
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. 
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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-
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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 
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FAST SLOW EJECTION CHANNEL 
MADE BY KOMAR , LENINGRAD 
FAST FOR NEUTRINOS , SLOW FOR 
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I SM 28 
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| (LENINGRAD) 

PROTON BUNCHES 
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r 
8kA 

I 
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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. 
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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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