
PS/5292/jc 

CERN/TC/BE.AM 66-2 
14.3.1966 

PRELHIDlARY STUDY OF A RADIOFREQUEHCY 

SEPLRA'l'ED ;JE.I'J·I SU FOR TII!~ SER.PUICHOV 

ACCELERATOR 

P. B0;rn'.:'.rd, P. Lnzoyr::i.s, H. Longelor o.nd A. V. Snnoilov 



CERN/TC/BE.AM 66-2 

- 2 -

INTRODUCTION 

As a contribution to the Serpukhov - CERN collaboration, this 

report presents a preliminary study of a radiofrequency separated beam 

for bubble chamber experiments. It is the result of three months of 

common work, for which essential contributions of P.Bramham, B.Ifontague 

and D.Plane are gratefully acknowledged. 

Although the technique of microwave particle separation is 

still rel&tively new, experience was gained at CERN during the design, 

tuning and operation of two beams, the 02 and u1 • It was tried to apply 

this knowledge and experience to the quite different conditions of the 

Serpukhov accelerator. 

The study was guided by some initial decisions inspired by 

the circumstances of the collaboration, It is assumed that an extracted 

proton beam will exist. The radiofrequency beam is designed specifically 

for bubble chamber experiments. The proposed techniques result from 

conservative extrapolations of present practice. The overall concept 

does not aim at reaching the highest possible energies, nor to provide 

maximum flexibility. The beam is intended as a first tool for bubble 

chamber experimentation with the Serpukhov accelerator, leaving ample 

room for future developments. 

In many respects, the study has the character of an extra­

polation, and suffers from the uncertainties always related to the ex­

ploration of a new domain. A number of reasonable assumptions were 

made, and safety factors were used correspondingly. Amongst these 

assumptions, there are 
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- the circulating proton intensity of the accelerator. As the 

beam is intended to work during the early stages of operation 

of the machine, the lower values of the existing estimates 
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were preferred; 

- the cross sections for particle production. Some semi­

empirical formulae, based on data from the accelerators 

now in operation, were extrapolated; 

- the momentum resolution needed for high energy bubble 

chamber experiments. The experience available today is 

limited, especially in the large hydrogen bubble chambers 

operating at the highest energies reache~ up to now. The 

value adopted is possibly low, but a possible future 

relaxation of this requirement is doubtful and should be 

considered as a reserve. 

It is hoped that the limitations of space and style that 

time imposes on the present report will not hamper its usefulness as a 

basis for future progress in the collaboration. 

Yves Goldschmidt-Clermont 
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f':LwIOFP.E'~U¥iJ:TC'(. _ _:p_ARTlCli.& . sp]?Jlf":£'LTJ~OJJ. 
'l'he separation of hic;h energy pa.rticles :Ls difficult: at present, 

the only possible ancl practical motllod is the radiofrequency separation, first 

proposed by }'anofsky in 1959. 1rhis ;1ethod, in the course of the following years, 

was developed +heoretically and teclm:'..cally ( e.c. 1 ~- 6), a.nd was successfully 

perforned experfo.en tally at CER:N ( 7, 8) • 

Shortly, the racliofrequency method is as follows: 

A continuous beam of particle;::; of momentum p passes successively through tvm 

regions of RF fields which exert a deflection force. The first field impresses 

onto tho beam a high :frequency structure whicj1 is analyzed in the second. The 

overall deflecting force on the particler: is dependent on thoir timo of fligh.t 

betweon the two fields anCi. thus on their rent E1ass, thereby enabling the separa­

tion Qf different kinds of particles. 

The deflection is produced by a linearly polarized travelling wave 

(A. "" 10. 0 cm) su:pported by waveguides similar to those used in linear electron 

accelerators. The RP power needed to deflect hig1. energy particles (p > 10 GeV/c) 

by an angle of about 1 mrad lies in tho region of 10-20 rIJ.W. With current RF gene~ 

rators, such Ligh powers can only be ac ueved for pulse durations of some µsec. 

As the beam pulse passing through the separator must obviously be shorter than 

the RF pulse duration, only fast ejected bearus of t:•o accelerator (having 2, pulse 

duration of 10 nsec to 2 µ,sec) can be used in conjiu1ction with HF separators. 

These bc;am bursts are still long compared to the period of the RF 

fields whose frequency lies around 3000 l'IHz. 

Figure 1 illustrates tho principle of operation of an HF separator 

with two deflecting structures. A momentum analysed bec:rn1 passes successively 

through two deflecting wavegu.ides. The distm1ce between the uavec.'.'Uides is large 

compared to their lenGth. For simpl:Lc:L ty we e::,;.:sune thnt thr" 1JemT1 has not:~ligible 

angular divergence. Tb.e rolat:Lve phase of the RI!' fields in the wa.vec:uides R,Li' 1, 

IIF 2 is kept consto.nt ~md C811 be adjusted to any vabJe. riichmy betweon the two 

waveguides, is a bec'.11 optical system which iuagos the centre of RF J. -c·i th unity 

magnification into the centrc0 of PtF 2. 

PS/5292/.ic 



crnm/TC/BE.L'iM 66-2 

- 5 -

Im.aC?,-ine a beam of kaons and pions of SEt:ue momentum p passing- PJ!' 1 

along tho axis. The 1)2,rt:Lclos recoive a deflection cp sin wt depending on the 

field wn)litude and Ol1 the entry phase wt (cp : maximum deflection in ono cavity, 

Behind RF 1 the bean has a L1n-shGJ)Gd forn with half opening angle cp 

and is modulated in angle as sin cut (cf., F:i_g. le. whore the "'.;raj ectories of parti­

cles with different uJt are roJ'lresented). If the cnv:i.ties aro short enough, tho 

transit time difference of tho tuo kinds of narticles is venJ s 1:.;rcll o.nd the de­

flection is practically independent of the ~)article rest l':lJ.:c:s. (This is in contr2-st 

to tl1e; elGctrostLtic SG?arator T1l1ere 1spatial se~?m~ation ~~s t~cl1iuvec1 b~l tl10 diffo-

renco in transit tirio of two kinds of particles in n 11 lonc;11 electrostntic field). 

The be:::cn opticc~l system tranoforms the deflections to -cp sin cut. 

We ndjust tho relnt:Lvo phasing of RF 2 with respect to RF 1 in such a 1my that 

tne entry phase 0 -.L" 'l l"i o·,-, (i.;1nT·.[";Tl'G'"'d c~ .LJ-~ ,Li ...... .1.1: '-"- '-~ - in fil.i' 2 c.s in RF 1. 

Then its second doflGction will c::::.ncel tho first one, prov:Lded tho fiold ampli-

tudes in fill' 1 and RF 2 arc ociua1. All pfons will then bo bnck to the 

axis, independently of their ontry phe.so wt. Fig. lb represents tho cc,se wt = 90°. 

A kc,on, passing RF 1 at tho same monent as a pion will arrive at RF 2 

with a time delay cor]'.'esponcUi1g to a phase difference bec2.use of its greater rest 

mass. Its fine.l deflection will be 

<p_ ( t) 
sin wt ~o sin (uJt+ T) Vi = - (p + 

T T 
[l] 

- 2cp sin 2 cos (wt +2 

The deflection of tho knon boar~, is thus modulated r1in 0/c, the: iaxinmm value 

being </lw = 2 cp sin ( T /2) 1 and d10 kaons energe from HF 2 again in a fan-shaped 

distribution. At sonc' distance behind RF 2 there is a centrall}r placed beam 

stopper whose thickness is chosen to intercept zll pions ( unwa.ntod particles). 

It also intercepts some of the kc_ons ( wo.nted particles) wh:Lch are swept o.cross :it. 

However, if the :peak deflection cp VT is big enouf;h, most of thom wil1 po.ss the 

beam sto;:iper :.c:.nd thereby spntial so1xi.ration is o.chieved. The most favournble case 

is obtained for T = 130°, thon the deflection cp is just dou1Jlod in RF' 2. (Cf., Fig. lb). 

PS/5292/jc 



CER..~/TC/BEAM 66-2 

- 6 -

The accuracy of this time of flight methoc. is Given essentially by 

the frequency of the RF fields, half a period corresponding to about 0.15 nsec. 

If the benm opening :!: o at the entry of RF 1 is not negligible, the 

maximum deflection of the wanted particles behind RF 2 is o +2cp whereas 

the divergence of the unwanted-particle-bemn is again :!: o • The thickness of 

the beam stopper has to be made corresponding at least to :!: o in order to stop 

all unwanted particles. 

A beam designed for microwave separation needs, in addition, the 

optical elements required to collect the particles emerging from the target, to 

perform the momentum analysis by nagnetic deflections, and to improve as much 

as possible the separation of the desired particles from the unwanted ones. 

If the RF cavities use linearly polarized waves, ths momentum analysis 

can be done in tho horizontal plane and mass analysis in the vertical plane: this 

eases considerably the tolerances on lens aberrations 8lld on isochronism in the 

plane of momentum c.nalysis. 
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To obtain production cross-sections for primary proton energies of 

the order of 70 GeV/c we use (ell oxtrapolcd;ion formula for pions ;3:Lven by Trilling (9). 

d 2 N 
A1p 

2 e:x::p f \ p 
A::,p,/P 92 J dpaif' = -J,_2JPO - 0 [1] 

2 2 
B1E_:_ expf -B2(E-) - B3p8 J 

Po Po 

N number of pions per int~racting proton 

p secondary momenttun in GeV/c 

p0 primary proton momentum in GeV/c 

~ l'.lroduction 0,11gle. 

In thiEJ forr;mla the hypothesis of constant transverse momentum and the decay of 

isobars nre included. 

Ranft (10) has f:Ltted by a least-sql:vJ.re method the coefficfonts A and 

B to the experi11ental cross-sections of Deldrnrs et al (ll) at p0 = 23,1 GeV/c 

and for Be as target material. The values are given in Table 1. 

TA13IdL1-~ 
' . 

A1 A2 A3 
. . 

B1 B2 B3 .. . . -- ·:·. ----~· ---·· .. 
+ . . '' 

1,67 3,76 4,23 '. 1,76 10,21 4,28 'It .. . . . . . . 
4,'23 

. . 
re- 1,50 3,76 .. 0,604 10,21 4,28 .. . . 

The cross-sections obtcd:n.ed from formula [l) are 0;iven in Fig. 2. They :are somewhat 

higher thon values obtained by the v.Dardel extrapolation formula (12). 

For the cross-sections of other particles we use the follmtlng ratios 

obtained aloo from extrapolations at lower 

= 0,05 
K+ 
~= 0 1 
n+ ' 

energies 

= 0,01 f2 J 

It does not seem worthwhile to look for more detailed expressions when these 

ratios are used in connection with formula [l]. 
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CERN/TC/BEAN 66-2 

- 8 -

2) Particle intensities ~!~~~ 

In co.lculz1:cinc; ix:,rciclc intcnci ticc-i wo keep in mind tho results 

obtained in tho CERN Ui-Beom which is very similar to the SU-berun. We also 

asswne tho srune kind of two-deflector-separator as the one used in the 02 

and U1 beams (5-6). 

The estiLk'ltes of tho number of circulating protons in the Sorpukhov 
11 12 

accelero:cor range frorc1 10 to 10 protons per burst. As the present study is 

intended for o. bee.Fl workine,· during the initio.l 01)ero..tion of tho accelerator, we 

base our cc~lculations on 1011 protons/burst, o.l though this number could become 

substantidly hic;her lo.tor on. 

We assirne c- fast ejection system enabling zero onglo l1roc~uction. 

As for bubble chamber experir:1ents in tho foros0en energy rcmge of 10-40 GoV / c 

(see below) n momentun bite smo.ller thc:.n 1 o/ o would be desiro.lJle, we mJsurae a 

target size of only 2 x 2 rlill2 cross-section nnd about one interaction length. 

Comparine this with the emi ttnce of the prir1.nry proton beom, it seems reasonable 

to assume that only about 10 o/o of the lJrotons will hit the target. Furthermore 

70 o/o of tho secondaries produced in the right momentum cmcl Mgle intervnl will 

be lost by roabsorption and Coulonb scattering. 

The acceptance of foe boru~1 (including lo~ses on collir:iators) is fixed 

to be 10-4 stero.d, the monentum bite to be + 0,25 o/o. Losses on the bec.m-stopper 

are assi:nod to be 85 o/ o for p ond 70 o/ o for c:.11 other l'.>Clrticles. Finally the 

distance between target c:md bu:Jble ch:craber is fixed at 500 m (see below). 

Under these assm1ptioi1s the v2,lues of Fig. 3 2.ncl F:Lg. 4 are obtained. 

3) Sepa~ion Energ~~ 

As is well known 0,, two-ddflector-s:oparntor ·cm1 sopnro.te two kinds of particles 

from a third one only for some uell def:Lnecl onergies, tho only cxceiJtion being 

separation of ox.ti-protons at "high" energies (2, 13). In fixing tho energies 

of separntion wo have to truce into account the into,1Si ties of wonted particles, 

tho distance between the two deflectors m1d their length. 
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a) if we accept the pnrticle intensitiGs Given in 3 nnd Fig. 4 nnd if we 

assw1.e th;1t at least 10 wanted ix:,,r·dcles should reach the bul)ble chrn12ber, it 

is obviously interesting to sepo,r.:::to t:~nd p up to 55 GeV/c z:md , n+ even 

abovo 60 GeV/c. 

b) The phaco difference between two ]X'.rticles of rest rn:::.ergy Wol, Wo2 over n d:Lstcmco 

L is given by (5) 

T 
12 

"A wavelength of de:':loctinc; f:L:ilcls 

p rr1omentum 

[3] 

We cr::11 .c!..9.§i,,.:nJ:i12lllorrtl-1llJlo that E1omcmtuJ::1 whore the phnse d:Lfforence between a 

kaon 2nd c, pion is ex2ctly n. From formulct [ 3] -0nc; cm1 c::clculD.te L for a given 

design momenttm. 

L = ' [ 4] 

In the CEfil\T-se:;x1ro:cor A, = 10, 5 en, fron [4 J ono gets L - 50 n for a desig11 

monentum of 10 GeV/c. 

In Table 2 we no to the v2lues of I~ for vcrious clesis?J:1 nomontcc Lend for !c = 10 1 5 cm. 

One realises th2,t thn c1istr,ncos involvod bocone ])rohibi tive. One could 

con.sic.or reducil1g these cliEJtrmcos rJy cJ1oosing a SDDJler value of ii, e.g. !c = 3 cm. 

UnfortunP,tely chis :Ls not advisnblG frou tho :;_Joint of vimr of acceptance and 

also becrmse there seom to bo no microwave tu1Jos ,".Vtcilable giving high energy. 
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Disti:TLCO 1 between dofloctors, m 
0---~-.-..--""'""'""'-·--"''"-~~'*r.~.-,,_"'""'-'....,.__.ti'*"_,.,.. ___ ...._,_.,........._,,..._.,,..~---.- ____ ....,......,,.,,. __ _,__,..,.~- -<>""" .... -.... ,-~.-~~-,.,,...>"#<~· ---.-.~ 
Cl " " " " " "' ... 

0 " " Q " ! p0 , GcN / c ! 10 20 ! 23 ! 25 30 : 40 ° 

o C <> O • o II o""--* ,.-.,_-. .. - .-..-~~--·"=~...__-----....._,...-.,.-. " ........ _,._ _.,._,,,. .....,,, .......... --- --"""~..._ .... _....-.. . .. ,, . .,,_-_..,. __ 6....._.._ ___ """.,."""'"'""°"''""'•"""----..-"'__....,. u 

0 ~ ~ O ~ II ~ 

~ " . " 
0 " • " 0 

1 L, n 50 200 : 265 1 310 : 450 l 800 : 
' 

·~,..._. _ _,__,____~--~-... ......____,._.,..,.. __ .,._.,~~---___..,?.~. --~..-.. ,., .. ~..._,.~_,,., ___ . .,__..__-... ·=--""--·"•"''"""'_..,,,._':',,,.,~-·.-_ ......................... " 

IVIo.ximum separ;::tion enor(Sios, GoV/c 

r~ Po,~ Gov lcT---10 T---;;~~~--~-r-;~~~--T-~;~,~-1 
" " " " 0 " " 0 
~<-=~__,,,_-,...,,.,,.,:_"""' ___ ,,.._,_..,g.,,_ . .,,..__,,4,_-..-_,,,..,,""""=-"'"-"'~· -· __ ,,. _____ ~----~-~-""""'·"""·'"""_,.._""'""·-""·''""i'°'c.-·..,:-""''·-""•-",,.._,_...,.,... . .....,.~._.,.,.~~ 

1- : ~ ~ : ~ 
K- a.; 14,3 28,6 : 33 35,G 42,9 57,2 : 

' 

p 7,3 14,6 16,8 18,2 21,9 29,2 

b. l > 20 >40 > 46 >50 > 60 (>80) 

17,4 20 21,7 26,1 34,8 + ' 817 n a. ~ 

n. : '"'-' 12 "-' 24 "-' 27' 6 "'30 "-' 36 "-'48 

: b. i "-' 20 "-'40 "46 .._,50 ' "-' 60 ("'-80) 
II'--.-.,-..,....~~._.,._._~ ..... _ _.,,__,,_~--""-,__-_, .. ,...,o ... ,..__..,..~=...,_,_.,_. ~--~-... _, ... ,_-,_,..,,_.,.~_,. ._ __ ..,_ ,.c _ -•~-"""- '"'"""""'-'~•· -.-..... ,~-•~-.- . ..,_, _....,_-'--_"'- _ __,,,..___.-~..._,_.._,,-.__ --- _..__.,..__. ~o 

a. Double particle rejection b. particlo rejection 
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.As for various reasons the bernn-length should not exceed vcrr.J much 500 m and 

t:·ere should be enough snace for hm raomontum ccnalyses, we 2.re limited to aciott 

300 m in the distonce L. 

c) The maxinrum deflect:i.on angle in one cavHy shonld be of the order of 1 rnrnd to 

ensure good 1uri ty of the sopare/ced be2.::-:1, 

wP,ere E 

<p 
max 

g}jJ;. 
pc 

neon deflectinc_; field 

1 length of deflector. 

[ 5] 

Extrapolation of the experimental results from the CEPJJ RF-sepa­

ra tor (whose deflector length is 3m) shows that with a deflector of 6 m length 

fed by two r.f. power sources of lB i'N peak each, one CZ'..l'.l achieve about 32 HeV/c 

tr2.nsv0rso uonentum. This gives ''- defloct:i.on c·.nglc of O.B rnrad nt 40 GeV/c. 

1rl1.0 dc:iflect:Lng cavity cn.n be divided into tuo 3m. lengths ee.ch f0d by one 

Higher deflection n.nr;lcs could bo <:whieved by using :field strengths E. 
UnfortunCcte1y tho value of E cc~~1not made tho.n the 

ones correspond:Lnc; ·co lD Mil. Therefore d10 onJ.y uc.y to increo.se cp nax is to 

increase the deflector length. 

In Table 3 we have notecl ·l;hu maxi1111..1.L1 seriaro.tion 0nergies for vca0 ious 

design momenta and various kinds of particles. One can alwnys molw these energ;ies 

smaller by decreasing 1. From Table 3 anc1 the previous o.rgu:mnts, we conclude thnt 

a design momontu.m of eibout 23 GoV/c seet1s to be n G,OOd compr01;1i.se. 'To then lose 
rr± / -J-tho possib:Llity of separating"~ above 33 GeV/c and re above 46 GeV/c. Separdfon 

of K± up to ""60 GeV/ c would not only involve too 011 inter-co.vity distance 

but also longer deflection, e.g. 

Separation of K+ at 57 GeV/c gJ.vos L = 800 m 

&'1d a deflector lencth of abou·c 10 m. Suell a deflector not only needs three 20 MW-

klystrons but o.lso qni te ticht tolerc.nces in thu va.lEG of phccse voloci ty in the 

strl.1.0 tures. 
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Tho finite mo1'1ontum bite of the bet:t11 introduces '" phase spread in the 

particles between tho cc.v:Ltioo. It is given by 

1 
fir= 2n -

A. 
.L 
y2 

[6] 

2 1 
y - --2 nnd introduces a brolidoning of tho unwanted particle image on tho bean-- 1-~ 

stopper. It is greatest in tho cccso of 20 GeV r/ separation: the no.xir:IUrl phase 

error of tho protono is !iT = 12°. Tho correspondL1g broo.deninG of the boon-stopper 

is about 21 o/o giving 10 o/o ndditiono.l losses of wanted particles. 

In a 6m- structure the phase slip between wnve ond particles nust be 

considered. It reduces tho deflection of particles. This of course is undesirable 

for the wanted po.rtclos. For p at 17 GoV the ph.."..se slip is 18° giving a reduction 

in deflection nngle of 3 o/o. But if one used tho· so.no separator at 10 GeV j_j the 

reduction in anplitudo would be 15 o/o. It can however be avoided by reducing the 

phase velocity: anyway enough deflection c~ngle is Lwu.ilablc c.t lower energies. 

In the separntor ,':'., pho.so constcncy between. the two structuros of better 

thml =:: 2 o/o should be nchieved (14). Brnrilion (15) shows that tho syston at present 

used in tho CERN-Sopnrntor could cope with c.-:n inter co.vi ty distonco u:;_:i to 500 n. 
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BEAM DESIGN 

As can be seen fron the n.bove, to obtain a well sepnrnted benm. we noed 

o. certain bean configur.:i..tion. Tho necossnzy· charnctoristics of the beo.m can be 

provided with the help of tho follouirig elGr.,onts: 

n) collir:J.ntors 

b) quadrupole lenses 

c) bonding magnets. 

As with the Scrpukhov nccelercttor, we onter n now energy rnnge, it o.ppo.'.1rs necessary 

to re-exru:iine tho doteroinntion of the :1)0.ranoters for each of these elenonts: 

11) £~~!~ : they play tho role of dinphrngms bordering tho becxt in t~ose plnces 

where it is necessary. As dinphrc.gns, they nust prevent w1:wcmted po..rticles to 

enter the bubble chcnber, i.e., particles with wrong nomento., with divergences 

different fron those required etc. 

In this sense, the energy lost by trr..versing the i;r.:-~lls of the collina­

tors must be relntod to the expected r:i.or.1entun resolution. Of course, one nust 

tdrn into nccount n safety f:.i.ctor ns it is inpossj_ble to foresee c.11 tho cQses 

to be encountered in practice. However, if one assur:ies this reserve of snfoty 

not to exceed /J.p/p ""'2 o/o, then it cci)poars tho.t a reasonr:.ble choice for the 

colliv.dor length is a)proxirk;.tely 1 r:1 of Cu. Incidentdly, tho rdio of this· 

colliLJ.G.tors long-th to the length of tho CERN sto.ndc.rd collinntors is approxitmtely 

equal to the rc.tio of energies of the Serpukhov and tho CERN nccelero.tors. 

b)-c) Qua~rL1pole ~~-~d bending ma~~ : These oleNents nro nore or less similar 

in chnractoristics to the corresponding CERN stc..ndard elenents. Of course, the 

detdls of the technicnl execution of those elononts will present soDe differen­

ces in chnracteristics, but one c;~n hr:.rdly expect that these differences will 

be very significc.n t. Therefore, for sinplici ty, we ho.ve considered the. t the 

effective length of oc.ch elenent (10nses end magnets) is eCJW'-1 to tho iron 

length plus the aperture width. Such an npproxinntion will need in the future 

certain corrections, but differences of 5-10 o/o fror:i. the precise charncteris-

tics cannot, essentio.lly, ch:',nge the overnll picture. Prelim.i11Lery ch2-rc.cteris-

tics of tho quadrupole lenses and bending magnets which hrwe been used for tho 

conputations are given in Table 4. 

As nn exru;1ple of a possible solution, one can consider a nagnetic chnnnel 

whoso optico..l schene nnd l:::i.y-out are given in Fig. 5, ond whose find characteris­

tics are shown in Table 5. 
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. TABLE 4. 

. . 
------~· - ~·-~'-"""-""""-·""'-·"'"'"-"'"-... -.-·-----·--'-- . . _,_....,_._=_,--.-,,......,. 

1 

2 

3 

4 

5 

7 K 135 

10 K 100 

10 K 200 

20 K 100 

20 K 200 

70 

100 

10.0 

200 

200 

. . . . 
1350; 1430 l 355 x 290 1 3000 

lOoo: 1300 

2000: 2230 

1000: n10 

2000; 2350 

566 x 850 

566 x 850 . 
920 " 1225~ "' 

920 x 1225! 

2000 

2000 

1300 

1300 

190 

60 

100 

260 

450 

. 

. 

. 
·: 

ti~~----. • ..,~-~ .. -,..__~,,,...---....-':..-.. .. ..,.,.-~--~-,.._.----.._·----=--~--.....-"""-~""""""""-""'-""'·"__... ___ __.':.,._.,.._ .. ~"'__..,-,-~·~· ~~...-,.._.,,..,,'"""-'~· -"--"'o 

M 

1 

2 

3 

h 
s 

d di~-i:11.:,ter of r::.1u;drupolo c.porturo 
Z 1onc;th of i;ole piece 

X ouc sido uic1 th 
Y outside height 

Typo 1,., v 

ur;~2 
s 

SP - 129 

SP - 12Al 200 x 

SP - 11u. 200 x: 

r_12.gn.c t gC'.p 
u:Ldth of ~1010 pie co 

"""-'-~-.---.....-="'-

z L 
rn1 LlLl 

4000 4750 1360 x 

3000 4400 2200 :x 

6000 7500 2600 x 

Z kngth of polo !Jioce 
1 out~:iido length 

926 

1152 

1480 

·r, 
D 

g::::.uss 

18,000 

18,000 

18,000 

X outside wid t:1 

Y outside height 
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FH IJ:orizontal focusing 
DH Vortical focusing 
DL Drift lcnsth bctHoc;n tho centers of tho olomcnts 
Q Quadrupole lons 
n· Bonding magnet 
A A11~-.1~turc; (cm.) 
S Effoctivo length (cm) 
FP Focal point 

Bonding anglo (dogroos) 

Designed momentum p == 23 GoV/c. 
0 

1 2 3 

1 ~1 

2 L 10 

?~ Ql ./ 
pn 760.3 

4 L 2.5 DL 

5 Q2 648.8 Dii 

6 L 2.5 DL 

7 Q3 648 .?3 DH 

8 L 2.5 DL 

9 Q4 760.3 FH 

10 L 5.25 DL 

1 JVIl 5.831 :BJVI 

2 L 8 DI, 

3 H2 5.831 BI·I 

4 L 11 DL 

5 1 2 DL 

6 Q5 839.5 PT-T 

7 1 13 DL 

8 K3 5.831 BlVI 

9 L 0 u DL 

20 rI4 5.831 ·1);' T 
.LJ.d 

PS/5292/dmh 

A = 20, S -- 210 

A = 20, S = 210 

A=20x50, S= 620 

A=20x50 i C) == 620 

li.or!lnrk:s 

6 

2 x 2 x 150 rnm3 

1.p=2.7 

- ') '7 cp - L. • ( 

Horizontnl FF 

A = 10, S = 110 Field lens 

A=20x50, S = 620 cp = 2.7 

A=20x50, 8 == 620 Cf>= 2.7 

/contd. 

I 
I 
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1J;.{l.BLE 5 (contd. ) 

• """f'-""··~·"····-·""3" -·-~ ~-*'-"'"'""'o .. ,.. .. ~,.,... . .._,_~-=.c,..._. _ _,.,,~·- .~ -·«-·--·•'"--,. ..,_ --"'-"•'+--~ .. --""' ·"'--'•"'<•• ~ ..... 

" 2 5 6 J_ 

~,. "'"'-""-''" ....... ,. ~ -· ~ .. V- •• --,,-,,•,---,. """ ,,.,_ ~'' .>. --'L,,'.-... ~--,-~ .. = "·'-" •"'-.'-N----~ -~·· -"=-"'·'·-"• _,,, .... __ ,.,.___,..,_., 

21 L 5.?5 DL 

:2 Q7 9.1 .l''H A = 20, s -- 210 

3 L 2.5 DL 

4 QB 725.4 DH A -- 20, s 210 I 
5 1 23 DL nnd vorticall 
r I, 23 DL 

FP 1 s I 
0 I 

I 
I 

r; Q9 409.6 1-;-p·.,- .A 20, C.t 210 I l: 11 = v 

8 L 5 DL 

9 (ilO 335.6 Di-I .A = 20, c• 210 >-) 

30 1 209 DL 

1 Qll 335.6 DH A = 2U, ,, 
i..) = 210 

2 L 5 D:G 

3 Ql2 409.6 FH l:~ = 20, s = 210 

4 L 23 DI, tal and vorticali 
Fl'' I 

5 IJ 12 DL ! 
i 

I ! 
6 Ql.3 620.4 Dil A = 20, s 210 i 
7 L 2 DL l 

I 
' 

8 Ql4 620.4 DH i 20y llO I 
1 .. :i -- -- ! 

0 I, 2 DL _I 

I i 
40 Ql5 565.3 :?Y:J A -- 20' 

(~ = 210 I >-) 

I 
1 I, 2 DL I 

2 Ql6 565.3 li'H I~ = 20, s = 110 I .. n. I 
I 

3 t 16 DL IVc:rtical FF 
I 

4 1 0 DL !Horizontal 11p 
L 

I 
I 

5 1 8 DL 

6 Ql7 657.4 DH .A = 20' s - 210 

7 1 2 DJ_, 

8 Ql8 657.4 DH Ji. = 20, C' 
0 = 110 

0 1 2 DL _I 

I 
50 Ql9 566.2 FFI A = 20, s = 210 

1 1 2 DL 

2 Q20 566.2 l'.lI 1\. = 20, 3 = 110 

3 1 4.75 DIJ 

4 M5 5.031 BM A=20x50, s- 620 I cp = 2.7 
I 

/contd. 
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6 5.C31 

71 
I 

: I ~ 
2 

20 

60 1 Q21 756.8 

1 I I1 

2 i Q22 

31 L I 
629~9 

20 

41 BC I -
L-~-- L--~-· - ____ J __________ ~-·- .... "' .. ---
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Tl-U3LE J (con-CU.) 

4 

BM 

DL 

FH 

DJ_, 

FH 

DL 

I 

5 6 

A=20x50, S = 620 cp == 2. 7 

Eorizo:;:it3.l li'P 

A == 20, S :::: 210 

A = 20, S = 210 

Horizontal PP 

Bubblo ch::mbor 

. __ ,._.,,L ---~-,., .. _ ... _,,,_.----~---,.-.,,- -=-~~--~-- ___ t~. ~ ___ ·'---- .. --~----,. .. _.......___ .. ~ ___ ..,. ---~---"' """"·----..__ ...... ~---.E-,~~--..J 
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T110 :point for obt~ining thGso results wr.rn o.s follows: 

1) The opticnl schene of tho cn2rmo1 n1..rnt be ci,s sinple ns possiblG, i.e. t 

consiat of tho lenst ble nunbor of This gt ves us r:2 cartC'..in. 

hope t\1:~t thl; 'ch::nnc~l c._:n bo turnd r2tJ1or :.:nd quickly. 

2) To 0, cortcd.n oxtont ono huJ used oi;-cic2l confic,urc,tions i1hich wero r.clroc:-dy 

considorod ·~~n.d ,:::,t c:crrn. Ono c211not secy, of courso, thc:t the 

CEHN cl12Xlnols CTO C:bsolutely i;orfoct' but choy proved to be tunccblo I .".110. 

vmll 

Tho opt5.cnl ociuipmont of the c·:, nnol con,sj_E:1ts of the following 

olGrle11ts 

6 
2 

,, 20 x 50 en npertu:ro; 

16 2 c.1 qu.c:,drurolo lc:mscu with n 20 en nnd ·1c~xLTJ. gr·cdiont of 

1)00 g / CTl: 

4 1 Tl qun.d:rupolG lonscs i:rJ.th 20 en of 

1300 

1 1 lc:}IlS '{Ti il 10 Cll of 2000 

9 1 :.1 collinc•,tors: 

1 00.'.:'J'.l 

Quc~c1:rupo1o lenses with such gre,dionts yi:rovido focusing of pnrt:Lclos 

with e, no~1cn-tu"'j of up to 40 GeV / c, tho vo tho possibihty to tr.:',nsport 

along U1c drxmol particles with c, nonencun of up to 70 GeV/c. This last fic;uro 

is iL1portr:·,:nt to lJorr.li t tl1c: tr2nsport to t110 scI1e bt1bblo c}1:,r!.bor~ of pr·.rticlos 

costly nodificr'.tions connected with tho con:3truction and tunir1::; of ;--, new be211, 

by req_u5.rinc the sin}Jlor ta_sk of c, chc,ngo in che lc.y~out ~·:md grc',clients of 

lenses. On the other h[:nd, such cc solution giwm us the bili ty to o btc':Ln 

particles u:i.th other energies, ):roduced 

pl::.ced in the vicinity, 

but in tho s::n10 direction. 

Tho c:J_culc.t:i..on of tho ch:-::.rncter:L:c:tics, whose opt:Lc·c.l scheno is ,cihown in 

hns boon worked out with the help of tho st: ndcxo TRill1P progrcxE10 ( 16). l~xporionce 

gldned at C:Ci{[J shows thcct the exporL~cmtccl ch.1rnctoristics of the crLcnnels, which hc7o 

been c,-,1cul2 ted with the TPuUlI' progr.:,:11·10J, cUffor f:rrn::.1 the cclcule,tec1 onos by no nore 

thc~n 1 o/o. 
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Lot us consider in moro detail tho above optical scheme. It 

consists of tho following s : 

a) tho targot; 

b) tho first objective, which provides acceptance of particles coming 

no lid angle as 1arc0 c:1s possible; 

c) tho fi.rst momontu;n ar12lyzor, providing a momentum resolution which 

is noce3S[cry for bubble chonboT physics; 

d) tho second objoctivo, wllich focuses the bonm in tho contro of tho 

first RF cavity, thv.s providj_ng a necossu.ry linear nu.grific3.tion 

in tho vertical plane~ 

o) tho optics bocuocm RFl m1cl RE'2, whicb must be described by a m:ltrj_x 

in tho vertical ])lano, equal to 

0 __ I -·l -

thus providing beam transport in tho spr,co botwoon tho HJ:i' cavitios. 

A.t tho sarno tirno this objoctivo provides a condition for cancelling 

tho clofloction of unwanted parJciclos in tho c:ioconc1 RF cD.vity. Tho 

condi t:Lon m') 1 = 0 givos a cancollation of possible ctborrations in 
L. ~-

ths RF c1ofloction structures; 

f) tho n8xt objective, which focuses particilos in such a way that it 

givos a minimal twistL1g o:i:' tho phnso-spaco ollipsos in the vertical 

plano. This allows an incroaso of the efficioncy of tho collimators 

behind this objoctivo. Lt tho srn10 time it holps to remove from tho 

beam r~low po.rticles, muon background. etc.; 

g) tho second momonti..~rn cmo.lyzcr, which pormi ts to clean tho bocnn from 

umn:~ntod particlos [1.nd nuo1'1 l>ncl:.·~round; 

h) tho last ob,juctivo, i;rhicb h·cmsports particles to tho bubblo chambor 

focusing thor::i in tho horizc;1t2.l p1ano in tho centro of tho cht'.nbc)r 

and tho boam lx:rallol to tho vorticnl plane. Exporionco shmrn 

thect such ct focusing i::J most useful for tho subsoquont analym.s of 

Tho ch:..:rc.ctoristics of tho above-mentioned. elomonts arc 

conditionnod by tho following circumstancus : 

PS/5292/dmh 
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t is concornedt tho length of tho targot as 

montionod 2,'oove, should bo 0,oproxiiimtuly oqun:i. to ono nuclec:.1' length, 

corresponding to tho material used. The target cross-section depen~s 

on tho desired momentur,1 resolution, on the wanted acceptance 'end on 

possib of prod.·1..1c:L11g -Cl1CJ J?TilllC,ry lJroton. bean1 rgith the 118CGSsar~{ 

characteristics. A target cross-section of 2 x 2 is a suitable 

choice to neet all the;3e roc;_uirement:::;; 

b) When calculcd;ing tho first objoctivo, one can use sorne C.GR!:J exam}Jlos 

and adapt them to the nomenta ( 0 ,,, 
.. f.:.·. 

However, such a scaling shows a loss of acceptance of about a factor 

of 4-5. j'.\.notl:e1~ s:;lution wa:::i f0t1~~,c:~ for Utis objective, which rc:duced 

this loss to a factor of 1.6, and l·(hicl1 gave -4 
a solid angle of "'"'10 

sterad. This objective consists of four 2rn le lenses Ql-Q4, 

with an aperture of 20 ~rn, which 2rc connected, relative to tho 

focusL1g i11 the horizontal , in the following way : 

FODODOF in the horizontal plane, D - defocusing in 

tho horizontal plane, 0 - drift length). 

iioro than 100 conf:Lg11rab,on_s wore expJcr0c1, and tho solution proposed 

is tl1e ·oest fou~L1cl so far. JYor i1'lstan.cc, some; woulcl 

give a acceptance, but not linear magnification for tho 

subsequent mo;;iG.m TuD, analysis, Conversely, other confit_-c;uration8 would 

ve a ::Jriallcff acceptance but a good mac;nification. Table 6 shows 

a selected sample of tho solutions found but not 2ccopted. 

c) Tho first; momentum analyzer, cons hi ting of 4 

fiold lons Q5 focusing horizontally, provid~ 

1) tho :maxiuum momcntun r'c;solution of :!:' 0.13°/o; 

2) that the most remote part of the channel is dispersion froo. 

d) Tho second objective, consisting of 2 qua,druJolos Q7-Q8, is built 

accorcling to the schm;;e FOD (which i:ras choscm conside:rinG tho 

irJ sec11 frora . 5. 

~:ho d:i;:Jtanco bot·vJeor1 tl1os0 lcnsoo ~vas cl'1osen according to tl10 

condition m21 = O. 

e) When calcu:Lating tho o•Jtic:J lJotween HPl arid RI12 ( Q9-Ql2), it is 

nocecsary to havo L1 nind that this objsict:Lve allmrs transport of 

particles botwoon c::nd r?.F2; of this objective must 

be to permit the passace of particles with an inclination 

PS/5292/dmh 



l 

2 

I 
I 3 I 
! 
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I 4 

I 
5 I 

I 
L._. 

F 

0 

.A 

horizonto.l focusing 

horizontal defocusirg 

b2:ndir1~~ magnet 

drift 1c:mgth 

UT• .t:' 

rn.eters) 
to ce:;.1tr.:.: 

Designed :;-,101::entum p0 = 23 GcV/c 

II 

v 
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lengtlJ. fron the end of ccnL_;11.ro.tion 
up to horisonte,l imc:cg:o point 

horizontal sngnification 

vorticnl mn~nification 
' -4 ) accoptc.nco \ 10 ster:::d. 
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. 31CDO~~ODCi::Oil , :: , '-J ___ v__, _ ~c.. ~ 

7C.JGDC'Cl~2:-l 10 12 911/1 875/2 875/l 911/2 

-- H -~-r- ----v~-~1--·-··; -~! 

. ;.-25. l ~--~6· 1-· :.~ . 
4 .03 I 

10 

16 

12 E374/2 

12 826/1 

75? /,-., 
-I c. 

777/2 

874/2 

777/l 

12 600/1 6CC/l 1073/2 

0.97 

752/2 4.62 

826/2 0.75 

940/2 3.12 

. otc. I I 
-~~--- .L .. _ -~··-- _ --.1.---.- •. - .. ··-·· -·-l ···- -·-- . -· ·------·----·- ~-----
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• .J....) 

2.63 
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approximately twice as bic; as tl10 one that results from the 

acco11tance angle in the vertical plane (taking into account the 

additional deflection produced by the RF field in the RFl cavity); 

the charactoristics of this o1Jjective at the same time must allow us 

to make m21 = 0. All tl10so requirements led. us to the choice of the 

FODODOJ!' scheme and to the comrmtation of the gradients and drift 

lengths are given in Table 5. 

f) The requirements of the objective Q.13-Ql6 were given above, and 

its calculation is not difficult. This objective is built according 

to the scheme DODOFOF. The choice 0f such a config·uration resulted 

from the fact that tho divergence of wanted particles is about 3 times 

more than was cor.sidered in tho calculations of the acceptance angle. 

On the other hand, this objoctive must prepare t:he conditions for a 

good momentum resolution in tho second momentum analyzer. 

g) It was found, in the course of tho calculation, that the necessary 

momentum resolutions which allow to clean properly tho beam from muon 

contamination, can be obtained. by means of an objective consisting of 

4 lenses Ql7-Q20 arranged according to the scheme DODOFOF, as well 

as by 2 magnets M5-H6 1 whoso characteristics can be seen also in 

Table 5. For making this choice, the computations made for Ql-Q4 

could again be used, as tho :rnquiremonts aro similar. 

h) The last objective, Q21-Q22, uust provide a beam large enough for 

the bubble chamber. 'I'ho choice of its characteristics depends on local 

conditions, and in po.rticular on the parameters of the bubble chamber 

magnetic field, the distance available botweon tho objective and tho 

bubble cho.m-ber and so on. Therefore one can consider the characteristics 

of this objective as rather conventional. 

To decrease tho influence of non-linoarity of quadrupole fields 

tho whole calc-J.la tion was made under tho assumption that only 80 °,,6 of the 

lens aperture was usod. 

Collimators a~d boam stopper are placed in the principal points 

of the channel, as shown on Fig. 5. 

PS/5292/dmh 
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Cl collimator determining tho accoptanco in the horizontal plane placed 

at thu focul point of tho f:Lrst quadruplut; 

C2 colliDc.tor dotorrnining~ tl10 accoptaJ~co in. tho 'lertical pla110 plc':.ced at 

tho vertical focus in front of the first quadruplet; 

C3 r:iomenturn slj_ t, plac0C_ at tho first horizontal imago of the tart;ot; 

C4 angle defining slit, placE;d at ;-,ny convd1iont point before H3-Iv14; 

C5 vertical collimator placed before tho beam stopper and used for 

reducing tho muon bQcJ=ground; tho setting of C5 and BS, rolati.vely 

to tho bear,1, is shown in Fi;;. 6.; 

C6 vertical collimator, redefining tho dimensions, after the 

socond RF cavity, and placed bohind tho Ql3-Ql6 objuctivo; 

C7 horizontal collimator, tho target cUmcnsion, x after tho 

sucond RF cavity ~me[ bohind tho same obj~ctivo; 

CG momentum slit of tho socond morwntum (rm:c1;;11otic collimator); 

dimonsions in tho vertical 

pl~rno ( 

Tho rolo of these colliL1ators is vory important as far as the 

clo2:0.ing ~ 

OI tl1c beam from ::1v.on "bt:wkground :Ls concerned. ;is after 

in front of tho bubble chanlicr, uo .~1.avc no ~cddi tional momentum analyzers, 

thu olimhw.tion of unwanted particles from the boe.E proves to bo more 

offoct:Lvo if it is porforrnod :Ln r: nmgnetizocl :Lron of up to 15-16 kgauss. 

BS t . 1 

l.1.C OC;OJt1 placed just bohind C5, in the front focusing 

point of tho objochvo C~l3-Ql6. 

The choice of tho length of tlie beam sto1)per requires a more 

dotc;,ilod lrnowledge of c.11 char[~cter:Lstics of the optical elements of tho 

chc.nnol. 'l'hus tho length of "-'l or L 5 m sooms to br.c rathor roo.sonablo. 

'.['ho ray tr0,jectorios nre shown in Pig. 5, where one can also 

see tho collimators and the borni1 u copper positions. 

PS/5292/dmh 
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A convcmiont scheno of channol power supply J.s shown in Fig. 7. 

Such 0ptic:1l end :;;iowor scho :es allow the uso of tl10 usu1cl mothocb 

of beam Particul:..-i,r 2ttontioE is dro:wn to current limits, 

fiolds and gradients. Experience guin.od 

at CEHH shows thcit, with the oxis situat:Lon tliorc, for a beam length of 

- 150-160 , it is necessary to maintain currents in maGnots and lenses 

with a stability not worno ·l:l1cm 0.02 - 0.03°;6. Calculc,tions of tho SU-bocm 

show that this v.:-clue should bo docreasecl to 0.010 - 0.015°/o (for megnots it 

hCLs to be loss or cot.w.l to O. 01°/o). For n componsc:cion of a benn drift in 

tho spc .. co 11otwoon R:B'l nnd Rli'2 duo to this instability ( - 25-30 mm in 

the horizontc,l plano) ono noocls some spocial food-1.Hwk sys tom for tho M3-N4 

(small magnets or coils), which can bo pl::1c0d anyi;vhoro 1'.t 

the boginning of tho '~~ pz.1co b2twcon HPl and Rl"2. 

Tho alignrrront of the opt~i.c;JJ_ elor;;cmts sbot.1ld bo porformod with 

1:n1 o_ccuracy not worse than 0. J. rrn:1. 

for such 2 boon of about 500 m is 

no siaplo oconomical and It requires a compilation 

of all locrcl conditions and resources. An :.Yttractivo proposal 1,12y bo to use 

an op0n c1rea for tho c~.10.rmol - oi_ c:m z.tirport-runway-t:)Tl)O - with a building 

c:t the end of tho runway to c1cco1m1odate th(; bubble cho,mbc;r, and 11 prefoJ1 11 

barrncbJ to accor'11:10dGte equipment which is sonsj_ tive to clir:.mtic 

ObvioP~sly·, tb.o bon1n la~'Olit presented horo is 11ot idoal, .~111d J1ecds 

inc1~oasL1g che first ob;joctivo :rnlid anglo, D.nd to so0k for more effective 

opticnl combinntions fron tho point of view of their simplicity and of a 

minimnl lovol of tlw different aborrations. Of course, all phase spaces 

o_t tho principal points of the:· c11~:.nnol (collimntors, beam stopper, ate.) 

nust bo chocked for ri botJcor dcterminGtion of the chc.rncteristicD of the 

beam elements, c1..1rronts, toJ.oraiicof:J 2nd other conditions. Howovor, this 

scheme c~111 be consic"orod c;,s c,n initial step whtch can give a solution of 

the; prob lor:1 witli LcD accurcicy of "-'5-10 °;6. 

F.r•/529~/' ' 0 c:. mnn 
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Principlos of o~orni~on of tho rndiofr~quency sopnrutor. 

lb. Pnnso rulntions of two 
with respect to tho trnvellin[ wavo. 

" 2. Cross-sections for + d 0 t. --) J o0 ' 11: cm 11 proo.uc ion on ;_Jo n c oy 
5C nnd 70 Cc;V/c protohs. A c-:.1rvo for 23.1 GoV/c protons 
is for cornpo.risor1. 

Fig. 3 Qlld 

Fig. 4 
Frirn_gry proto:a onerG'Y ~ 5C. 2nd GcV/c. 

c,ro c~1lculntocl under thu nstTu.01ptions spocifiod 
in t110 -tc:xt 0 

Fig. 5. 1.~1yo1rt .c::,r1d p:1rticlc~ tro.joctorios. 

Fig. 6. Colliuntor C5 nnd bonm stoppor setting relative to the 
boau. 

Pouor . . ' 
ClrCUlT. 

Guot1ctricn,l lnyout, 

0 0 

0 
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