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1. General 

In 1963 a mobile small aperture kicker magnet in straight section 
97, together with a mobile septum magnet a quarter or a betatron wa
velength downstream in straight section 1, provided fast ejection1 into 
the south experimental hall. One could eject either 1 or all 20 circula
ting proton bunches. This system served mainly the neutrino experiment 
and later the g-2 experiment, when facilities had been extended to 1-5 
bunches or 17-20 bunches. In a later stage, other fast ejection channels 
were installed using stationary septum magnets in straight section 58 
(1965)2 and straight section 74 (1967)3, serving the 2 m hydrogen bubb
le chamber in the east experimental area, respectively the 1 m heavy 
liquid bubble chamber in the neutrino area. An improved, radiation re
sistant version of the kicker magnet, permitting remote field polarity in
version, was installed in 19674. Channel 1 was dismantled in 1968 but 
may possibly be replaced by a channel starting from straight section 2. 
Channel 16, for ejection towards the ISR5 is scheduled for first operation 
in 1970. 

The rapidly growing demand for fast ejection (more channels, more 
experiments, double pulsing of the B. C.) made more efficient beam 
sharing between different channels necessary. Since the new generation 
of fast kicker facilities, under development elsewhere in CERN, proved 
to be a longer term project, it was decided in 1967 to rebuild the old 
systen6, aiming for installation in the summer shut down of 1968. This 
has been accomplished and the facilities are in operation since October 
19687. 

The new system, popularly called "Operation Straight Flush" per-
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mits ejection of up to 3 bursts into the same or different channels du
ring the same accelerator cycle (multiple shot). The energy and timing 
(interdependent), the number of bunches to be ejected and the kicker 
magnet field polarity may be chosen for each shot. The minimum time 
interval between bursts is 150-200 ms, depending on energy. The pro
gramme may also be varied from cycle to cycle (sequencing). 

These new kicker magnet facilities permit to serve all existing and 
presently planned fast extraction channels (Fig. 1) and to cover all de
mand, probably for a few years to come. 

Due to the numerous possibilities thus created, their use needs 
some experimenting and their full exploitation will be accomlished only 
gradually. Also, due to growing complexity of beam sharing schemes 
the urgent need for a complete and coherent beam diagnostic system is 
reconfirmed. 

This programme required building completely new delay line pulse 
generators and spark gaps, incisive modification of the high voltage 
charging supply and construction of programmable controls for the latter, 
a new control and interlock system and, last but not least, a flexible 
programming and timing system to be able to take full advantage of 
the new facilities. 

2. Kicker magnet 

A central part of the fast ejection system is a mobile small apertu
re kicker magnet4 of 20×22 mm2 useful aperture, located in the acce
lerator vacuum system which is locally enlarged to a tank. The magnet 
is moved by a hydraulic servoactuator outside the tank over a connec
tion shaft sliding through a seal. 

The kicker magnet is of the delay line type with 102 characteristic 
impedance and 85 ns filling time. The inductances given by ferrite rings, 
and the vacuum dielectric plate capacitors between the ferrite rings have 
the coaxial structure of Fig. 2, the aperture being cut out of rings and 
plates. There are two magnet units, powered independently, fixed to a 
central support. The magnet may be excited up to 3000-3500 A, resul¬ 
ting in 0.12-0.14 Tm kick strength. 

Mechanical switches, located right under the vacuum tank permit 
to commutate the current and hence the field direction, thus avoiding 
flashover difficulties encountered elsewhere with reversal of voltage 
polarity. 

3. Delay line pulse generators 

Each of the two delay line magnet units is powered through 80 m 
long transmission cables by a separate delay line puiser (Fig. 3), using 
a spark gap switch (front gap). A second spark gap (tail gap) may con
nect the other end of the pulse forming network to a matched dumping 
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resistor. By appropriate timing of these gaps the pulse length going to 
the kicker magnet may be varied between 0.1 and 2.1 μs. The RC sec
tion at the front gap gives a short rise time to the pulse, the third gap 
(clipping gap) gives a short fall time by short circuiting the line at the 
relevant moments8). The construction is illustrated in Fig. 4. The two 
pulsers may be operated simultaneously or separately. 

The spark gaps are of the three electrode swinging cascade type9 
with an annular electrode shape to reduce the influence of erosion. The 
gaps are triggered by 30 kV Marx pulse generators, the overall jitter 
being typically 12 ns. 

The pulse forming networks may be charged to 30-70 kV within 
150-200 ms by a H. V. supply with ignitron switches in the primary 
circuit. A start pulse opens the ignitrons for full wave charging. When 
a voltage derived from a H. V. divider is equal to the programmed re
ference voltage, the phase cut angle jumps to the other side of the sine 
wave and the voltage is then held constant to within 1% by a servoloop. 

4. Electronic controls 
A program sequencer (Fig. 5a) gives a synoptic display of the beam 

sharing scheme in case the program is varying from pulse to pulse. 
During accelerator operation this program sequencer is a slave of the 
main accelerator programmer; it then receives timing signals from the 
latter and retransmits them to the ejection system. During accelerator 
stops the program sequencer can generate autonomous programs for sys
tem test runs. 

The kick and bunch selectors (Fig. 5b) permit selection of the 
ejection parameters for each of the ejection areas programmed on the se
quencer panel. The proton bunches are labelled earlier in the accelerator 
cycle such that it is possible to choose the first bunch and the number 
of bunches to be ejected for each of the subsequent shots. 

The pre-and post-pulse units (Fig. 5c) are preset scalers generating 
trigger pulses locked to the ejection pulse, before respectively after ejec¬ 
tion. If the ejection moment is changed, the pre-and post-pulses follow 
automatically, maintaining the preset time interval before or after ejection. 
These pulses serve to synchronize the septum magnet pulse, the closed 
orbit deformations, RF beam steering perturbations, monitoring oscilloscope 
triggers, RF separators. The pulses are also available to experimental groups. 

An interlock system protects ejection channels, kicker magnet and 
pulse generator in case of failures. There are general interlocks and area 
interlocks. The general interlocks switch off the power supply of the high 
voltage pulse generator in conditions of alarm from vacuum, temperature, 
pressure, overvoltage and overcurrent detectors in the kicker magnet or pulse 
generator. The area interlocks inhibit the firing of the pulse generator at 
ejection channels, in which ejection is forbidden by personal protection. 
There are other area interlocks in case of improper ejection into an area: if 

626 



the pulses of the two kicker magnets are not equal (pulse balance), if 
the spark gap pressure does not correspond to the high voltage (pres¬ 
sure-HV balance) or if the field inverters are not in the correct position. 

A monitoring system permits to display all fast high voltage sig
nals of the kicker magnet and pulse generators as well magnetic kick 
and some low level signals on an oscilloscope for systems check out. 
Another scope may display slow signals such as the H. V. charging 
process or the kicker magnet movement. 

A hydraulic programmer (Fig. 6) generates an electric analog sig
nal that is followed by the electrohydraulic servosystem10 moving the 
kicker magnet. The cycle is first composed of voltage steps, then smoo
thed by a filter and modulated onto the 400 c/s carrier wave of the 
feedback system. 

5. Operational experience 

Since its first functioning in October 1968 the system has been in 
constant operation mostly in the double shot mode or in the triple shot 
mode. A number of machine development sessions have been held in 
order to exercise through some of the numerous new possibilities, which 
have by no means been exhausted. There possibilities are only gradually 
being discovered and included in the accelerator program, which has 
shown a growing complexity and diversity over the last year. The pos
sibilities are expected to be fully exploited only some time from now. 

The diagrams of Fig. 7 illustrate the complexity of beam sharing 
schemes as practised to date. 

Figs. 8, 9 and 10 give typical oscillograms taken at a machine de
velopment session, during which three partial fast ejections were made 
at 200 ms intervals at 19.2 GeV. 

The extraction efficiency at present varies with accelerator stability 
and operational care and attention, but is lower in the average than in 
the old days of single shot ejection. The principal causes for this may 
be (I) larger beam diameter due to growing accelerator intensity, (II) a 
bit marginal rise and fall time and intensity of the kick, (III) growing 
complexity of beam sharing schemes. The first two causes can not ea
sily be avoided and may possibly be coped with by a new generation 
of ejection equipment in some years from now. The third (and not the 
least) cause may be reduced by operator training, and more and well 
chosen beam diagnostic equipment. 

As a whole, the system has been working surprisingly well, consi
dering the short construction and testing time of hardly one year. This 
is borne out by the fact that 3 months after start-up the responsibility 
for the system was transferred to the very efficient MPS ejection main
tenance team and since that date the construction team has never been 
bothered with requests for help. 
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Fig. 1. Fast ejection channels of the CPS Presently existing channels are 58 
and 74; channel 16 towards the ISR and West Hall is planned for 1970. All channels 
use stationary septum magnets. Example of ejection into channel 58: average closed 
orbit position is displaced a bit outward, A local closed orbit distortion (bump), cen
tered around straight section 59, is created by a double pair of backleg windings 
B1, B2, B3, B4. This places the beam in front of the septum magnet. The kicker 
magnet deflects the beam inwards, creating a betatron oscillation of enough amplitu
de to Jump the septum. For a subsequent shot of the kicker magnet into another 

channel the previous bump is suppressed and a new one is created near the septum 
magnet of that channel. 
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Fig. 2. Perspective view and partial cut of the kicker magnet (1) inner 
conductor with (1 a) inner flange and (1 b) outer flange: (2) outer conductors, (1 c), 
(2 c) rings cast into central supporting plates; (1 d), (2 d) stubs welded onto rings, 
(3) large, thin capacitor plates of inner conductor; (4) small, thick capacitor plates of 

outer conductors; (5) ferrite rings, borne by inner conductor; (6) profile'alignin ferrite 
rings (7) plates supporting flexible strip conductors, (8) flexible strip conductors 

connected to inner conductor; (9) flexible strip conductors connected to outer conduc
tor; (10) inner conductor of coaxial traversal connected to inner conductor of magnet 
unit; (11) earthed outer conductor connected to outer conductor of magnet; (12) 
moving contact of field inverter; (13) fixed contacts of field inverter; (14) moving 
bypass contact; (15) pneumatic cylinders actuating field inverter; (16) pressurized air 

connections to cylinders; (17) electrostatic pickup ring for observation of incoming 
pulse; (18) long pickup loops for observing time dependence of magnetic kick. 
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Fig. 4. Delay line pulse generators being assembled for life tests 

PG=pulse generator; SL=storage line; FG=front gap; TG=tall gap; AD=RC 
section for steep, pulse front; HVD=high voltage divider for center electrode of spark 

gaps; CR=charging resistor; HVE=high voltage entry from power supply; PU=air 
pressure unit for sparkgap. 
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Fig. 5. Programming and timing 

a) Program sequencer 
The programs are repeated for a preselected number of acceleration cycles, 

with Nixies displaying the counted cycles. In each program unit the ejection areas 
are switched on with the left-hand knob, and the right hand light flashes when the 
high voltage pulse generator is triggered. After completion of the preselected cyc¬ 
cles, the next program unit is started; the last program unit restarts the first unit. 
For tests during stops of the PS accelerator, the test unit simulates the M-train, RF 
and RF/20 signals. The test cycle time can be varied between 0,5 and 3,3 sec. 

b) Kick and Bunch selector 
The M-ejection unit counts the M-pulse train and provides a selection of the 

ejection energy. The first bunch unit selects the first bunch to be ejected, and the 
ejected bunches unit selects the total number of bunches to be ejected. The ejection 
energy in calculated from the main magnetic field, and is displayed by Nixies. The 
line voltage is preselected, sampled immediately before ejection and displayed. Push, 
buttons under the line voltage display select the lines to be pulsed and the polarity 
of the magnetic kick. 

c) Pre-and post-pulse units 
For synchronization of auxiliary ejection operations or phycics experiments to 

the ejection moments a number of units is allocated to each area. Example: a number 
of 23 programmed on a pre-M-pulse unit of area A, results in a trigger pulse 23-M-pulses 
before the ejection M-pulse of area A. The M units are for rough timing 
the RF units have max. 1-2 ns jitter with respect to the first ejected bunch. 



Fig. 6. Hydraulic servoactuator controls and programmer 

The program is an electrical analog signal first composed in steps by the step 
units, then smoothed by a filter and modulated on the carrier wave of the servosys¬ 
tem. Each step unit is a preset counter combined with preset voltage generator. At 
the chosen M-pulse the analog signal assumes the voltage preselected on the unit, 
until the next unit takes over in the same way. The cycle may be advanced or de
layed as a whole by the gating scalers which let the M-train through at chosen 
moments. 
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Fig. 7. Typical Beam sharing schemes: 
FE 58 means fast ejection into channel 58, etc. SE 62 means slow ejection into 

channel 62. n means a short burst on target n. a medium burst, a long burst. 
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Fig. 8. Triple fast ejection: 

Two shots are ejected into the bubble chamber channel and then one shot into 
the neutrino channel, all in intervais of 200 ms at 19.2 GeV/c. The oscillogrammes 
(100 ms/div) show 

a) kicker movement 
b) line voltage 
c) bump current during ejection into bubble chamber channel 

d) bump current during ejection into the neutrino channel 
e) RF-perturbations 
f) internal beam current trafo 

Fig. 9. Second shot of triple fast ejection: 

The oscillogramme a) shows the bunch structure with 105 ns from bunch to 
bunch of the internal beam just after the second shot, 1 bunch having bean ejected 
by the first shot and 3 bunches by the second shot. The oscillogramme b) shows the 
three ejected bunches of the second shot passing the bubble chamber channel. 



Fig. 10. Third shot of triple fast ejection 

The oscillogramme a) shows the bunch structure with 105 ns from bunch to 
bunch of the internal beam just after the third shot, 1 bunch having been ejected by 
the first shot, 3 bunches by the second shot and 5 bunches by the third shot. The 
oscillogramme b) shows the 5 ejected bunches of the third shot in the neutrino 
channel. 
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Д И С К У С С И Я 

С т о л о в : Во время работы вывода в течение одного цикла меняется ли давле -
ние в разрядниках при разных уровнях энергии выводимого пучка? 

K u i p e r : No. O r i g i n a l l y w e t h o u g h t of d o i n g this , but d e v e l o p m e n t of a f a s t 
p r o g r a m m a b l e p r e s s u r e r e g u l a t i o n proved too t e d i o u s for the t i m e w e had , so w e 
d r o p p e d it. Later , the p r e s s u r e r a n g e , over wh ich t he g a p s w i t c h e s r e l i ab ly w a s 
inc reased so that it is n o w poss ib l e to w o r k at d i f f e r e n t v o l t a g e s w i t h o u t p r e s s u r e 
c h a n g i n g . Also, at half the m a x i m u m v o l t a g e or less one m a y p u l s e on ly one of t he 
t w o k i cke r m a g n e t modules , g i v i n g only half the m a x i m u m kick or less . It is even 
poss ib l e to work at d i f f e r e n t e n e r g y levels w i t h o u t v o l t a g e c h a n g e . O n e then c h o o s e s 
the v o l t a g e fo r the m a x i m u m e n e r g y and accep t s b i g g e r de f l ec t i on for the s h o t s w i t h 
lower e n e r g y , which one c o m p e n s a t e s by p l a c i n g the beam f u r t h e r a w a y f r o m the s e p t u m 
by r. f. s t e e r i n g . V o l t a g e s c h a n g e is a conven i ence r a the r than an abso lu t e n e c e s s i t y . 

В о д о п ь я н о в : Что показывает Ваш опыт работы с р а з р я д н и к а м и ? К а к о в о чис-
ло срабатываний одного разрядника? 

K u i p e r : The p r e s e n t s p a r k - g a p s have n o w ~ 1 0 7 s h o t s and h a v e no t f a i l ed . They 
m a y n e e d c l e a n i n g a f te r , say , 3 · 106 s h o t s ind ica ted by in s t ab i l t i e s . The f i g u r e m a y 
be pes s imi s t i c s ince w e did open , then occas iona l ly a l so for o t h e r r e a s o n s or by w r o n g 
susp ic ion and so w e do not ye t k n o w h o w l o n g t h e y can rea l ly w o r k b e f o r e g i v i n g 
t roub l e . 

К а з а н с к и й : Какова стабильность х а р а к т е р и с т и к выведенного пучка; ра зброс 
по импульсам и интенсивности от импульса к и м п у л ь с у ? 

K u i p e r : M o m e n t u m prec i s ion is abou t 0 ,1%. It is g i v e n b y e j e c t i o n t i m i n g 
e s s e n t i a l l y a t ime-pu l se , a n d t he r e p r o d u c i b i l i t y of the m a g n e t cycle . S t a b i l i t y is 
f a i r ly good a n d m o r e d e p e n d e n t on the acce le ra to r than on e j e c t i o n ( v a r y i n g b e a m 
pos i t ion , v a r y i n g f i l l i n g ra te of bunches ) . Except ions : I bunch ope ra t i on , b e c a u s e of 
men t ioned m a r g i n a l r ise and fal l t ime . A l s o , at the h i g h e r e n e r g i e s , w h e n the b e a m 
d o e s not j u m p the s e p t u m w i t h e n o u g h m a r g i n at 20 Q e V and good opera t ion the 
R. M. S. F luc tua t ion may be e s t i m a t e d to be t y p i c a l l y ± 5 % for s i n g l e bunch e j ec t i on 
and± 2% for 5 b u n c h e s e j ec t i on . 

B l u m b e r g : a. W h a t t ype of o rb i t d e f o r m a t i o n : d ipo le or b a c k l e g ? 
b. Is it half w a v e l e n g t h or 3λ/2? 
c. W h a t is d u r a t i o n ? 
K u i p e r : O r b i t d e f o r m a t i o n are m a d e over 3/2 b e t a t r o n w a v e l e n g t h , c r ea t ed b y 

back led w i n d i n g s on 4 pa i r s of m a g n e t uni ts . The du ra t i on of the i r exc i ta t ion c u r r e n t 
p u l s e d e p e n d s on the pa r t i cu l a r o p e r a t i o n a l s c h e m e , the r ise and fa l l t i m e m a y be 
2 0 - 5 0 msec . 

A g o r i t s a s : Cou ld you p l e a s e g ive the p u l s e shape and the c h a r a c t e r i s t i c s of 
you r de lay l ine g e n e r a t o r for a shot of one b u n c h ? i. e. r ise t ime , fa l l t i m e , d u r a t i o n 
and r ipp le on the f l a t top. 

K u i p e r : Wi th cor rec t a d j u s t m e n t of t he s y s t e m the r ise t i m e for , say , 5 b u n c h e s 
i s ~ 1 0 0 nsec to 90% and then a n o t h e r ~ 1 0 0 nsec to 100%. Ripple on the f l a t t op is 
less than 5% p e a k to peak , fal l t ime i s ~ 1 0 0 nsec to 10%, the re a f t e r t he r e is s o m e 



r e m a i n i n g r ipple . For s i ng l e bunch e j ec t ion the r ise t ime and fall t ime a re e s s e n t i a l l y 
the s a m e bu t t he r e is no c lear "f la t" top. The kick is shor t of t r i a n g u l a r wi th a 
rounded off peak . The v o l t a g e mus t be i nc r ea sed because of the 90%. 

Barba la t : For the s l o w ex t rac t ion e f i c i ency m e a s u r e m e n t w e c a l i b r a t e d our 
d e t e c t o r s wi th the fas t beam and it w a s poss ib l e to set up a f a s t e j e c t i o n w i t h 
p rac t i ca l ly 100% e f f i c i ency . But this needed of cou r se r a the r l o n g and de l ica te a d j u s t -
men t . 

Столов: При эффективности вывода 90%, что является причиной потерь? 
K u i p e r : It has been s h o w n r e p e a t e d l y that it is pos s ib l e to ob ta in 100% e j e c -

t ion e f f i c i ency wi th " ca r e fu l " opera t ion . Howeve r , d u r i n g " n o r m a l " ope ra t ion in s h i f t s 
the e f f i c i ency in g e n e r a l d rops . Reasons are: 1) r ise and fal l t ime of the kick a re 
m a r g i n a l to that , w h e n synch ron iza t i on is incor rec t , the f i r s t and the las t chosen 
bunch may be on the r ise , r e spec t i ve ly fail of the kick and a pa r t of these b u n c h e s 
i n t e r ac t s on the s e p t u m 2) at the h i g h e r e n e r g i e s t h e kick s t r e n g t h b e c o m e s m a r g i -
nal and as w e g o u p all b u n c h e s may s ta r t i n t e r a c t i n g w i t h the s e p t u m . P r e s e n t l y 
w e w o r k up to 20 GeV. 3) The b e a m has g r o w n th icker over the y e a r s and hence 
n e a d s a l a r g e r k ick . Moreove r it is n o w m o r e or l ess f i l l i n g the good f ie ld r eg ion 
of the k i cke r m a g n e t . A t incor rec t beam to m a g n e t pos i t ion the ou te r p a r t i c l e s may 
ob ta in less than nomina l k ick : 4) We mus t a lso face t he fac t tha t beam s h a r i n g 
s c h e m e s have g r o w n so c o m p l i c a t e d tha t they jus t r equ i re m o r e care and u n d e r s t a n -
d i n g than a f e w y e a r s ago . 5) The beam d i a g n o s t i c s is s t i l l o f t e n in su f f i c i en t or pa r t -
ly ou t of o rde r , which does not m a k e it s i m p l e r for the ope ra t i on . 

Адо: Что можно сказать о надежности системы вывода? 
K u i p e r : Do not k n o w the exact f i g u r e s by hear t , but s t a t i s t i c s in t e r m s of ope-

ra t ion hours a re e x t r e m e l y g o o d . 
N e a l e : W h e n J w o r k at CERN severa l y e a r s a g o , qu i te o f t e n one of the 20 

b u n c h e s w a s m i s s i n g due to faul t i n j ec t ion . Do you st i l l have th i s p r o b l e m ? If so h o w 
can you m a k e su re that you do not e j ec t the m i s s i n g b u n c h ? 

K u i p e r : Yes, the " in f i ec to r bunch" it s t i l l i n c o m p l e t e , typ ica l ly O ÷ 3 0 % . It de-
p e n d s on o p e r a t i e n and may be 100% w h e n c a r e f u l l y a d j u s t e d . The in f i ec to r h a v e a 
m a r g i n a l turn-off t ime . S ince the b u n c h e s are l abe l l ed ear l ie r in the cyc le o n e can 
choose a spec i f i c bunch and t he r e is no r isk of " e j e c t i n g the m i s s i n g one" . Of c o u r s e 
th is is e s sen t i a l for m u l t i p l e shot opera t ion . 


