to one side accord ing 
to an arrangement suggested by 
0 . Runolfsson. This magnet normal ly 
gives 1.0 Tesla in a volume of 
1 X 1.5 X 2 m 3 . 

Polarizat ions equal to 60 % were 
obtained dur ing the init ial tests, w i th 
the cavity f i l led wi th butanol spheres. 
The target is at present being used in 
an exper iment intended to measure 
the polar izat ion in K~ p charge ex
change. 
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Around the Laboratories 

USA Laboratory 
Budgets 
The financial problems facing high 
energy physics Laboratories in the 
United States have become still more 
acute in 'fiscal year 1972' which began 
on 1 July. With the exception of Cor
nell (funded by the National Science 
Foundation), all the major Laboratories 
draw their money via the US Atomic 
Energy Commission and the budget 
request by the AEC for high energy 
physics in fiscal year 1972 for operat
ing funds has had to be limited to 
$116.4 million compared with $118.6 M 
in the previous fiscal year. Similar cuts 
in the budgets for equipment and con
struction amplify the difficulties. 

It is the second year that the operat
ing and construction budgets have 
been cut so that, in total, they are 
back close to their 1968 level and 
obviously over the past four years the 
cost of living has not stood still. In 
addition, this is occurring in a field 
where, without any major additions in 
facilities or in the scale of the expe
rimental programme, a few per cent 
growth is usually fed in simply to ac
commodate the growing 'sophistica
tion' of advanced research equipment. 
Major economies have been needed in 
all the Laboratories and in all of them 
the installed research facilities are 
being underused — often by a large 
factor. Even the 20 GeV electron linear 
accelerator at Standford which carries 
a relatively high priority is now sched
uled for operation, on average, only 
18 days in each month. 

Despite the feeling that things are 
so bad that they could not possibly 
get worse (which is suggested in the 
article on the Brookhaven storage ring 
plans), there is no doubt that if the 
present trend continues for much lon
ger, Laboratories are going to sink 
below the level where they are viable. 
An added complication is that when 

the research programme at Batavia 
gets underway its 'operation' money 
has to come out of the same pool 
which will be a heavy additional bur
den. 

Congress reaction 

There has been some strong reac
tion in the US Congress at the rather 
precipitate way in which, because of 
the limited funds available to the US 
AEC Research Division, the research 
at the 3 GeV fast cycling proton syn
chrotron at Princeton has had to be 
run down after only a short machine 
life and whilst it was still in the midst 
of improvements. 

Nevertheless, the Joint Committee on 
Atomic Energy has on its own initiative 
started some knuckle rapping in cut
ting 'improvement' money for,the other 
Laboratories in the coming year in 
spite of the fact that they appreciate 
what this improvement money means 
to the USA Laboratories and with the 
high fixed costs of accelerator oper
ation, a few per cent cut becomes a 
many per cent cut in the actual re
search programme. To avoid precipi
tate action in the future, if possible, the 
Joint Committee has called on the 
AEC to review the Laboratories, by the 
end of this year, and make an attempt 
to establish priorities amongst them. 
(This recommendation has the posi
tive intent to make longer range plan
ning possible — a very difficult thing 
to do with the single year budgetary 
procedures in the USA which can lead 
to programmes being turned on and 
off like a tap.) Obviously the outcome 
could be that further Laboratories go 
to the wall like PPA or may need to 
change their character, which is not 
necessarily all bad. 

It seems worthwhile to reprint a 
good part of the report to the USA 
Congress by the Joint Committee on 
Atomic Energy in which they comment 
on the high energy physics scene: 

The Princeton-Pennsylvania Accelera
tor is now being shut down. The Joint 
Committee notes that although a 
strong effort was made by Princeton 
University and the University of Penn
sylvania to obtain funds to keep this 
modern accelerator in operation, there 
seems to have been little effort within 
the Executive Branch to help provide 
continuing support. The Committee 
understands that PPA, a relatively new 
installation which cost the Federal 
Government about $41 million, was 
readily convertible to operation as a 
heavy ion accelerator. Such accelera
tors are basic tools for cancer re
search and cancer therapy. The Com
mittee was therefore surprised to learn 
that the Fannie Ripple Foundation of 
Newark, New Jersey, which offered 
$ 230000 to help convert PPA for can
cer research, was the only major po
tential contributor. The Committee is 
aware of no offer by any Federal 
agency to convert PPA for use in the 
field of cancer research despite the 
recent announcement that developing 
a cure for cancer is now a major na
tional goal. 

The Committee noted with pleasure 
the progress that Dr. Wilson and his 
associates have made in the design 
and construction of the 200 GeV 
machine at the National Accelerator 
Laboratory, Batavia, under rather strin
gent monetary constraints. In particu
lar, the Committee is impressed with 
the indicated possibility of an 'energy 
doubler' through the development and 
application of cryogenic technology. 
This achievement could potentially in
crease the energy range of the accel
erator to as high as 1000 GeV with 
attendant economies and efficiencies 
in the use of electric power. The Com
mittee urges Dr. Wilson and his staff 
to perform the necessary work in the 
coming fiscal year to clearly define the 
scope of this undertaking and to 
ascertain whether the inclusion of 
energy doublers can be achieved with-
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Recent aerial view of the site of the 33 GeV 

Alternating Gradient Synchrotron at Brookhaven. 

Coming in towards the ring from the left on the 

photograph is the new 200 MeV linac which both 

feeds the synchrotron and provides protons for 

medical and biological research and the 

production of isotopes. Almost diametrically 

opposite are the two large buildings of the East 

Experimental Area. Further round is the new 

neutrino beam-line which will have the refurbished 

7 foot bubble chamber and in the woods, top left, 

is a possible location for 200 GeV storage rings 

which are now under study. 

(Photo BNL) 

in the $ 250 mil l ion authorized for this 
project. 

At the same t ime, the Joint Commit
tee is concerned about the future of 
the five exist ing high energy accelera
tors supported by the AEC (i.e. Argon-
ne, Berkeley, Brookhaven, Cambr idge 
and Stanford) once the NAL begins 
ful l operat ion.The high energy physics 
budget has steadily decl ined in recent 
years which has resulted in less than 
opt imum operat ing schedules at these 
five laboratories. Because of the high 
f ixed costs, reduct ions in the operat
ing budget of these accelerators result 
in a loss of operat ing hours and a con
sequent direct reduct ion of research 
effort proport ional ly much larger than 
might be expected for the respective 
dol lar reductions. 

When the NAL becomes ful ly oper
at ional, it wi l l require annual operat ing 
funds of $ 60 to $ 70 mil l ion including 
funds for outside user groups. This is 
more than 50 percent of the 1972 re
quested funds for all of high energy 
physics. In addi t ion, NAL plant and 
capital equipment requirements may 
be as a high as $ 2 5 mil l ion a year. 
Obviously, the trend of decl in ing bud
gets for high energy physics must be 
sharply reversed if the NAL and the 
five exist ing laboratories are to be 
adequately funded. In this regard, if 
budget priori t ies prohibi t the neces
sary increase in funding, the Commit
tee must evaluate very cr i t ical ly the 
spreading too thinly of whatever Feder
al support is available for high energy 
physics. Therefore, the Joint Commit
tee recommends that the AEC care
ful ly examine the min imum level of 
support necessary to keep each of its 
high energy accelerator laboratories, 
including the NAL, viable and produc
tive, and that it develop a priori ty list
ing of wh ich accelerators should be 
kept operat ing should future funding 
be less than the min imum necessary 
to effectively support each of the six 
laboratories. ' 

BROOKHAVEN 
Thinking on 200 GeV 
storage rings 
As pract ical ly all elements of the 
'conversion project ' at the 33 GeV 
Alternat ing Gradient Synchrotron near 
complet ion, more eyes at Brookhaven 
are l ift ing from the problems of seeing 
through construct ion programmes to 
looking at the options open for future 
hjgh energy research faci l i t ies at the 
Laboratory. With the backing of the 
experimenters, the machine physicists 
are beginning to study the possibi l i ty 
of construct ing very high energy 
storage rings, in conjunct ion wi th the 
AGS, using superconduct ing magnets. 

This month (August) the AGS is 
scheduled to come back into act ion 
after a long shutdown. It wil l be fed 
by the new 200 MeV linac (init ial ly 
without its debuncher) and wi th this 
higher inject ion energy it is hoped to 
accelerate beams of 5 X 10 1 2 protons 
per pulse by the end of the year and 
eventually to push to 10 1 3 or higher. 
The linac is performing very rel iably 
and for several weeks has been 
supply ing protons for medical and 
biological experiments. Preparations 
are wel l advanced also for using 200 
MeV beams for the product ion of 
isotopes. Feeding the synchrotron wi l l 
be interleaved with these other act iv i 
t ies. Mult i turn inject ion wi l l be used 
with possibi l i t ies for stacking both 

horizontal ly and vertically. Because of 
the high intensit ies (close on 100 mA) 
available f rom the linac, the inject ion 
procedure has to be virtual ly lossless ; 
it has already been demonstrated 
inadvertently how easily the beam can 
burn its way into beam-line com
ponents. Accelerat ion of deuterons in 
the l inac was tested in July in prepa
ration for possible accelerat ion in the 
synchrotron late next year to provide 
high energy deuterons for the exper i 
mental programme if they are required. 

Major modif icat ions in the r ing 
dur ing the shutdown have included 
the instal lat ion of a new vacuum 
system, new magnet mountings and 
correct ion coi ls. The new magnet 
power supply has been in operat ion 
for some t ime and has been yield ing 
about one and a half t imes the aver
age current per second available wi th 
the old supply. The new r.f. cavit ies, 
wh ich wi l l al low a faster rate of acce l 
eration and wh ich wil l have a smaller 
f requency swing because of the higher 
inject ion energy, are not ready yet due 
to late del ivery of the ferr i te. 

Prior to the shutdown the synchro
tron was supplying part icles for an 
extensive experimental programme. 
Bubble chamber beams were available 
for a small chamber (30/31 inch), the 
80 inch hydrogen chamber and (as a 
neutrino beam) the 7 foot hydrogen 
chamber. Three beams (further d i 
vided) for electronics experiments 
were drawn from an internal target 
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and good quality beams were availa
ble from the slow ejected beam which 
fed experiments in the East Experi
mental Area and its new extension 
( including a hyperon beam, a muon 
beam and a beam for the study of 
'exotic ' atoms). The slow ejected 
beam eff iciency is 85 to 90 % and a 
wire septum wi l l be tr ied to improve 
this. It is usually run in parallel wi th 
the internal target and this does not 
drop the eff iciency much. 

The 7 foot chamber is being moved 
from its test posit ion to a posit ion 
further round the ring where it wi l l be 
possible to feed it wi th a more f lexible 
arrangement of beams. The move is 
not losing physics t ime with the 
chamber since a variety of modi f i 
cations have proved necessary. The 
main ones concern doubl ing the dia
meter of the piston (resolving problems 
result ing from high l iquid velocit ies), 
install ing a new piston sealing system 
and redesigning the main heat ex
changer. It is hoped that the chamber 
wi l l be ready for cool-down again in 
the autumn of 1972. 

Ironically at a t ime when the con
version project and improvements to 
experimental faci l i t ies are opening up 
the possibi l i ty of a much broader 
experimental programme, the Labora
tory budgets, comparatively, are at a 
low ebb. Despite the new capabi l i t ies, 
the available money is not suff icient 
to sustain a programme as big as that 
operating before the improvements 
were implemented. There is however 
considerable conf idence that after the 
current f iscal year, which began on 
1 July, the t ide wi l l begin to f low back 
again and research programmes 
throughout the USA wi l l be revital ized. 
It is partly in this context that there is 
a new gleam in the eyes of the 
machine builders as they discuss the 
possibi l i t ies of very high energy 
storage rings. 

With the coming into act ion of the 
accelerator at Batavia, Brookhaven 

loses its premier position in high 
energy physics in the USA. Also, 
Batavia is the more logical place to 
push to still higher energies with a 
superconduct ing synchrotron if the 
physics calls for it. Superconduct ing 
synchrotrons have been studied in 
some detail at Brookhaven where 
some of the leading work on pulsed 
superconduct ing magnets is going on 
(see May issue page 123) but with an 
injector of several hundred GeV and 
a large diameter tunnel already availa
ble and experimental faci l i t ies for very 
high energy coming together, it would 
be a much more economical propo
sit ion at NAL. Very prel iminary thinking 
on the addit ion of a superconduct ing 
ring (referred to as the 'energy 
doubler') has started at Batavia. To 
complement such a facil i ty and to 
leap-frog it in terms of peak 'useful ' 
energy (though with more l imited 
experimental possibilit ies) the em
phasis at Brookhaven has now swung 
to superconduct ing storage rings. This 
has been urged part icularly by J.P. 
Blewett and has been given added 
impetus by the very successful oper
ation of the ISR at CERN. 

An outl ine scheme for 200 GeV 
storage rings (providing useful energy 
equivalent to a conventional acceler
ator of 80TeV) is as f o l l ows : Each 
' r ing' consists of two half circles of 
magnets (with a few short straight 
sections) 225 m radius, joined by two 
very long, 300 m, straight sections. 
The half c ircles of the two separate 
rings may lie very close together in 
the horizontal plane or sit one on top 
of the other. The total c i rcumference 
could be 2 km (two and a half t imes 
the circumference of the AGS). 

The AGS would feed the rings wi th 
protons at an energy of 30 GeV and 
r.f. cavit ies in the rings would continue 
the accelerat ion up to 200 GeV. This 
accelerat ion would be done very 
slowly (over a t ime of say 100 s or 
more) to take the pressure off the 

superconduct ing magnet rate of rise 
of f ie ld and off the rate of energy 
transfer to and from their power 
supplies. Peak f ields in the magnets 
could be 4 T in the dipoles and 1 T/cm 
in the quadrupoles with a magnet 
aperture of 5 cm or more. 

A major problem is of course to 
build up high beam intensities in the 
storage rings so as to give adequate 
interaction rates in the col l id ing 
beams. A possible scheme would be 
to concentrate the protons circulat ing 
in the AGS into one bunch and to 
transfer such bunches successively 
to sit next to one another orbit ing the 
storage rings. 

When the conversion project is 
completed the AGS is expected to 
accelerate about 10 1 3 protons per 
pulse. At 1.7 X 10 1 3 protons per pulse 
the circulat ing current wi l l be 1 A but 
this is distr ibuted in proton bunches 
occupying a tenth of the circumfer
ence. In the bunches themselves 
therefore the current could be about 
10 A (half the ISR design currents). 
Unfortunately to transfer individual 
bunches from the AGS to sit adjacently 
in the storage rings would put 
demands on the switching of eject ion 
and inject ion magnets which could 
not be met with current technology. It 
looks however as if some beam gym
nastics in the AGS could concentrate 
the protons into a single bunch. 
Stacking in the storage rings, as at 
the ISR, could take the stored current 
beyond 10 A but to give a manageable 
r.f. system the energy spread must be 
much lower than is tolerable in the 
ISR and the appl icat ion of such a 
stacking inject ion scheme is likely to 
be l imited. 

In the long straight sections the 
beams could be made to cross at a 
very small angle or to run coll inear. 
Because of the focusing or defocusing 
action of the quadrupoles preceding 
the straights the two beams could be 
made to coincide at the centre of the 
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Smiles for the success of the 100 MeV test of the 

Los Alamos Meson Physics Facility. The occasion 

was suitably toasted with champagne provided 

by LAMPF Director Louis Rosen and his wife, Mary. 

Opening the ceremonial bottles in the foreground 

are: Dr. Donald Hagerman, Dr. Thomas Putnam, 

Dr. Edward Knapp and Dr. Donald Swenson. 

The Rosens are visible at the back. 

In case anyone was in doubt after the successful 

tests this sign was erected on the road leading to 

LAMPF. 

(Photos Los Alamos) 

straight. With such long straights the 
experimental arrangements could be 
very f lexible. In addi t ion opt ions are 
being kept open for running a col l id ing 
beam of ant iprotons, deuterons or 
electrons further in the future. 

LOS ALAMOS 
100 MeV at LAMPF 
Ten days ahead of schedule the Los 
Alamos Meson Physics Faci l i ty(LAMPF) 
800 MeV linear proton accelerator 
achieved a 100 MeV beam through 
the first two stages of the three-stage 
linac on June 21 . 

The complete accelerator is sched
uled to begin operat ion by July, 1972, 
with a full programme of experiments 
starting in January 1973. The 100 MeV 
test gives conf idence that the major 
innovations in design which were re
quired to extend the duty factor and 
average power by a factor of more 
than 10 over previous dri f t- tube accel 
erators are val id. 

A peak beam current of 16 mA has 
been achieved but the average beam 
current has been held down to 10 ^A 
and the beam has not been run at the 
full duty factor of 6 % and 1 mA aver
age current because of induced radio
activity problems in the tunnel area. 

The June 21 'turn on ' and fo l lowing 
experiments have tested the 750 keV 
Cockcrof t -Walton injector, beam trans
port, and the four tanks of the com
pleted Alvarez sect ion. Slightly more 
than one year ago, on June 10, 1970, 
the first beam of 5 MeV was sent 
through the first stage of LAMPF test
ing the injector, the beam transport 
system and the first tank of the Alvarez 
sect ion. The next major test for LAMPF 
wil l occur this autumn when a port ion 
of the side-coupled cavity sect ion, de
veloped at Los Alamos by Dr. Knapp 
and Dr. Nagle, wil l be operated to 
accelerate protons for the first t ime. 
Beam energy for this test wi l l be 
211 MeV. 

ARGONNE 
At the ZGS 
The experimental programme at the 
12 GeV Zero Gradient Synchrotron is 
in full f lood again after sort ing out the 
magnet coi l troubles earlier this year 
(see June issue page 163). The expe
riments inc lude: 

A study of the eta-pion mass spec
trum using optical spark chambers 
to look at the interaction Jt~p-^r ] j t "p ; 

A detai led examination of the A2 
meson mass region, looking at both 
charged versions of the A2 via their 
decays into two kaons, to compi le 
further evidence concerning A2 split
t ing ; 

A study, using wire spark chambers, 
of the differential cross-sect ion for 
elastic scatter ing of positive kaons on 
protons (from 1 to 1.5GeV/c in 50 
MeV/c steps) checking recent phase 
shift analyses and the possibil i ty of a 
Z* (1900) resonance ; 

A measurement of the differential 
cross-sect ion of the interaction be
tween a neutral kaon and a proton 
giving a posit ive kaon and a neutron 
over the momentum range 0.5 to 
1 GeV/c ; 

A high precision measurement of 
the charge asymmetry in the decay of 
the neutral kaon into three leptons 
( including an electron) as a very 
accurate test of the AS = AQ rule ; 

Meson product ion studies from ne
gative pion-proton and negative kaon-
proton interact ions using a large 
aperture, high resolution spark cham
ber spectrometer system ; 

Virtually the same spectrometer 
system wi l l be used to investigate 
reactions giving neutral kaon - lambda 
and neutral kaon - sigma over the 
range 3 to 6 GeV/c. 

Al l the above experiments draw 
their part icles f rom 'External Proton 
Beam I' wh ich now extends into a new 
Annex. Argonne has an unusual tar-
gett ing system in which the ejected 
beam is passed through thin targets 
to produce secondary beams f inishing 
up in a th ick target. Passing through 
the near transparent targets does not 
damage the emerging proton beam 
very much as far as the subsequent 
beam opt ics are concerned. As many 
as eight beams have been run s imul
taneously in this way which is very 
eff icient exploi tat ion under the present 
operat ing condi t ions of the machine 
which prevent slow eject ion into two 
experimental areas at the same t ime 
(of which more later). 

The 'External Proton Beam IT is 
feeding a neutral missing mass survey 
over the range 1.4 to 2.8 GeV which 
wi l l also look for doubly charged par
t icles (using an incoming positive pion 
beam rather than negative pion beam) 
f rom 1.1 to 1.8 GeV. EPB II is also the 
source of neutral kaons for a CP 
violat ion experiment which is studying 
the t ime dependence of the two pion 
decays of K° and K°. 
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A neutral beam is drawn (al 7°) 
from an internal lar/gel. for p o l f l i " l ? f l t l o n 
measiirAinents In neutron proton char 
go exchange scattering f rom 4 to 
l i i GicV/c using an improved polarised 
target and a wiry spark, chamber 
spectrometer system 

The I? f o o t hydrogon chamber is 
the only bubble chamber now in oper
ation al Argonne (The 30 Inch has 
nu.jvAd lo Ratavla and Is bolng rapidly 
reassembled there to be ready for 
cooldown on 15 Oo lO lW so that 
phywio* c":i.iiilcl a l a r l ' In Novomhor.) I he 
o h a m h A r performance lr, regarded as 
very satisfactory and the supercon
duct ing magnet in particular \z work
ing superbly ThA ohamhor expansion 
system has boon Improved and 
vacuum problems due to vibrat ion 
have been cleared. Interactions In t h A 
viyihlA vol i jma duo t o thormnl neutrons 
orooplng In have been cured by apply
ing external cadmium shields To 
obtain even inlenslty across the 

bUhblA chamber f i lm, special hand 
pointed fi l ters have been fed into the 
chamber opt ics (what W.T. Wel fo 'd 
lias descr ibed as a nioe blend of A r t 
am.) eoiAnoA) A n d havo proved very 
successful. I he quality o f the pictures 
now being obtained can be judged 
from the photograph, The ohamher 

yi„:li^(JiilAd lo bo fi l led with deute 
rlum In September having by then 
amassed a quarter of a mil l ion hydro
gen (.'holographs in a nAiitrlno oxporl 
mont. When the neutrino experiment is 
running the bubble chamber devours 
the full intensity, al full energy, rhat 
the ZGS oaii provide (with tho ok 
ooptlon ot a t iny beam t o the AO 
experiment). 

Modifications to the ZGS 

I he accelerator has been operat ing 
at an average intensity Of A r o u n d 

? x -I0 1 7 protons per pulse. I his is a 
little below, t o r some obscure reason, 

A rmaiirlful phnrfifjrMph of rhtu Trar.kr. of /:> finVft: 

nrnmnr. Innrxr.rlnfi In r/iii /:> font hydro^nn 

r.h.iml-ior AT ArflonnA r.hnwfnfl tho owr.nllont 

qiinlfry ot rho nlr.rurnr. now hnfnfl nhTAln*r1 

Fmlwr.l.ir.w. mfffhr llko to r.iWi-./i for o two 

MAM fjriliii-j ifi iwri fl.IMM.v., :t lour fV'onfi 

OVODI \/vlll) .1 liVi'i filOftfj Di-iUH'Ori /.MJ1 {.i filon, 

miinii, olooiroii f/iv.^y /.iV/NiWh-.i) ijm Mtny / n ' I W / ) , 

.': hut iiwiitil, .tint j( ft'tU1 / " I I M I / i'iwi'm{ mnlli 

'»•".'" tfO'Vy, ' /» . • •"iii-""iil.":t Iiwj Uuill h/j ilv 

ii'.'Lilimu ijtulutvw 111 liy.ltv'jL-n lu u quurlwt u/ u 

imlli'jii uri'J iu Ijl-iii'j lillvU-wiUi Uvulwiurn /u 

l'uiiIiiili'.' tiL-ultitiu FJCJUTV/MT7//M wllh h mill Inn 

[jiL'lLirwj In dwulwrlum. 

the Intensity that the ZOK r.nn nor 
rnally average (around 2.4 x 1U 1 J). 
Wlien t h e neutr ino experiment is 
u n d A r W A y I here is no f l A t - t o p on t h A 

machine eycle a n d the pulse r c p e t i 

l ion raLe is about one per three se-
oonde, Wl ien t h e slow ejected bean i s 
ait . In opetf t l ion there ie usually a 700 
ms flat top. 

Early next year a major shutdown of 
Hie ZCS is planned for t h e installa
t ion O f I 1 A W l I l A l l l l h V i V A O I I H r r i O h A i r i h A I T v , 

I hese w i l l replace the Initial chambers 
made of corrugated stainless s t e e l 

where I he corrugat ions were fil led 
with cpoxy wh ich for r,ome t ime h a s 
b e e n showing signs of radiation 
damage — sect ions peeling away or 
bubbl ing i , ip The new chambers i i f l v n 

aperturer. to nccommodnte 42 pole 
face windings. 2U of these wil l be 
used for field correct ion a n d t h e re-
maining 1-1 w i l l be available lo i n d u o A 

a resonance tor r.low eject ion. I his 
w i l l enable both slow eject ion systems 
lo i>e operated siinuilaneoMsiy whioh 
lr . not p o r , r i l b l o wi th tho prer.ent 
i n t e g e r resonance eject ion. It is est i
mated thai four f i ioi iHis w i l l be needed 
for the Installation A n d A b o u t e fnrthar 
two months to re •master the machine 
before opening the physics program
me again. 

ANer I'hls, Ihe ne^l 7 0 S Improve 
ment lr . l ikely to b o tho bringing In ot 
the 20U MeV booster (where t h e first 
encouraging t e s t s were desoribAd In 
thA i l u n A IflfliiA p A g o lf}4) to raise the 
Z t i i i Intensity to 1U , | J protons per pulse 
or above. The booster vacuum Cham
ber i8 CUfTenUy receiving A t t a n t l o n A n d 

It should b o rondy tor operat ion again 
In i iep tembcr hopefully going t o 200 
MeV. Work is cont inuing on Ihe 
various components needed for n f i g A 

t l v A hydrogon Ion Injection Into the 
booster ( including such major techno
logical advances a s the remove I of 
a paper o u p found strategically placed 
In a beam transfer p i p e ) . However, 
whether furLher t e s t s begin in .T.eplem-

l l i l l f c , , , 
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Sectional view of a hybrid chamber in which the 

upper pair of electrodes forms a proportional 

chamber and the lower pair a spark chamber. 

The voltage supply system is indicated in the 

lower diagram. 

ber depends on the success of nega
tive hydrogen ion inject ion into the 
ZGS which would enable the booster 
to run interleaved wi th the feeding of 
the ZGS. A Heath Robinson type str ip
per is ready for installation in the 
ZGS to enable as many as 100 foi ls to 
be changed automatical ly without halt
ing machine operat ion. If all goes well 
it is hoped that 200 MeV inject ion into 
the synchrotron wil l become routine 
in about a year's t ime. 

KARLSRUHE 
Hybrid chambers 
The composite detector known as a 
'hybrid chamber', which tries to fasten 
onto the advantages of both the pro
port ional chamber and the spark 
chamber, was described in the report 
on the Dubna Instrumentation Confer
ence (vol. 10 page 275), This reported 
the work of the originator of the idea, 
J. Fischer (Brookhaven) and col le
agues. Since then a Karlsruhe group 
(information from V. Bohmer and H. 
Schopper) have developed hybrid 
chambers, four of wh ich are incorpor
ated in a neutron-proton scattering 
experiment at the CERN proton syn-
chroton and are being used for the 
first t ime this month (August). 

The proport ional chamber, invented 
at CERN, has the advantage of con
siderably better t ime resolution (less 
than 100 ns) than conventional spark 

chambers and can be operated at 
much higher counting rates (about 106 

per second). In conventional chambers 
between 0.5 and 1 is involved in 
the memory time — in the transmis
sion of signals, in performing the elec
tronic logic sequences, which in con
junct ion with counters decide whether 
the event shall be recorded, and in the 
application of the high voltage pulse 
which 'materializes' the track of a 
charged particle as a spark. This is 
much longer than the t ime resolution 
of the proport ional chamber. However, 
the spark chamber gains in better spa
tial resolution (positioning a part icle to 
less than 0.3 mm compared with 1 to 
2 mm) and particularly in having much 
less expensive signal read-out sys
tems. Ferrite core or magnetostrict ive 
read-out is much cheaper than the 
proport ional chambers requirement of 
an amplif ier per wire usually costing 
at least 20 Swiss francs per wire. 

The 'hybr id ' consists of a proport io
nal chamber and a spark chamber with 
a drift gap between them. Information 
from the proport ional chamber is trans
ferred across the gap to the spark 
chamber and read out from there. Four 
electrodes are enclosed in a gas-fi l led 
space. Referring to the diagram — elec
trodes 1 and 2 form the proport ional 
chamber. The passage of a charged 
particle liberates electrons which 
move, under the influence of the sta
tic voltage difference applied between 
the electrodes, to electrode 2, which is 

a plane of wires, creating an avalan
che in the immediate vicinity of a wire. 
Some of the avalanche electrons do 
not end on the wire but come under 
the inf luence of a f ield in the drift gap 
which pulls them to the planes of 
wires of electrodes 3 and 4. This f ield 
and gap width are selected so that 
during the avalanche drift t ime the 
electronic logic has time to decide 
whether to record the events. If it is 
to be recorded a high voltage pulse is 
appl ied between electrodes 3 and 4 
just as the cloud of electrons is pre
sent. The ampl i tude of the pulse is kept 
suff iciently low so that a spark wi l l 
not occur at the tracks of individual 
charged part icles but only where the 
avalanche electrons are present. The 
track memory t ime no longer dictates 
the t ime resolution which depends only 
on the length of the avalanche and on 
the shape of the high voltage pulse. 

The Karlsruhe hybrid chamber de
sign has electrodes 1, 3 and 4 made 
of wires 0.1 mm diameter and 1 mm 
apart. Electrode 2 is of tungsten wires 
35 î m in diameter 2 mm apart. The 
interelectrode spacing for 1-2 and 2-3 
is set at about 6 mm and 3-4 is varia
ble from 1 to 5 mm. The useful area 
is about 0.3X0.3 m 2 . 

Tests with the chambers gave the 
fol lowing results. The best t ime reso
lution (about 100 ns) was obtained 
when a gas mixture of neon, helium 
and argon was used having been 
blown through methanol or ethanol at 
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room temperature. Unfortunately it 
was then impossible to determine the 
discriminating power (how well the 
chamber was distinguishing the re
quired tracks from others) because the 
time for the avalanche electrons to 
reach the spark chamber section was 
too short. Trying to lengthen this by 
reducing the strength of the field 
which pulled them across the drift gap 
also reduced the detection probability 
(probably because of higher diffusion 
and attachment losses in the drift gap). 
Sacrificing some time resolution (120 
ns) by reducing the added alcohol 
content made it possible to study the 
discriminating power which was shown 
to depend critically on the distance 
between electrodes 3 and 4. 

The measurement of detection pro
bability while varying the voltage ap
plied in the proportional chamber (be
tween electrodes 1 and 2) showed a 
maximum detection plateau extending 
60 to 80 V which is rather narrow but 
adequate for reliable operation. As the 
voltage is pushed higher the sparks 
occurring between electrodes 3 and 4 
tend to travel back to the proportional 
chamber region. Spontaneous break
down occurs at still higher voltages. 
Detection probability is also affected 
by the amplitude of the high voltage 
pulse applied in the spark chamber 
(between electrodes 3 and 4). For ex
ample an increase of 50 V can push 
the probability from 93 to 95 % but the 
recording of individual tracks rather 

than the desired avalanches then in
creases from about 4 to 8 %. 

Further improvements are being at
tempted by using different gas mix
tures, by reducing the distance be
tween electrodes 1 and 2 and by re
ducing the wire spacing in electrode 
2 to 1 mm. 

Overall the tests have shown that 
the hybrid chamber can have a time 
resolution comparable to that of the 
proportional chamber while gaining 
the simplicity and cheapness of spark 
chamber read-out. Such chambers 
could have a healthy future in detec
tion systems where the required count
ing rate goes up to about 104 per 
second. 

R E L I A B L E T E M P E R A T U R E C O N T R O L 
of p l a s t i c s m a c h i n e r y , i n d u s t r i a l f u r n a c e s and ovens , c l i m a t i c 
tes t e q u i p m e n t , and d r y i n g i n s t a l l a t i o n s us ing J U M O e l e c t r o n i c 
c o n t r o l l e r s w i t h p roven l o n g - t e r m p e r f o r m a n c e 
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Now the I/O REGISTERS 
Have you seen our SCALERS last month? P P f J ] C A M A C 

i i 
•WIT 

I l||Bli;:lli|l:::i: 

Watch out for our CRT DISPLAY modules in the next month's copy. 
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Now: CAMAC flexibility 
for your PDP11 -based system 

• ••and EG&GsBDOll 
Branch Driver 
makes it easy 

The new EG&G Model BD011 PDP11/CAMAC Branch 
Driver interfaces your PDP11 to a CAAAAC branch high
way in full conformance to EUR-4600e requirements. 
Easily integrated into any PDP11 peripheral configura
tion, the BD011 extends CAAAACs flexibility into the 
computer and provides an integrated computer-based 
data logging and control system. 
• As a system element, one BD011 wil l support up to 

seven CAAAAC crates, and multiple BD01 Ts can be inte
grated into a single system. 

• Designed to take maximum advantage of the address
ing structure, software and timing flexibility of the 
PDP11. 

• Transfers single CAAAAC data words via Programmed 
Data Transfer; or if so instructed, becomes BUS Master 
and transfers blocks of contiguous data via DMA. 

Branch Driver Test Module TM024 

• Functions as an integral part of the 
system diagnostic software 
and allows CAAAAC arrays to be de
bugged to the module level. 

• Double-width CAAAAC module. 
• Diagnostic and data-handler software 

provided. 

Contact EG&G or your nearest EG&G Sales Office for 
complete details of the BD011, TM024, and our other 
CAMAC system products. 

N U C L E A R I N S T R U M E N T A T I O N D I V I S I O N 

35 Congress Street, Salem, Mass. 01970 U.S.A. 
Phone (617) 745-3200. Cables: EGGINC-SALEAA. 
TWX: 710-347-6741. TELEX: 94969 


