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Summary 

(Presented by G. Plnss) 

The 25 GeV/c proton bec:m is extracted. from the CERN proton 

synchrotron within a time-interval of 2.1 µs. For the 

production of a high flux of pions and kaons the beam is 

then {su.ided towards an external ti.?..rget nnd in th8 to.rget 
2 focused to approx. 1 mo cross section. Results of preliminary 

beam studies are discussed and the apparatus used described. 
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1. Introduction 

It boco.me clear soon Qfter the first propoSl:»ls for experiments with 

neutrinos frqu high en0rgy ~wcr:.lerators were mc1de that o.n extracted beo.m of high 

energy protons would combine a number of properties of interest for such experiments, 

such as : · 

1) · the small c7mittance of the circufoting proton beam could be essentially 

preserved. It permits focusing of' the beam to a smo.11 diameter in o. 

long c:;nd thin target and hence ::m efficient use of the accelerated 

protons; 

· 2) the time structure : the toto.l burst length of c1 fast ejected beo.m 

would be convenient for bubble cho.mbers. The bunch structure permits 

further gating of counters or spark chcmbers to a ratio of 107 : 1 

against cosmic rnys o.nd time of flight rejection of slow neutron 

bc:.ckground . 

. In fact the ro.tes from internal targets of less thnn one useful event ,Per 

d::iy c.nd ton of detoctor realized 0,,t tho Brookhaven A.G.S. l) or expected nt the 

CE~ P.S. 2 ), 3), 4) were mo.,rginal for doing neutrino experiments wi~h justifiable 

an.ounts of machine tim8, o.nd th8 feasibility was lnrgely dependent on the geometry 

of the synchrotron magnet. Consider.'.ltions about thC:, use of tho then plan;ned fast 

ejected proton bean for the C.P.S. 5) led to the proposal of a 11ml'\gnetic horn" 6 ) ' 7 ) ,S) 

for directing the pions originating from on external brget towards the detector 

of the neutrino induced intGractions. 'l'his device was expected to increase the rate 

to severc,l events per day in the CERN heavy liquid chcmber without substantially 

chnnging the exisUng proposnls for the experimental layout 3), 9) from which the 

present arrangement was developed. 

The extern::cl proton beam hc,s up to date delivered in nbout 35 do.ys of 

running :::cpprox. 106 pulses raninly of 24.6 GeV/c protons onto the external target. 

The accelerated intensity was mostly between 7 end 8.1011 protons per pulse of 

which more th211 90 o/ o were ejected. The bec1m worked satisfnctorily after Ii ttle 

s<::tting-up D,nd testing ti.me o.nd the n1Jutrino experi,,mnt was started immediately. 

There was little timo o.vnilable for systermtic studie~1 of the bean1 ; the presented 

dr:c to. on the beam properties 1re hence preliminary. 
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2. Description of the benm 

2.1 Trcc,iectory 

'.I1he lnyout of' the fin11l experimental set-up is shown in Fig. 1. The 

experiment ht1s been e,rranged such ns to fake up the minimum space in the P. S. South 

H,-:cil, Le. the detectors hnve been pl,"~cGd into the North West corner of this hnll, 

lepving pl~we for CTost of ths oth<.;;r standD.rd beams derived from internal targets. 

As n consequence 9 the extracted proton beam could Dot be used within the range of 

directions provided by the ejector :nngn0t (ho.tched cone in Fig. 2), but has been 

further deflected to follow closely the P. S. ring EJ.'.:Cgnet. 

Fig. 2 shows '-' 10,yout of the ';xtrnction. equipment and tho external bec,m. 

The proton bert'l is ejected from the synchrotron by exciting n betatron amplitude 

of 20 rom wj_th the farot kicker magnet 9 Emd by a subsequent 24 mrn.d outward deflection 

by the septum magnet. After hJ.ving left the D1.achine field, it is deflected into 

the direction of the dGtectors (pnssing at thE) so.rne Ume cleclr behind the yoke of 

the P .s. mo.gm't unit 4) by n deflection of 101. 5 mr[ld towards the me.chine centre, 

which is nccomplishod by 5 pulsed 'lf_,,gnets of Cipproxinately equal strength. A w.'rtical 

correction of 0.15 mro.d is provid.ed by a sixth smnll mgnet. 

The trajectory of the ejected beDm through the P.S. ri~gnet up to the point 

at which it "'oerges fron the P. S. stray field ha.s been tr:tced with a computer 

lO) T' . . t t tl t . -"' programme • nis in egrEL es , 1e equa ion OJ :notion in smnll steps, the field vc~lues 
11) 

Fig6 3 r:nd 4 show the trajectory . being interpolnted from 12 nensured field table 

through the P.S. magnet units in more detail ; 0,lso shown i the result of a tr"1jectory 

measurement in the lo.cit magnet unit (Fig. 4). The outward purr:.llel displncement of 

the rne.sured cuTve correspcnds to approx. l~ 5 rr,r;1 error in the relL\tive alignment 

between the septum nm.grnt and the mec,suring equipr:ient. This j_s within the expected 

overall mensuring precision. 

'I'he rnnchine v?cumn is terminnted one nngnet unit downstrenm from the septun 

magnet. From then on the bee@ trD.vels in c:. vrccuum tube 9 rn.ostly 1l 40 rrn:n outer dio.meter 

plexiglnss tu be, o.t n. rough vcccuun of approx. 3 Torr. The remaining r. m. s. Coulomb 

scntturing ongle i.s smnller than 0 .02 mro.d. Thnt the benm is well centered in the 

v'.lcuum ·tube can b<.--i inf(:OJr:red from Fig. 5 where the spots obtc,ined by. introducing 

photographic po.per directly into the vc_cuurJ tube ei_rc; :reproduced. For nn explanation 
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of the small satellite spot visible in two places see pnr. 3.1. 

·2.2 Beam optics 

The fields in the two ejection magnets are sufficiently constant in space 

and time to have only a small influence on the.beam properties. The effect is 

negligible for present purposos. 

The beo.Lri leaves the lineo.rized field region of the P. S. aperture in the .. 

magnet units downstrec.m from the septum magnet, where tl;le locption of the ~jected 

bean with respect to the pole fr.cces is indicated in Fig. 4. It traverses a horizontally 

focusing field iri one and horizontnlly defocusing fields in three half mngnet units 

with menn gr~dients at 24.8 GeV Il1..'1Chine energy of approx. 4.2 Wb/m3 in the first 

and 4~3 Wb/m3, 2.i Wb/m3 @<1-i.3 Wb/m3 respectively in the other sections. The 

resulting horizontally defocusingeffect is compensated by inserting a horizontnlly 

focusing quadrupole (Ql in Fig. 2) between the two rmgnet units. A berun of less than 

0.5 mrad divergence is thus produced (cp. Fig. 5). 

The beam is then focused to very small size by a quadrupole triplet 

( ~ - Q4 in Fig. 2). The lens stren~~B:~ as . computed with.·. ~:rlother ste.ndard progro.mme 

are displayed in Fig. 6. Fig. 7 shows the spots obtained on Polaroid film when the 

lenses are tuned so us to produce a focus in the space between the deflection 

magnet B 6 and the horn. Fig. 8 htcs been obtained by inserting at the .. srune·p1ace·· 

photographic pe.por1ongitudinally into the beam in horizontal and vertical planes •. 

The attained spot sizos d.epend on the sensitivity of the photographic 
'), ' 

material and are in fact too large due to secondary particles. As typical examples • 
,, 10 

G 5 and· K - 1 emulsions exposed to 1.6 • 10 protons are shown in Fig. 9. The large 

black spot in Fig. 9 8:·fa··seeri.to be almost eritfrely due to raai:iil ·tracks of -
secondaries, ond the actual beam cc.nnot be distinguished. The total doses hnve been 

obtained. in-different ways in -Figs. 9 b, c and d which thus give an .. indic.ntion ... of.. 

12) 

the stability of the system at least during short pdriods. In order to obtain a better 

estimate of the beam size c series of K - 1 emulsions has been exposed to doses 
8 11 between 3.5 • 10 and 1.6 , 10 protons and again all plates are overexposed in 

the centre. However, by plotting constant blackening ago.inst radius (using a rather 

subjective criterion of blackness in microscopic observation) a curve as in Fig. io 

can be obtained. Though the peak of tho curve is unknown, it allows the conclusion 
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that more than 90 o/o of the beam .'J.re contained in dimensions smnller than 0.8 rnJ:1 in 

horizontal and 1. 3 mm in verticd directions. 

It cnn bE1 inferred from Fig. 4 tret the benm avoids the regions of strongest 

nonlinearity of the synchrotron :field '.:lnd that phc\se-space should hence be es1:Jentiolly 

conserved. Phase-spc:ce elJipses in the horizontal pl:J.ne have been constructed by 

tracing with the computer a numbccJr of trn,jectorie s with initL1l conditions lying 

on an assumed machine phase-space ellipse. 'rhe resulting contours o.re shown in Fig. 11. 

An approximnte emitto.nce value of an ejected beam of 1.5 • 1010 protons 

has bedn estim:..1ted from Fig. 10 and similccr exposures o:t the end of lens Q 4. 

The result is shown in table 1. 'rhe accGptance of the circulnting bornn is comp1;1tod 

fro111 the horizontal becm dimension which is approximately determined by letting 

the Gjection r,10,gnet intercept the beara. 

Tablo l 

Extracted boom omitta~ 

mensured emittance 
' 

estimo.tod emittnnce 
of the circulo. ting be run 

-

horizontnl 7 TI . 10 
-·7 

rnd . [.'.l 4 TI . 10-7 ro.d . m for 

beo.m width 6 mm 

vertical 3 TI . 10-7 rnd . m 
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f.~ Efficiency 

,ThG bunch structures of the circulating n.nd the ejected beam as observed 

with electrostat:Lc pick-up electrodes ·'.lre shovm in Fig. 12. 'rhe loss of the second 

bunch nnd occasiono.1 mutilation of the first in th0 ejected berun are due to a 

tei:1porary deficiency of '.l storo.ge line of th'~ e,jection system (see par. 3.1). Since 

normally no beam is left in the machine 2.nd there is no evidence for losses in the 

external beam, (cp. Fig. 5), we infer th1?.t .the extraction efficiency is at present 

betwe.en 90 'md 95 o/o. This is in ngreement with the indication of a calibro.ted 

beam cur-rent trs.nsformer in tha external beam pcrth. 

'l'he stability of the whofo system is such that 98 o/o of thi:i ejected 

pulses pass through o. 2. 5 mm diamet"'r hole in a fluorescent screen mounted in front 

of the 4 ram dirun,efor target without sigific:mt light production. 

3. Apparatus and instrwnentntion 

.2.J:_ Fast beam extraction 

The beo.m is extro.ctea. in two sbges (see Fig. 3). A sudden distortion 

induced by the "kicker" magnet in the synchrotron orbit makes the berun pass through 

the ap~rture of a second magnet (bending magnet in Fig. 3) which deflects it out 

of the synchrotron mngnet fh~ld. For mnximum efficiency the kicker rnngnet field 

rises . between the passage of two subsequent bunches of the circulo.ting proton beam 

(i.e. in 100 ns) to upprox. 0.1 Wb/rn.2 ::::,nd sto.ys constant for the revolution time of 

the synchrotron of 2 .1 µs (Fig. 13). It yields 1 mrt1cl deflccticn and some 20 illL1 

amplitude of the orbit distortion. 'rhe b@ding rr£1.g11et must have low leakage field 

:Ln order not to d.istort the synchrotron orbit bGforc:i ejection, becnuse its field 

rises more slowly o.nd to a higher vr:lue. It rises to 1. vm/m2 in 75 µs n.nd deflects 

the beo.m through 24 nrad angle out of the machine. The pulse of th0 kicker magnet 

is synchronized to the top of th,~ sinmiotd1'.l pulse (top trc.ce in Pig. 14) which 

is sufficiently flat. during the 2.1 µs intervnl within which th0 been is ejected. 

Both HL'gnets .'.J.re loc'1ted insi.dt' vacuum tnnks CLnd cover in their working 

positions. pc.rt of the I' .s. vacuum aperture, Since the bea:-n fi.lls o. l2rge pc'.rt of the 

vacuum chrunber at low energies the ejection rmgnets art; moved llito their positions 
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in each acceleration cycle after the betatron oscillations have been sufficiently 

dnrnped ond the beam diameter is Sinaller thc.n l cm. The magnets are shown in their 

vacuum tanks and the hydraulic r,ctu.o.tors ;ire indicnted in Figs. 15 and 16. 

In order to obtain thE:J required trnpezol:dnl fiGld pulse shape, the kicker 

13), 14) of magnet is pulsed in a matched transmission line circuit 10 ohm. impedo.nce 

as schemnticnlly represt:nted in Pig. 17. A lumped element transmission line (LSL 

2nd SSL) is charged to o. c0rtdn volteg0. Upon closing the gap G a volttcge wove of 

half the ch:1rging voltnge with the nssocio.ted current vr~.ve travels down the circuit 

through the mngmt, the energy finally being dissipded in th'j terminating resistor R. 

The charged line consists of two rnrts, one for pulses of 100 ns dUTation (SSL) (md 

one for 2.1 µs (LSL) pulse duration which permit r,~spectively the ejection of si11gle 

bunch,;s or of the totc.l beo.m .. A mismo.tch of the 100 ns storc,ge line in the first 

nsserably explnins the departure from trn.pezoidal puls0 shape in Fig. 13, the 

existGnce of the second spot in Fig. 5 (dmc.e to tho bunch deflected by the first peak 

of the puls&) and the missing bunch in Fig. 12 which fc1lls into th,; subsequent mini1num. 

The pulse generator e1ssembly is shown in Fig. 18. Tho whole system hcLs 

been designed coaxinl, the outer conductor e-lways being connected to ground potential. 

The rack contains from top to bottom th:; 2 .1 µs storn.ge line, n high voltage switch, 

the 100 ns storo.gG line, the three electrode 11 swinging cc.scade 11 type spnrk gap 17 ), 

and a mutual inductance for observation purposes. Five 50 ohm cables in parallel guide 

the i:mlse to the mngnet and further to the oil-co >led resistor assembly• 

The kicker magnet consists of two units (Figs. 19 and 20) of co::txial 

structure th.e outer conductor of course beir1g ir1terrupted to oper1 the 1.nngnet go.p. 

Ferrl'te · · tl · "' "re; loc."ted betwec;n the i'nner o.nd outer conductors rings WJ •. 1 an a1r gal! ~ ,~ 

and the impedcmco is m tched by circi.110.r pb te co.pnci tors located between the 

ferrite rings. The who1e r;1Bgnd is sealed vacuum tight and is oil-impregnated to 

improve the high voltc~ge relio.bility. '.Che radio.l field distribution in the go.p is 

shown in Fig. 21. Some p2.rai1•:iters .'.md ro.tings of the kickE:;r magnet :1nd its circuit 

are collected ir1 tccble 2. 

A low leokage field is achieved by a "septum" ty:i:Je mo.gnet structure, 

where the return current conductor ("septum") is so p1o.ced tho.t it closes the magnet 

gc..p. The septum magnet (Fig. 22) consists of two units in series each built up of 

blocks of glued Si-steel plates and is excited by a single -turn winding. It is 
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pulsed in order to ease the problems of cooling the heavily loaded septum conductor. 

Eddy currents induced by the pulse in the front plate that cools and retains the 

septum at the sarn.e time reduce somewhat the leakage field. The radial field 

distribution in the gap ::md the leakage field outside the septum are shown in Figs. 23 

and 24. 

Fig. 25 shows the "delayed crowbar 11 pulsing circuit of the septum 1111::-ignet. 

The capacitor is first discharged tbrough the ignitron pair S and the rnD.gnet 

(Fig. 14, top trace). The discharge would continue ringing, but before the reverse 

voltage reaches its peak the capacitor is rapidly dischD.rged through the ignitrons 

CS and the low inductance damping resistors DR dissipate th(7 stored energy. (Fig. 14 

lower trace). In Fig. 26 the low inductance tJ.rrnngement of the pulser circuit is 

shown. Parameters ctnd r~1tings of the bending magnet and its circuit are given in 

table 3. 

A first outline of the fast ejection systc::m h2s been presented in ref. 5 

and a more detailed account of th0 completed installn+;ion in ref. 16. 

j.2 Beam transport 

In order to deflect the benm into the chosen ylo.ce for the detectors and 

at the samo time to produce a focus ne:;,r thu E1Dchine the bec.m transport components 

had to be loca..ted Vt:ry neccr the synchrotron magnet. This requirement limits their 

external dimensions, while the smal 1 size of the be run allovrs for sr:iall .J.pertures. 

The deflection fields tend the: ::;redients hc'1ve been pbnned for very high values in 

order to reduce the required lengths. Th0 associated power problem in the restricted 

spc,ce cnn be copud with by pulsing all thesE:: magnets, since the fast ejected becJJJ. 

has only 2 µs pulse duration. 

There o.ro four types of magnet components, short nnd long window frame 

bending magnets :end short 2.nd long quadrupoles with hyperbolic pole pieces. They 

are all rnn.de from low carbon steel lo.c;1inations and excitod by several turns of wah:,r 

cooled copper conductor co.st in epoxy resin. The different components are shown in 

Fig. 27 cmd 28 11nd their relevant rhmcmsions are included ir1 tnble ,:;-. The field 

distribution in the deflection magnets is sho1-m in Fig. 29 and the vnriation of the 

grn.diont in the quadrupoles is represented in Fig. 30. The pole profile of the 

quadrupoles favours th0 high gradients. 
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The be.nm transport components «'.re pulsc:>d from circuits such :;,s shown in 

Fig. 31. The co.pacitor is discho.rged into the magnet coil through ignitron 1. T'ne 

ringing frequency of th0 circuit is such ns to ::cllow the ignitron to extinguish after 

one half cycle, leaving the c2pacitor cho.rged with reversed polnrity. The capacitor 

pok.ri ty is subsequently returned to the initial sense v-:Lct igni tron 2, recovering 

approx. 35 o/o of the initial voltage. Extinguishing of the ignitrons fa ~nsured by 

the snturable reactor. The frequencies of the circuits for the various magnets 

(see table 4) vary G.ccording to thG inductance of the magnetic components :md 

nccording to the required current within the limit im::;:iosed by the requirement of 

ignitron exstinction. Standardized cet:;:x:witor units can thus be used, the supply 

vol.tciges being tho sace within certain limits. The capnci tors ::ere charged by tr··)ns­

duc tor controlled supplies l?) which are s1t::cble to better than 0.1 o/o. 

The ,-rain pnr~'metc;rs of the bes.ff1 tr31sport mo.gnets ond the pulsing circuits 

o.re listed in table 4. '.l'he ins klle d beo.m transport mngnets o.re shown in Figs. 32 

nnd D. pulser rack in ]'ig. 33. A more detailed description of the beam transport 

equipment is given in. ruf. 18 • 

.2.: 3. Benm observcition nnd monitoring 

The essentinl pro1x~rties of this benm - densities of the order of 1011 p / 1¥112 

in space and 3.1018 p / s in time - render impossible the use of detection. methods 

relying on the identification of single:: particles. The following techniques o.re ther-e­

fore used for beo.m observ:,tion purposes 

fluorescent screens for beam o.lignment adjustment and monitoring 

n . torol:dnl tro.nsfo rmer for intensity moni taring ; 

electrosto.tic pick-up electrodes for time - structure (bunch nruo.ber) 

observation ; 

photographic mD.terinl of v::::.rious kinds (noroo.l copying paper, Polaroid; 

mo.terio.l, nuclear emulsions) ccre used for special purposes D.S described 

in po.r. 21 crnd 22. 

Normal ZnS fluoresctJnt screens viewed by television CGmeras hD.vo been the · 
. . io) 

mc..in tool for observing thcj eje:;cted be1:~m ./ • Spac0s for screens and their pnellinatiC 

or electromngne tic drj_ves h'lve b08n provided in the places marked in Fig. 2. Most 

of them served in tho setting-up period, but only two o.re essential for the continuous 
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monitoring of the beam. A window frame screen around the aperture of the septum 

magnet is used to monitor the position of the circulating synchrotron beam relative 

to the ejection equipment since the beam. ::;iosi tion and di8.1"1eter have a tendency to 

vary slowly. Another screen, with u 2.5 mm diameter hole in the centre, is mounted 

onto the target holder of the magnetic horn and aligned with the t&rget. Normally, 

the beam will .. pass through the hole 2,i1d ·hence hit the target. 

The beo.m current transformer is of 11 type simile.I' to that used for the 

measurement.of the circulnting beam intensity and has been described elsewhere 20 ) 

L.n electrode plttced neo.r the beam typically produces an electrostatic 

pick-up voltage up to 1 V. It yields direct information on the benm bunch structure. 

A system of four electrodes pbced nround tJ:K, bean1 is being made o.s an alternative 

for bec;m position monitoring. 

The standard P.S, displays of ro.dioJ. beam position, trapped proton intensity 

(digital indication at preselected machine energies), and of the variation of the 

proton intensity during the :J.cceleration cycle complete the necessary set of 

monitoring equipment. 
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Tnble 2 

Paro.rneters of kicker rnagne t circuit (per unit) 

Number of units 

// Ferrite 
Gap height 

'·, useful f.or beam 

,./ Ferrite 

"-·. useful for beam 

Length 

Ferrite length 

Pulse duration 

Delay time kicker 

Inductance of kicker 

Capacitance of kicker 

Chnracteristic impedance 
ft 

IVI8.~. kicker voltage 

" 
II 

It 

II 

II 

" 
It 

PS/4013 

line voltage 

current 

energy in storage line 

magnetic eru rgy in kicker 

electrostatic energy in kicker 

obtainable kick in entire D1'..l.gnet 

field in Ferrite 

value for single bunch ejection 

mnximum means highest value used over 
6 

at least 10 operations 

2 

22 

15 

32 

25 

450 

280 

2.1 µs 

,-....; 0.07 

!""\,.) 0.7 

!'"'-' 6600 

1-VlQ.4 

35 

70 

3500 

260 J 

9.3 
9.3 

0.153 

/"V 0.3 

mm 

mm 

mm 

mm 

llll1l 

mm 

µs 

µH 

pF 

n.. 
kV 

kV 

A 

J 

J 

Wb/r;i 
2 

Wb/m 

*' 0.10 µs 
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Table 3 

Parameters of the bending magnet circuit 

Magnet o.perture 

Magnetic length 

Inductance of the magnet 

Onset of saturation effects 

Current o.t 1.5 Wb/m2 

Pulser co.pe:.ci tor (HYDRA) 

Capacitor voltage at 1.5 Wb/m2 

Crowbar resistor 

Crowbar circuit inductance 

Ringing frequency 

Crowbar delay 

PS/4013 

45 mm wide 

25 mm high 

1.96 m 

4.2 µH 

around l. 5 Wb /m 2 

30 kAmp 

328 µF 

4.5 kV 

0.1 SL 

0.2 µH 

3.5 kHz 

110 µs 



Table 4 

Parameters of the beam transport ma"':nets z;.nd the pulser circuits 

Hc.x. rc~tin ::s n:l v~·iluos for tho ;_)resent bear~ at 25 GeV /c 

Qu::,drupole lenses 

Q 1 I Q 2 I Q 3 I Q4 
···---· 

Magnetic length 0.455 0.455 1.485 1.485 
M2gnet5..c nperture 40 din. 40 dio.. 40 dia. 40 dia. 
Magnetic flux density, max. --- --- -~-- ---
TIIagnetic flux density o.t 25 GeV/c --- --- --- ·---
Magnetic field gradient, max. 80 80 80 80 
Magnetic field gr:::.dient o.t 25 GeV/c 26 42 36 41 
Excitation current 0.85 1.35 1.15 L~O InductQilce 

0.4 0.4 1.2 1.2 Pulser capccitor 
278 556 1390 1663 Capc,ci tor vol t::i.ge 
1.1 1.3 1.3 1.3 Stored energy 

0.17 0.47 1.18 1.42 Oscillation frequency 
440 330 120 110 

Horizo~1~<l I Verticnl 
I deflecting j correction! Unit 

12J.gnets 1~1ag11et 
I 

I 
,..... 

l 1.10 0.35 ill ...:>. 

66 x 40 40 x 66 2 
nm, 2nrn 

2 r; • l... 2.2 - I 2 ~Vb rJ 

1.56 0.03 Wb/m 2 

2 --- --- Wb/r-1 
2 --- --- Wo/n 

1.65 0.03 Jrw'~ 

3.2 1 I 1nH 

3892 10 

I 
µF 

1.7 l.O kV 
5.65 0.010 

l 
kJ 

45 1600 c/s 
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B1 .;- 86 deflection magnets 

Q1-;. Q4 quadrupole lenses 

51 -;. 56 fluorescent screens 

I 
I 

I 

// 

ignitron rack 

/~eat exchang.fil. 

low inductance 
/parallel plate conductor to BM 

/ cai;iacitor bank 

~ 
s1:;1ecial tank SS 1 for fast 
ejection bending magnet 

filiuilibrium orbit 

vacuum chamber of CPS 

fluorescent frame around af2erture 
\on end of bending magnet 

screened TV camera 

Layout of the ejection and external bemn apparatus 

\f2ecial tank SS97 
for kicker magnet 

hY,draulic actuator 

terminating resistors 

ulse gener,a,tor 
and trigger 

control ·cubicle H.V. set 
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Extract.ed beam trajectory inside the syoohrotron aperture 
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Fig. 4 Extracted beam trajectory in the synchrotron leakage field 
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Fig. 5 Cross section of the extracted beam along the external beam path 
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Fig, 7 Beam cross sections in the vicinity of the target. (Lenses tuned to 

produce focus in the space in front of the horn, cp. fig. 6). 
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Fig. 8 Longitudinal sections of the beam in f:rOnt of the target. Top : 
vertical section, below : two horizontal sections (not well aligned 
with the beam axis). 
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a 

0-1'l.3tr5 

Images obtained on (a) G 5 and (b,c,d) K - l emulsions by exposing to 
doses of 1.6 x 1010 protons. (Enlargement-5 x). a) and c) obtained 
from one pulse of 20 bunches, b) from one single bunch and d) from 
20 single bunches of subsequent machine pulses. 

b 

c 

d 
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P.S. leakage field. 
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Fig. 12 Time structure of the beam. Bottom trace 
ejected beam. 

circulating beam, top trace 

Fig. 13 Sum of magnetic kicks in the two kicker magnet 
units. Each derived from a loop through the 
entire length of the unit. Sweep: 0.5 ps/div. 

Fig, 14. Top: Bending magnet current. Bottom: Crowbar curreht. 
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.bJ:draulk: actuator/ 

~9~---~ 
supporting actua;tor 

12utse cables 

kicker magnet 
in rest position 

V CUL.m tank in 5597 

Fig. 15 a. Sectional view of the kicker magnet in its vacuum tank. 

b. Kicker magnet, being aligned in its tank. 

lure 
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steel irder 

bending--11]2 net 
in working position 

bendin~ net 
in rest position 

supporting actuator 

hydraulic actuator 

-~. 3JQQOrting_b~e~a~m~--++ 
r \ vacwm seal 

I 

concrete ring beam SUf2120rting CPS magnet 

flexible low inductance _feeds 

vacuum tank in SS 1 

kicked beam 

unr-erturbed beam 

normal machine a12erture 

Fig. 16 a. Sectional view of the bending magnet in its vacuum tank. 

:·:1 

b. Bending magnet in its working position. 
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bending_r@gnet 
in working position 

bending_r@gnet 
in rest position 

c6ncrete ring beam SUP-Q.Qrting CPS magnet 

flexible low inductance . feeds! 

vacuum tank '1 551 

beam 

Fig. 16 a. Sectional view of the bending magnet in its vacuum tank. 

b. Bending magnet in its working position. 

vacuum valve 

vacuum 12um12, 
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HY 

Fig. 17 Principle of the kicker magnet circuit. HV = charging line 
from high voltage set ; IR= isolating resistor; LSL =long 
storage line ; S =switch (when closed: 2 ~s pulse; when open: 
100 ns oulse); SSL= short storage line; G = sparkgap; pc= pulse 
cables; KM = kicker magnet; R = matched terminating resistors. 

Fig. 18 Pulse generators for the kicker magnet. Center: Two coaxial 
lines with soarkgaps. Left: High voltage set. Right top: High 
voltage distribution box. Lower right side: Triggering gear 
and local controls. 
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Fig. 19 Assembled kicker magnet above its vacuum tank. Front left: 
Cable coming from the pulse observation loon in the gap. 
On the other end of the magnet: The beam-razor fork. 



kicker magnet unit 

contours of ferrite ri 

connector for coaxial 
measuring cable 

coaxial connector 

ferrite ri 
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.ferrite ri 
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Fig. 2 0 

beam razor• 

non-metallic wall 
1n gap 

coil for observation 
of magnetic field 

metal s acers for contact 
between clad ferrite rings 

Structure of the kicker magnet. Top: View on one end of the 
assembled magnet. Bottom: Horizontal section of one unit. 
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kicker magnet 9212. 
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The kick K as a function of the radial position in the 
gap of the kicker magnet. 
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Fig, 2 3 Integrated field along the bending magnet as a 
function of the radial position in its gap. 
Expressed as a percentage of it~ value at r = 20 
and at a field B (P) = 0.9 Wb/m in the reference 
point P (cp. sketch of fig, 20). 

B(P) = 0.9 Wb/ . I 

downstream _ 

B(P)= 1.2 Wb/ 2 

B(P)= 1.5 Wb/ z 

BM unit 2 

Fig, 24 Leakage field of the bending magnet as measured point 
to point along the undisturbed machine orbit (en. the 
sketch of fig. 20). Expressed as a percentage of the 
field B(P) in the reference point P. 
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Fig. 22 Assembled bending magnet. Black plate in front is the eddy 
current shield for reducing the leakage field. 
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Fig. 25 

Fig. 26 a 

s SR 

cs 

DR 

Principle of bending magnet circuit. CR= charging resistor; 
C = capacitor bank; S = switching ignitrons; SR= saturable reac­
tors; CS= crowbar switch; DR= dumping resistors; PSC =parallel 
strip conductors; BM = bending magnet. 

Fig. 26 b 

Bending magnet pulse generator. Front left: Ignitron rack. 
Behind that: Capacitor bank. Right1 Ignitron and bending 
magnet temperature control. 

Ignitron rack. Top: Dumping resistor. Right: Ignitrons. 
Bottom: Saturable reactors. Center left: Low inductance 
shunts for current observation. 

SIS/R/GS:l3 
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Fig. 2 5 

Fig. 26 a 

s SR 

cs 

DR 

'-----II r-1 __ ::-:~?i~: ~ BM 

PSC 

Principle of bending magnet circuit. CR= charging resistor; 
C = canaci tor bank; S = switching igni trons; SR = saturable reac­
tors; CS= crowbar switch; DR= dumping resistors; PSC =parallel 
strip conductors; BM = bending magnet. 

Fig. 26 b 

Bending magnet pulse generator. Front left: Ignitron rack. 
Behind that: Capacitor bank. Right! Ignitron and bending 
magnet temperature control. 

Ignitron rack. Top: Dumping resistor. Right: Ignitrons. 
Bottom: Saturable reactors. Center left: Low inductance 
shunts for current observation. 
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Fig. 27 Deflection '1'lilgne ts of the pulsed bea:n transport system 

Fig. 28 ';).ua'!rupole lenses of th8 pulsed beaT transport system 

SIS/H/G8;3() 
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Fig. 29 
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Field error as function of transverse distance from axis of 

deflecting magnet 
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Fig. 30 Gradient er::cor as a function of transverse distance fron: axis o·f 

quadrupole lens 

(mm) 
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Fig. 32 
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ignitron 2 

saturable 
reactor 

magnet 

firing of ignitron 2 
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Fig. 31 Pulser circuit for pulsed beam transport magnets 

View of the installed external proton beam Fig. 33 Pulser rack for the pulsed bea~ 
transport magnets, showing the 
capacitors and, above them, the 
saturable reactor and one ignitron 
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