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INTRODUCTION

As a contribution to the Serpukhov - CERN collaboration, this
report presents a breliminary study of a radiofrequency separated beanm
for bubble chamber experiments. If is the‘result of three months of
common work, for which essential oontributioﬁs of P,Bramham, B.Montague

and D.Plane are gratefully acknowledged.

© Although the techniqueof microwave particle sepafation is
still relatively new, eXperienée was gained at CERN during the design,
tuning and operation of two beams, the Oy and U;. It was tried to apply
this knowledge and experience to the quite different conditions of the

Serpukhov accelerator.

The study was guidéd by some initial decisions inspired by
the circumstances of the collaboration, It is assumed thét 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 beém is intended as a first toocl for bubble
chamber experimentation with the Serpukhov accelerator, leaving ample

roomn 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

-~ 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

PS/5292/mk



CERN/TC/BEAM 66-2

were preferred;

the cross sections for particle production., Some semi-—

"empirical formulae, based on data from the accelerators

now in operation, were extrapolated;

the momenfum resolution needed for high energy bubble
chamber experiments. .The experience available today is
limited, especially in the large hydrogen bubble chambers
operating at the higheét energies reached 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.

PS/5292/mk
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RADIOFREOUENCY PARTICLE SEPARATION

The separation of high enerzy particles is difficult: at present,
the only possible and practical method is the radiofrequency separation, first
proposed by Panofsky in 1959, This method, in the covrse of the following years,
was developed theoretically and  technically (e,c. 1 - 6), and was successfully

perforned experimentally at CERW (7, 8).

Shortly, the radiofrequency method is as follows:
A continuous beam of particles of momentum p passes successively through two
regions of RF fields which exert a deflection force, The first field impresses
onto the beam & high frequency structure which is analyzed in the second, The
overall deflecting force on the particles is dependent on thelr time of flight
between the two fields and thus on their rest mass, thereby enabling the separa—

tion of different kinds of particles,

The deflection is produced by a linearly polarized travelling wave
(A ~10.0 cm) supported by weveguides similar to those used in linear electron
accelerators, The RT power needed to deflect high emergy particles (p » 10 GoV/c)
by an angle of about 1 mrad lies in the region of 10-20 MV, With current RF gene-
rators, such high powers can only be aciieved for pulse durationsbof some  Jsec,
As the beam pulse passing through the separator must obviously be shorter than
the RF pulse duration, only fast ejected beams of the accelerator (having a pulse

duration of 10 nsec to 2 psec) can be used in conjunction with RI' separators.

These beam bursts are still long compared to the period of the RF

fields whose frequency lies around 3000 Iz,

Figure 1 illustrates the principle of operation of an RI' separator
with two deflecting structures, A momentum analysed beam passes successively
through two deflecting waveguides, The distence between the waveguides is lérge
compared to their length, For simplicity we assume that the beam has negligiblé
angular divergence, The relative phase of the RF fields in the waveguides RP 1,
R 2 is kept constant and can be adjusted to any value, Midway between the two

waveguides, is a beem optical gystem which images the centre of RF 1 ++ith unity

magnification into the centre of RF 2,

Ps/5292/ jc
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Imagine a beam of kaons and pions of same momentum p pasging R 1

along the axis, The particles receive a deflection ¢ sin wt depending on the
field amplitude and on the entry phase wt (¢ : maximum deflection in onc cavity,
w ¢ angular frequency of RF fields).

Behind R 1 the beam has a fan=-ghaved form with half opening angle ¢
and is modulated in angle asg gin wt (cf., Mg, la where the trajectories of parti-
cles with different wt are represented), If the cavities are short enough, the
transit time difference of the two kinde of particles is very small and the de-
flection is practically independent of the narticle rest mass., (This is in contrast

to the electrostatic separator where spatial separation is achicved by the diffe-

rence in transit time of two kinds of particles in a "long" clectrostatic field).

The beanm optical system transforms the deflections to -¢ sin wt,
We adjust the relative phasing of RF 2 with respect to RF 1 in such a way that
tne entry phase of a pion (unwauted pcrticle) is the same in RF 2 as in RF 1,
Then its second deflection will cancel the first one, provided the field ampli~
tudes in RF 1 and RF 2 are cqual. All pions will then be brought back to the

axis, independently of their entry phese wt. Fig, 1b represents the case wt = 90°,

A koon, passing RF 1 at the samc moment as a pion will arrive at RF 2
with a time delay corresponding to a phase difference because of its greater rest
mass, Its finel deflection will be

D (.
W<G) =~ ¢ sin wt + @ein (wbt+7)

; . [1]

= 2¢ gin T cos (wt +3 )
The deflection of the koon beoam is thus modulated as sin wt, the naximum value
being Py = 2 ¢ sin ( 7/2), and the kaons energe from R 2 again in a fan~shaped
distribution, At some distance behind RF 2 there is a centrally placed beam
stopper whose thickness is chosen to intercent 211l pions (unwanLed particl Les).
It alsc intercepts some of the koons (wanted particles) which are swept across i.
However, if the wneak deflection ¢y is big enough, most of them will pass the
beam stopper cnd thereby spatial separation is achieved, The most favourable case

s obtained for 7= 130° , then the deflection ¢ ig just doubled in RF 2, (CL., Fig,1b).

e
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The accuracy of this time of flight method is given essentially by

the frequency of the RF' fields, hall a period corresponding to about 0,15 nsec,

+ ..
If the beanm ovening — 8 at the entry of RFF 1 is not negligible, the

maximum deflection of the wanted particles behind RF 2 is S +2¢ whereas

s agoin * 8, The thickness of

=0

t

the divergence ¢f the unwanted-particle-~bean :
the beam stonper has to be made corresponding at least to + § 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, o
perform the momentun analysis by nagnetic deflections, and to improve as much

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

If the RF cevities use linearly polarized waves, the momentum analysis
can be done in the horizontal plane and mass anelysis in the vertical plane: thig
eases considerably the tolerences on lens aberrations and on isochronism in the

plane of momentum cnalysis,

P3/5292/ 3¢
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INTENSITY CALCULATIOLS

1) Cross sections

To obtain production cross—sections for primary proton energies of

the order of 70 GeV/c we use cn cxtrapolotion formule for pions ziven by Trilling (9).

[

ipan = Ayp? expf ~A2§?O - A3PVSO 0% } [

]

2 2.
B1§“ exp{ ‘Bz(g“> - Bspe |
o Po :

) number of pions per interacting proton

oo

p : secondary momentum in GeV/c

oo

Py ¢ primary proton momentum in GeV/c
& : nroduction angle.
In thig formule the hypothesis of constant transverse momentum end the decay of

isobars are included,

Ranft (10) has fitted by a least-sgiore methed the coefficients A and
B to the experimental cross-sections of Delders et al (11) ot b, = 23,1 GeV/c

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

}Bv

Ay 3

.

1,67
1,50

As B1 By

4,28
4,28

10,21
10,21

1,76
0,604

[O))

?

7
) 7

N

©0006000¢t 00000000000
©000000000c00d0c0000
©c0060000c000do00000
-
©200000060c00qe00060
©00005600060000d000000
©600000006000d000000
2000600000 0004000000
©00080c00c8000000000

3
3

Ul

i

The cross~sections obtained from formula [1] are given in Iig. 2. They are somewhat

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

Tor the cross—sections of other particles we uge the following ratios

obtained algo from extrapolations at lower energies

o + -
X L. _ P Iy
— = 0,05 7 =0,1 Ci= = 0,01 [2]

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

ratios are used in connection with formula [1].

Ps/5292/ 3¢
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lrgen in mind the results

2) Particle intensities of
In celculoving particle intencitics we

CERI Uy~Beam which ig very similer to the SU-beam., We also

parator as the one used in the 02

the

sume the same kin

obtained in
as d of two~deflector—-scpar
in the Serpukhov

and Uy beans (5-6)
study is

The estinate the number of circulating proto

11 12 , 1. o
accelerator range from 1077 to 107 protons per burst. As the present st
bean vork*;) during the initicl operotion of the accelerator, we
1though thig number could become

A £
et. TOY &

on 10" Protons /bu

only

base our calculations
substanticlly hisher later on
We assune o fagt ejection system cnabling zero angle vroduction,
Ag for bubble chamber exveriments in the forcscen energy ronge of 10-40 Gol/c
(see below) o momentun bite emoller thrn 1 o/o would be desirable, we ausune a
2 x 2 rm? cross~section cnd obout one interaction length,
of the nrimary vroton beam, it secems reasonable
1 hit the target., Furthermore

target size of
is with the emittince o

Comparing this w
-]

that only about 10 o/o of the protons

the secondaries produced in the right momentum and angle intervel will

to assune

70 o/b of b
be lost by rcabsorption and Coulomb scatteris

The acceptance of the bean (including losses on collimators) is fixed
0,25 o/o. Losscs on the bean-stopper
‘71j the

sterad, the mementum bite to bc
o/o for ,11 other particles, Min
500 n (gee below).

to be 10
are assuncd to be 85 o/o for p ond 70
distance between torget and bubble ch fixed at

the values of Fig, 3 and Fig. 4 are obtained,

Under these ¢

arate two klﬂdg of particles

3) Seporation Energics
m o two-deflector—geporater con oe
d cnergics, tho only cxcention being
In fixing the energies

As is well known

from a third one only for some well defd

separation of anti-protons at "high" energies (2, 17)

ion we ha telte into account the inteasgities of wanted particl
their lenzth,

een the two deflectors aad

the distence betw

rs/5292/jc
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if we accept the particle intensities given in Pig, 3 and Fig., 4 and if we

assune that at least 10 wanted poruvicles should reach the bubble chamber, it
. - . . o - , o/ wto T A
is obviously interesting to separcte ¥ ond p up to 55 GeV/c and K, m even

above 60 GéV/c.

The phase difference between two particles of rest energy Wol, Wo2 over a c:st'uce

L is given by (5)

2= N ey [3]

A wavelength of deflecting ficlds
D s momentun

We call desizn momentum p, that momentun where the phase difference between a

kaon end o pion is exactly m. From formula [ 3] onc cen colculate L for a given

design momenturn,

~

L — 2&.;; =-2L-C ] . - ' [4]

- T 2 o 2
JOl .1'02

In the CERN-geparator A = 10,5 cn, from [4] one gets L = 50 n for & design

momentum of 10 GeV/c.

In Table 2 we note the velues of L for verious de 1vn momenta end for A = 10,5 cn.

4

One realises that the dis

C‘)

toneces involved become ranidly wrohibitive, One could
congider reducing these distances by choosing o emaller value of A é.g. A =3 cm.
Unfortunately this is not advisable from the point of view of acceptance and

also beczuse there seem to be no microwave tubes available giving high energy.
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As for various reasons the beam-length should not exceed very much 500 m and
there chould be enough space for two momentum analyses, we are limited fto abou

300 m in the distance L.

The maximum deflection ansgle in one cavity should be of the order of 1 mradto

ensure good murity of the separated beam,

21 (5]

@max PC
where E : mean deflecting field

1 length of deflector,

£X3

Extrapolation of the experimental results from the CERN RF-sepa-~
rator (whose deflector length is Bm) shows that with a deflector of 6 m length
fed by two r.f. power sources of 13 Mi pealk each, one czn achieve about 32 MEV/C
trengverse monentum, This gives a deflection engle of 0.8 mrad at 40 GeV/c.

The deflecting cavity can be divided into two Zm. lengths each fed by one

r.f. source, so that no part of the weveguide system carries more than 18 1MW,
Highgr deflection angles could be achieved by using hisher field strengths B,
Unfortunately the peak value of il connot be made substantially larger than the
ones corresponding to 18 MW, Therefore the only way to increase o¢nmax is to
increase the deflector length.

'

In Table 3 we have noted the meximun separation energies for various

L

design momenta and various kinds of particles. One can always make these energics

smaller by decreasing L. From Table 3 and the previous argunents, we conclude that

T

a design momentum of about 23 GdV/c seens to be a good compromise, Te then lose

ORI . . + x4 )
the possibility of separating K= above 33 CeV/c and 7

)

above 46 GeV/o. Separation

+ \ . . . . .
of XK= up to ~60 GeV/c would not only involve too hish an inter—cavity distance

but also longer deflection, e.g.

. PR o .
Separation of X at 57 CeV/c gives L = 800 m

1

and a deflector length of about 10 m., Such a deflector not only needs three 20 -

kKlystrons but also quite tight tolerances in the value of phase velocity in the

structures.

PS/5292/ jc
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4) Separator tolerances

The finite momentum bite of the beam introduces o phase spread in the

particles between the covities. It ig given by
L Ap 1
At = 2 - 5 [6]
A D Y
2 1 . , . R . . .
Y =% and introduces o broadening of the unwanted particle image on the beam—

1-82 N
stooper. It is greatest in the cose of 20 GeV n separation: the maxirum phase

error of the protons ig AT = 12°. The corresponding broadening of the beorn=stopper

7/
ig about 21 o/o giving 10 o/o additional losses of wonted particles,

In a i« structure the phase slip between wave and particles rust be
congidered, It reduces the doeflection of particles., This of course is undesirable

articles. For p at 17 GeV the phage slip is 18° giving o reduction

for thg wented 1

\_)

in deflection engle of 3 o/o. Jut if onc used the same separotor at 10 GeV p the

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

Pl o8e velocity: anyway cnough deflection cngle is aveilable ot lower encrgics,
In the separator o phose constency between.the two structurcs of better

thon = 2 o/b should be achieved (14) Bramhan (lS) shows that the systen at present

used in the CERN-Separator could cope with on inter cavity distance un to 500 n,

Ps/5292/jc
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EAM DESTGN

As can be seen fron the abové, t5 effain a well separated bean we noed
a certain bean configurntion, The neccesary characteristics of the beam can be
provided with the help of the following elements:

a) collimatofs

b) quadru@olénlonsés

c) bending magnets,
As with the Scrpukhov accelerctor, we enter a new energy ronge, it appears necessary

to re-exanine the determination of the parancters for each of these elenents:

a) Collinntors : they plwy the role of Jlgphrﬂgmg borderinf the bean in those places

e s 5 e e P s

where it is nocessury. As dl?pnrggms, they rust prevvnt unwented particles to

particles with wrong nomenta, with divergences

enter the bubble chenber, i.¢., T
different from those recuired etc,
In this sense, the energy lost by traversing the wolls of the collina-

tors must be related to the expected momentum resolution. Of course, onec nust

4 .

4t is inpossible to foresee 211 the coses

(f)

toke into account a safety fac

tor o
to be uncouﬂterod in prg tice. ?“wever, if ono‘assumos this rescrve of safety

not to ex cced Ap/p ~2 o/o, then it anpears thot o reasonnble choice for the
oollimatcr.longxh is approxinctely 1 m of Cu, Incidentclly, the rotio of this -
collinatore length to the length of the CERN stondord collinntors is approxinately

equal to the ratio of energies of the Serpukhov and the CERIT accelerators,

b)-c) Quadrupblé iensés and beld1n~ mognets ¢ These clements are nore or less similar
in charaéteristics to the corresponding CERN stonderd elements. Of course, the
detrils of the technical execution of these elements will present come differen~—
ces in characteristics, but one con hordly expect that these differences will
be very significent. Theorefore, Tor sinpliecity, we hove congidered thot the
effective length of cach elenent (lenses ond magnets) is ecuel to the iron
length plus the aperture width., Such an eporoximation will need in the future
certcin corrections, but differences of 5-10 o/o from the precisc charccterig-
tics cannot, cssentially, chonge the overnll picture, Preliminory chorocteris—
tics of the quadrupole lenses and bending magnets which have been used for the
computations are given in Table 4,

As an example of a possible solution, one can consider a magnetic channel
whose optical schene end lay-out are given in Fig. 5, and whose finel characteris—

tics are shown in Table 5,

Ps/5292/ 3¢
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A) Guodrupoles
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Horizontal focusing
Vertical focusing

Drift length between the centers of the cloments
Quadrupole leus
Bending magnet
Aperture (cm)

Effcctive length (cm)
Focal point

- 15

TABLE

- A\
- Bending anglce (dogrees)

Designed momontum P, = 25 GuV/c.
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TABLE 5 (contd.)
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WLl

The storting point for obtoining these results was as follows:

l) The optical schene of the cannnel must be as simple as possible, i.e.,

rnonts. This gives us o certain

congigt of the least pO%SLblO number of el

hope thot the channel con be tuned rather easily and quickly,

2) To a certain extent one hog used optical configurctions which were alrendy

congidered ond experinented ot CERN, One connot say, of course, thot the
CERN chonnels cre cbsolutely perfect, but thoy proved to be tunable, and
well odawvted to physics experinents,

,

The mognetic optical equipment of the chrnnel consiste of thoe following

clernents ¢

2
1o 20 x 50 e aperture:

6 noghets with o 6 n path length

16 2 n quadrupole lenses with a 20 cn aperture and noxinel grodient of
1300 g*/cn:

4 1 1 quadrupole lenscs with o 20 cu aperture and nexdi gradient of

1300 gs/cm:

of 2000 gs/cm:

1 1 m guadrupole lens with a 10 cn aperture and gradient
9 1 n collinator:
1 vcan stooper,

Quoadrupole lenscs with such gradients provide focusing of particles
with a nonentun of up to 40 Gé%/c, the megnets give the possibility to tronsport
along tho chrnnel particles with o nmomentun of up to 70 GeV/c. Thig last figure
is importont to pernit the transport to the scne bubble chomber, of particles
with momentun opproaching the maximun of the cccelerator, without lenghty ond
costly nodifications connected with the construction and tuning of ~ new bean,
by requiring only the simpler task of o change in the loy-out and groadients of
lenses, On the other hand, such & solution gives us the possibility to obtain

particles with other energies, produced by protons ot other places, =2nd leading

to the same bubble chember or acting on other epparatus ploced in the vicinity,

but in the same direction,

The colculation of the beom characteristics, whose opticel scheme is shown in Tig, D,
has been worked out with the help of the strndord TRAMP progrome (16). Bxpericnce
goined at CERN ghows that the experimental choracteristics of the chonnels, which have
been cclculated with the TRAIP progromme, differ from the cclculated ones by no more

than 1 o/o,
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OFTICAL LAYOUT

Let us consider in more detqll the above optical scheme., It

consists of the following narts

b) the first objective, which hwovﬂdeb acceptance of particles coming
T get at a solid angle as large as possible;
c) the first momentum analyzer, providing a momentum roesolution which
is necessary for bubble CﬂwﬁbOf physics;
d) the second objective, which focuses the beam in the centre of the
First RE cavity, thus providing a nccessary lincar magnification

in the vertical planeg

i

e) the optics bevween RFL and R¥2, which must be described by a motrix

in the vertical planc, equal ©o

-1 0
0 -1

thus providing beam transport in the space between the RF cavitics,

Ul =
MV

At the same time this objective provides a condition for cancelling
the deflecction of unwanted particles in the second RF cavity. The
condition Moy = 0 gives a cancellation of possible aberrations in

the R deflection structurcssg

iy
S

the next objective, which focuses particles in such a way that it

gives a minimal twisting of the phasc-—space ellipscs in the vertical

Nal

planc, This allows an increas the efficiency of the collimators
behind this objective, LT the same time it helps to remove from the

beam slow particles, muon background ctc.;

0
p—

the sccond momentum analyzer, which permits to clean the beam from
unwanted particles and muon baclsoround;
h) the

focusing thenm in the horizental plane in the centre of the chamber

o

objective, wvhich transports particles to the bubble chamber

-

as

and making the beam parsllel to the vertical plane, Expericnce shows
that such a focusing is most useful for the subscquent analysis of

bubble chamber picturcs.
i

The characteristics of the above-mentioned elements are

conditionned by the following circumstances

co
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a)

c)

"‘2\;""‘

As far as the target is concerned, the length of the target as

[=h

w

4a

mentioned above, should be approximately cqual to onc nuclear length,
corrcsponding to the material used, The target cross-section depencs
on the desired momentum rescolution, on the wanted acceptance aund on

nrinary proton beam with the necessary

possibility of producing the

. . , o 2, .
stice., A target cross—section of 2 x 2 mm is a suitable

characterist
choice to meet all these requirements;

When calculating the first objective, one can use some CLRN examples

and adapt them to the

However, such a scaling shows a loss of acceptance of about a factor
of 4~5, -Another solution wag found for this objective, which reduced
s oo . ‘ : ~4
thig loss to a factor of 1,6, and which gave a solid angle of ~10

~

sterad, This objective consists of four 2m quadrupole lenses Q1-Q4,
with an aperture of 20 cwm, which are connected, relative to the
focusing in the horizontal nlane, in the following way

FODODOR (F ~ focusing in the horizontal plane, D -~ defocusing in
the horizontal plane, O - drift length).

ifore than 100 configurations were explored, and the solution oroposed
is the best found so far, For ingtance, some counfigurations would
give a good acceptance, but not enough 1in@ar'mag1 fication for the
ubsequent monentun analysis, Conversely, other configurations would

give a smaller acceptance but a good mag nlILCWblOﬂ Table &6 shows

S

a sclected sample of the solutions found but not accepted.

The first momentum analyzer, consisting of 4 maonﬂts 1M1-M4, and the

field lens Q5 fcocusing horizontally, provide

1) the maximum momentum resolution of 0.130/0;

2) that the most romote part of the channel is dispersion frec,

The second objective, consisting of 2 quadrusoles Q7-Q8, is built

acoording to the scheme 0D (which was chosen considering the
aperture limitations ) as iz seen frow Pig. 5.

The distance between thesc l(L‘GS was chosen according to the

condition Dyq = 0.

When calculating the owtics between RFL arid RI2 (Q9uQ12), it is

necessary to have in mind that this objoective allows transport of

particles between RFL and RF2; the aperturc of this objective must

be big enough to permit the pascage of particles with an inclination

Ps/5292/dmh
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horizontal focusing
horizontal defocusing
bending magnet
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Configuration

F0DOFCHAIIoN

FODODOTCIION

PODCDOFCIIOH

PCDOFCDOHCH

]
no N N

[AS]

.mieﬁéwiééé%ﬁf(m)
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- length from the end of configuration

up to horizontal imoge point

~ horizontal magnification

~ vertical mosnification

4

~ acceptonce (10 sterad)

Q3 Q4
875/1 911/2 0.97 4,03
874/2 752
777/1 826/2 0.75 2.6%

1073/2 940/2 3,12 1.16

On
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N>
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approxiﬁately twice as big as the one that results from the
acceptance angle in the vertical plene (taking into account the
additional deflection produced by the RF field in the RF1 cavity);
the characteristics of this objective at the same time must allow us
to make Byp = 0. All these requiroments led us to the choice of the
FODODOF scheme and o the computation of the gradicnts and dri

£
lengths are given in Table 5,

f) The requirements of the objective Q13-Q16 were given above, and
its calculation is not difficult. his objective is built according
to the scheme DODOFOI, The choice of such a configuration resulted
from the fact that the divergence of wanted particles is about 3 times
morc than was considered in the calculations of the acceptance angle,
On the other hand, this objective must prepare the conditions for a
good momentum resolution in the second nmomentum analyzer.

g) It was found, in the course of the calculation, that the necessary
momentum resolutions which allow to clean properly the beam from muon
contamination, can be obtained by means of an objective consisting of
4 lcnses Ql7-Q20 arranged according to the scheme DODOFOF, as well
as by 2 magnets M5-M6, whose characteristics can be seen also in
Table b, For making this choice, the computaticns made for Ql-Q4
could again be used, as the requirements arc similar,

h) The last objective, Q21-Q22, wust provide a boam large enough for
the bubble chamber, The choice of its characteristice depends on local
conditionsg, and in particular on the parametcrs of the bubble chamber
magnetic field, the distance available between the objective and the
bubble chamber and so on, Therefore onc can consider the characteristics

~

of this objective ag rather conventional,
To decrcese the influcnce of non-lincarity of quadrupole ficlds
the whole calculation was made under the assumption that only‘SO,b of the

lens aperture was used,

Collimators and beam stopper are placed in the principal points

of the channel, ag shown on Mg, 5.

PS/5292/dnh
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Cl collimator determining the acceptance in the horizontal plane placed

~

at the focal point of the first quadruplet;

!

C2 collimotor determining the acceptance in the vertical plane placed at

N .

the vertical focus in front of the first quadruplet;

C3 momentum slit, placed at the first horizontal image of the target;

C4 angle dofining slit, vplaced at any convenient point before M3-14;

T, 1

C5 wvertical collimator placed before the beam stopper and used for
reducing the muon background; the setting of (€5 and BS, relatively
to the beam, is shown in Fig, 6.;

C6 wvertical collimator, redefining the target dimensions, aftcer the

)

sccond RF cavity, and placed bchind the Q13-Q1l6 objective;
C7 herizontal collimator, rcdefining the target dimension, x after the
sceond RF  cavity and placcd behind the same objective;

)

C3 momentum slit of the sccond moncentum analyzer (1

e vertical

et

the terget dimensiorns in t

€9 wvertical collimator, defi

planc (? gnetic oollimator).

The role of these colliuators is very important as far as the
cleaning of the beam from muon background is concerned, As after them,
in front of the bubble chamber, we have no additionzl momentum analyzers,

of unwanted particles from the beam proves to be more

ig performed in o magnetized iron of up to 15-16 kgauss.

B3 thoe beam stopper is placed just behind €5, in the front focusing

o

point of the objective Q1l3-(16.

—

The choice of the length of the beanm stopper requires a more
detailed knowledge of oll characteristics of the optical elements of the

chennel, Thus the length of ~1 or 1.5 m scems to be rather reasonable,

The ray trajectories are shown in Fig, 5, where onc can also

see the collimators and the beam gtopper positions,

PS/5292/dmh
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A convenient scheme of channcl power supply is shown in Fig, 7.
Such optical and power wvly scheres allow the usc of the usual methods

of beam tuning. Particular attention is drawn to current limits, giving

a necessary ctabi metic fields and gradicents. Experience gained
at CERN shows cxigbing situation there, for a beam length of

Mintain currcents in magnets and lenses

with o stability nof worse than 0,02 - 0 Oj,é. Calculatiocns of the SU-~hean
show that this value should be decreased to 0,010 - 0 01)/6 (for magnets it
has to be less or ﬂnwal to 0,01?6). Tor a compensation of a beam drift in
the space bhetween RFI and RF2 duce to this instability (fv25-30 mn in

Alr

the horizontal plano) one necds some special feed-back systeom for the MN3~M4

mognets (small magnets or mognetic coils), which can be placed anywhere at

Lougs

the beginning of the space between RFL and RF2,

The alignment of the optical elements should be performed with

an accuracy not worsce than 0,1 mm,

The construction of premises for such a bean of about 500 m is
no simple cconomical and cngincering problem, It requires a compilation

of all local conditions and resources, An attractive proposal nay be to us

an open area for the channcel - of an airport-runway-tync - with a building
ot the end of the runway to accommodate the bubble chamber, and "prefab”
barracks to accomsodate equipment which is scensitive to climatic

conditions

1wwed here is not ideal, and necds

=4
[
ja]

o
Q
(J
ot
=
©
w
®
3
[0}

Obvicusly, tho beau
further improvements,., Such improvements, in the first place, must recicr to
increaging the first objcetive =zolid angle, and to sceek for more effective
optical combinations from the point of view of their simplicity and of a
minimal level of the different aberrations, OFf course, all phasc spaces
at the principal points of the channel (“olLLnuuors, beam stopper, ete.)
must be checked for a better determination of the characteristics of the
bean elements, currents, ftolerances and other conditions, However, this

scheme can be considerced as an initial step which can give a sclution of

ot

. . 0
he problem with en accuracy oi'~5~10,6.

g
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Fig, la, Principles of operation of the radiofroguency scparator,
1b, Phose relations of two po of different reghb-mosscs
with respect to the travelling wave,

T - + - . . ]
Fig. 2. Cross~sections for 7w and 7 production on Be at O by
50 and 70 GeV/¢ protons, A curve for 23,1 GeV/c protons
&
iz given for comparison,

)
s}
Q.

axpected particle intensities ot the end of the bean.

e
*
IS

-

Prinary proton cnergy : 50 and 70 GeV/e,

ore calculated under the assumptions specified

Fig. 5. Optical layout and particle trojectories,
Fig, 6, Collimator €5 ond beam stopper setting relotive to the

beau.,

Powrer supply circuit.

i

8. Geometrical layout,
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