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The purpose of this report is to discuss a proposal for a general
purpose separated particle beam from an internal target for use with the .
British National Hydrogen Bubble Chamber in the Bast Experimental Area of the
CERN Proton Synchrotron.

The factors which it was necessary to take into account in designing
the beam are discussed in some detail. The.reasons for choosing the proposed
layout are stated and an estimate of the intensity and purity of various particle
beams is made.

Beams .of antiprotons .of momenta up to 8'GeV/c, and of pions and
protons up to:a:ound 10 GeV/é, of reasonable intensity and purity should be
readily obtainable. - However it may be necessary to modify the proposed layout,
by using a special magnet near the target, in order. to obtain useable K-meson
beams, in the momentum range 3 to 5 GeV/bai The difficulties inherent
in delivering K~meson beams from an internal target to the bubble chamber should
be resolved when an ejected proton beam for use on' an external target becomes

available.
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2.

Introduction

The 1.50 metre National British Bubble Chamber (ﬁ,B.C.) is expected
to begin operation in the east experimental area of the CERN Proton Synchrotron
(PS) either towards the end of 1962.o0r.in. the early part of 1963.

At the present time it is envisaged that the first beam to be used
by the NBC will be a high energy scatteréd,out proton beam. H. Geibel of
CERN has undertaken to design such a beam which will be a particularly useful
beam to have in the early stages for two reasons. First it will be possible to
run parasitically so that valuable machine time would not be lost through
intermittant operation of the NBC. Second, because it is a high cenergy beean
it will be useful for examining chamber distortions.

The choice of the second beam for the east area has not yet been made.
However a study has been made of various possible-separated particle beaus using
internal targets that could be built using beam transport equipment: that either
will or could be available at the end of this. year.

In this report we discuss a proposal for-a general purpose separated
beam for use with the NBC. The major beam transpori réquireﬁents are for 12
Quadrupole Magnets, 6 Bending Magnets, and 30 metres length of &lectrostatic
Separator. Particles produced in a target placed in the straight:section 61
of the PS and maeking an angle of 9o with the circulating beam, are accepted by
the beam transport system, and a selected number delivered over a total flight
path of 180 metres to the bubble chamber.

" If we demand at least 10 particles per pulse for a circulating beam
of 1.0 x 10" protons, and that the number of contaminating p-mesons should not
exceed the number of wanted particles, then it should be possible to obtain
beans of;_Ki mesons in the momentum range 3 to 5 GeV/c, antiprotons of momenta up
to 8 GeV/c and pions and protons with momenta up to 10 GeV/c. The proposed beam
is seen to be complementary to a certain extent to beams existing or proposed

for the North and South experimental areas.,

Summary of Factors involved

We discuss now in some detail the various factors that had to be taken

into account in designing the bean.
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a) Availability of Beam Transport Equipment

_ The standard beam ftransport equipment expected to be available to users
of the PS at the end of 1962 is indicated in Table 1. It has to be borne in
mind that this equipment has to be shared among the various beams in the three

experimental areas.

Table 1
Type of Equipment Number
Availsble
1 Metre Quadrupole Magnet 22
2 Metre Quadrupole Magnet 16
1 Metre Bending Magnet ) 9
. 2 Metre Bending Magnet 18
Electrostatic Separator 40 - 50 metres

Viewed in this light it is obvious that as yet there is no surplus of beam
handling equipment so that careful attention must be paid to design so as to

achieve the desired end result with the minimum amount of equipment.

5) The circulating proton beam

With the present injection system a circulating proton beam of
3 x 10" protons per pulse is theoretically obtainable. Although this intensity
has been obtained on occasions in the past, experience indicates that to be safe
the design of experiments should be based on a circulating beam of 1.0 x 10"
protons per pulse.

The repetition rate of the PS is variable and may be adjusted to suit
the experiment in progress. A higher repetition rate is usually obtained at the
expense of a iower final proton energy. For example, if there is a "flat top"
of.duration 100 milliseconds, then for a 2 second repetition time the final proton
energy is 19.2 GéV, while for a 5 second repetition time the proton energy is
26.0 GeV,

Although a hiéher proton energy means larger fluxes of secondary particles

this must be balanced against the larger number of pictures that can be taken at
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the greatefvrepetition rate for lower energies. It appears that a cycling time
as low as 3 seconds might be obtained for the NBC but as yet this is purely"

conjectural.

C) Available Targels

The target will be located in straight section 61 in a position equi-
valent to that of target 1. The requirement of'a short burst length "/ 1 milli-
second necessary for bubble chamber operation, restricts the type of target and
the mode of target operation used.
| When the separators are being used the most suitable target seeums to be
the "point source", consisting of an aluminium rod of diameter 2 mm aligned
along the secondary beam direction. If the mode of operation known as "Beam

Jump" is used, a burst length of about one millisecond is obtained with 85 o/o

bean consumption. The fraction of consumed protons undergoing nuclear interactions

is uncertain but preliminary estimates indicate that it is around 50 o/o.

For unseparated beams two other targets giving a rather diffuse ‘source
are available. One is a finger target which cuts through the circulating beam
at high speed. - A burst length of 0.3 to 1 milliseconds is obtainable and the
beam consumption is variable between 0.5 o/o and 50 o/o. The other target is
a bar target which "cuts in" with beam steering. - The'burst“lengthtis”0f9 willi-
seconds and the beam consumption 100 ofo. -

‘More details concerning targets and circeulating beanm properties can

be found in the PS Users Handbook from which the above details were obtained.

d) Choice of Production Angle

1)

'theory,'of*the laboratory momehtum disffibution at various laboraﬁory angles of

Behr and Hagedorn have made calculations, based on stetisticsl

secondary particles produced in 25 GeV profoﬁrproten collisions. Examination of
their durves indicates that in general the intensity at'ﬁroduction of a given
“type of partlcle increases as the production angle decreases. SR |
This trend also appears in the experimental data, net only for the
nucleon-nucleon but also for the nucleon -nucleus collls1on 213 4) 'fer | '
"example in Figure 1 we give data on the angular dlstrlbutlon at dlfferent
momenta, of 7° uesons produced in proton~proton COlllSlOHS at 23.1 GeV (K E )

2)‘

These curves are based on the results of Fidecaro et al
PS/3121/rmn
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Thus it would appear that to obtain the highest particle fluxes the
production angle should be made as small as possible.

However in going to small angles one comeés up dgainst two problems.
First as the angle decreases, it is necessary because of the geometry of the
PS to move the first beéﬁ_transport quadrupole further [rom the target. This
leads to a reduction in the solid angle acceptance of the besm transport systen
which to some extent counteracts the increased production.

. Second, -at small angles the effeccts of the nen linear fringing magnetic

field of -the PS Magnet units becomes important. Lberrations dve to the fringing

field becoue serious for 3 to 4 GeV/c particles at around g”,

. However Petrucei at CERN has designed a special magnet which can be
placed close to the target. It has a solid angle acceptance of abeout 4 x lO.-4
steradians and can select particles of 3 GeV/c produced at 50. Similar magnets
could be used at higher momenta but with a greater production angle. The possibi-
1ity of using such mignets is discussed in more detail in section 5 of this

report.

_e) Fluxes of secondary particles at production

Information on the production of secondary particles in hlgh energy
nuclear interactions over a wide range of production angles and momenta has been
obtained both at Brookhaven 3) and CERN 4). Brooklisven give rather lower figures
. for absolute rates of production than CERN but the two laboratories are in rea-

" sonable agreement over the ratios of the various secondary particles ‘at production.
Tn recent work with the Van der Meer fast antiproton beew at CERN and with a
separated antiproton beam at Brookhaven the experimental fluxes showed good
agreement with those calculated from ihe Brookhaven data.

In Table 2 we give the expected flux of n_ mesons for a production
angle of 90, a circulating beam of 10" protons at 25 GeV and assuming that 50 o/o
of the protons ﬁndergo a nuclear interaction in'the %arget. In addition various
particle ratios at production are also given. We have assuned an equal number

+ -
of n and ® are produced. The other ratios have been obtained by smoothing

out the experimental data.
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Table 2
Momentum Flux of n | Production Ratios
in /sterad/et/c K K" P P
GeV/ec /1om protons = o " o
3 2.2 % lOlO - 0.07 0.13 0.014 0.56
4 1.2 x lOlo ' 0.07 0.15 0.014 0.71
5 5.2 X lO9 0.07 0.20 0.014 0.81
6 2.2 % 109 0.07 0.28 0.014 1.00
7 9.0 x 108 0.07 0.28 0.014 1.23
8 3.4 X 108 0.07 0.28 0.014 1.72
9 1.3 x 108 0.07 0.28 0.014 2.35
10 4.6 x 107 0.07 0.28 0.014 2.90

Since the angular distributions of pions obtained at Brookhaven
have essentially the same shape as the angular distributions of no riesons
of Fidecaro et al 2) it is suggested that the curves of Figure 1 may be used
in conjunction with the data of Table 2 to determine fluxes at other production

"angles.

f) Flight Path and Decay Loss

The total flight path from target to bubble chamber is 180 metres.
In Table 3 we give the probability of survival of X and n mesons as a function
of momentur, These figures are based on the lifetinme:

k3 -8 ¥ -8
m = 2.56 x 10 ~ secs. K = 1.224 x 10 ~ secs.

and the masses:

Mt = 139.63 MeV - Mot = 494.0 MeV

PS/3121/rmn




CERN/TC/NBC  62/1

Tablc 3
;Probabilipies of Non-Decay
Momen tum + T
in GeV/c e ; K - T
3 3,19 x 1077 0.337
4 2.36 x 1077 | 0.443
5 8.07x 107 0.519
6 1.78 x 0% 0.580
7 35,15 x 1075 0.626
8 4.88 x 102 . 0.665
9 6.14 x 102 o 0.695
0 8.97 x 1072 o 0.720

g) Solid ingle and Momentum. Bite

With a production angle of 9O and hsing standard quadrupole lenses
the maximun possible solid angle of the beam transport system is approximately
3.0 x 10“4 steradians. However if the beam is restricted to the linear part
of the quadrupole fleld, i.e. to within 7 em of the beam axis, then the maximum
so0lid angle acceptance is 2. O x 10 4 steradlans. Ir the flrst quadrupole is
chosen to be horizontally focussing this solid angle will be made up of - lO
milliradians horizontally and~f 5 milliradians vertically.

The angular acceptance of-i 5 m.rad. may have to be reduced because
of the limited phase space acceptance of an electrostatic separator in the
vertical plane. Let us consider a sepafator With_plape separation of 100 mm
With an electric field strength of 50 kV/cm. Let us further assume that the
ﬁanted particles musf'not, but thaf the unwanted particles can;-touch the
plates. - |

. Now With a 2 mm diameter tafget'and with an angular acceptance of
10 me.rad. the phase space area at the tarﬂot is 20 mm. m.rad. in the vertical
plane. Under the assumptlons nade above the phase space acceptance for a
parallel beam Separator is the product of the aperture and angular deflection,

5)

assuming "just separation" of the final iﬁages . This implies an'aﬁgﬁlar
PS/3121/rmn
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deflection of 0,20 m.rad. for "just separation". In practice it is necessary
to have more than-"gust separatlon" to obtaln a pure beam. . However it is ins-
tructive to. detcrmlne the length. of. separator required to produce a relatlve

deflection of 0.20 m.rad. between different pairs of partlcles Table 4 gives

sowe data on this p01nt.

Table 4

Momentum in Length for "just separation" in metres

GeV/c , T - P - K=-p n-K
3 2.57 353 9.62
4 5.93 8.04  22.8
5 11.6 15.7 44.6
6 20.0 27,2 . 77.0
7 51.8 43.2 122
8 47.4 64.2 182
9 | 67.6 91.6 260
10 9.7 126 356

The size of the momentum bite we can permit depends to a large extent
on how much chromatic aberration: can-be tolerated in the final image. A very
_rough guide to the amount of chromatic aberration in an image at a distance L
from the farget is given by

e = 2. §E .0 . L
P

'Lvrwhere c is the aberratlon in mm. , L is in metres, ég is the momentum bite and
VQ is the angular spread at the target. - -

o Careful des1gn can reduce the relatlvo 1mportance of chromatlc

:’aberratlon. We shall defer further dlscuss1on of ‘the above p01nts unt;l

' sectlon 4 where we examine the characterlstlcs of the proposed beam.

N o To give some idea of what the beam should do 1et us examine the fluxes

.'of the varlous particles arr1v1ng at the bubble chamber assumlng a solid angle
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acceptance of 2 x 10 ' steradians and a total nomentum bite of 1 o/o. These

are given in Table.St

Table 5
Parficle Fluxes
Momentum in " - ' +' —

GeV/c o p+ p— K+ ' L;
3 4.4x10%  7.ax10" 1800 5 3 990
4 425107 6.8x10% - 1300 ¢ 4 16 630
5 om0t g.exiot 730 82 29 300,
6 1.6x107  2.ex10t 3% 140 34 130
T 7.9x103 1.5x104 170" 110 28 55
8 3. 6x10° 9. 4~<103 1 72 19 2l
9 1.6x10°  5.5x10° - 33 40 10 8

10 6.6¢10° . 2.6x10° 13 . 23 - 5

The final column gives the numbers of'muons uithin the 1 o/o momentum

bite produced by pions within the nomentum bite and gives'some'ideaiof'the con~

‘tamination that might occur.

Layout of the Proposed Beanm

Although the exact pos1t10ns of the varlous beam transport components

have not been flnallsed the approximate layout of the proposed beam is indicated

in Fig. 2. Various features of the beam and some of the reasons for choosing
this particular layout are discussed in detail below.

Particles produced at an angle of 9'O to the circulating proton beam
in a "point source" target in the PS straight section-6l-are accepted by the
system. The particles are brought to a double focus'in the lens Q4 by the lens
trlplet Ql, Q2, Q3 Dispersion is produced by the bendlng magnots Ml and M2

and momentum analys1s is carried out at Q4. USlng QA the beam becomes essen-
t1ally dlspers1on free after passing through the bendlng magnots MS and M4.
The lenses Q5 and Q6 bring the beam’out parallel in the vertlcal plane, Just

fllllng the aperture of the electrostatlc separator. The lenses Q7 and Q8 bring
PS/3121/rmn
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the beam back to.a double focus for mass analysis. The behaviour of the bean
in the horizontal plane within the sebarator is variabie.and can be.adjusted

to give a suitable horizontal image at the mass slit; The lenses and bending
magnets beyond the mass slit are used for cleaning up the beam and to produce
a suitable image in the bubble chamber. We now discuss some of these

points in more detail under various headings.

a) Production Angle

The suggested production angle for the bean is 90.’ This is based
on considerations of the effect of the fringing magnetic field of the IS
on particle trajectories. Below 9O the effects on particles emitted in
different parts of the solid angle acceptance is such as to cause an appre-
ciable enlarging of images in the beam transport system, a situation which in
general cannot be tolerated in separated. particle beams. Some idea of fringing
field effects on particles of different momenta can be obtained by referring
to curves given in the CERN Report PS/Int. EA 60-10 7) (also reproduced in
the PS Users Handbook).

v A;so it is found at small angles when fringing field effects are

important that a beam transport system which is correctly aligned for particles
of a particular sign and momentum at a particular circulating beam energy,

will not be correctly aligned for other particles at different machine energies.

b) Solid Angle Acceptance

If the beam is confined to within 7 cﬁ of the optic axis then the
maximum solid angle acceﬁtance, defined essentially'by the first two quadru-—

4

_‘polgs, is for a production angle of 90, about 2.0 x 10 éteradians. It is
“'prdbosed fﬁat tﬁe first quadrupole shall be hdrizontally focussing so that the
angular acceptances will be & 10 milliradians horizontélly and T 5 milliradians
in the vertical plane. A collimator placed near the'targef will confine the
beam to these angles. o .

The beam tran8porf‘system is designed to cope with solid angles up to
2x 10"4 steradians. However the separator will sometimes provide a further
limitation to the angular agceptance iﬁ the vertical plane. The currents in

the guadrupoles of the first triplét‘Ql, Q2, Q3 can be varied to give different

angular nagnifications at thé first double focus in Q4 and thus various'angular
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spreads can be made to just fill the separator aperture. It should be possible
to vary the vertical angular aéceptance of the separator, simply by adjusting
the triplet, between about 4 and 10 milliradians. A collimator with the same

aperture as the separator will be placed before the latter.

) Dispersion and Momertum Analy 1 j

L The dispersion. introduced by the oendlnﬂ magnets M1 and M2 enables
N a momentun analys1s to be performed at the flrst double focus. The bendlng
‘Vangle produced by Ml .and M2 which are 2° ‘métre benalng magnets 1s 8 By using
ttwo magnets 1t is. possible to 'go to 10 GAV/C w1thou+ aberratlons belng
' ‘1ntroduced - Adjustable .collimators will be placed bePore and after Q4 to give
'a varlable momentum bite.
The bending megnets. M3 and M4 also produce a total bend of 8
and thus it should be possible to run the four béndlng uagnets off a single
generator naking for great stabllluy of the horizontal image at the mass
slit. Using Q4 it is poscible to*arréngé that the béam_is dispersion free
after M4 thus reducing the total spread in the horizontal plqne and hence
aberrations. By having a dispersion free image at the mass analysis slit we
can make the slit small in cross section, thus reducing p-meson contamination
in the beam.
Turther dispersion end momentin analysis s introduced_after the mass

-

slit chiefly for the purpose c¢i cleaning up the beaum.

d) Separation
Separation of secondary particles of different mass is carried out using
the available separator *anks in & single stage. Using the quadrupole
lenses QS and Q5, the beem is made to pass through the separator in the
"parallel" condition, and just £ills the vertical aperture of the separator.
The lenses Q7 axd Q2 bring the beam %o a double focus in the horizontal
plane at the mass slit.
The "parallel" mode of operation has beam chosen rather than the
"focussed" mode, as used in the Van der Meer fast antiproton heam 6), for
two reasons. First the phase space acceptance is greater in the "parallel"

than in the "focussed" mode by a factor (l+{7L) where e is half the length
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of the separator and L is the distance from the centre of the separator to the
ﬁass slit. Second in certain cases a greater physical separation of images

at the mass slit is obtained. This is done by choosing the -positions and
field strengths of the lenses Q7 and Q8 in such & way that the image principal
plane is located before the centre of the separator. The maximum ratio of

separations in the "parallel' and "focussed" cases is given by the formula

. R = 2(L—?)/L where L,Q have the same meaning as before.

In the proposed beam a 51ngle stage of separation is used but it is

Worthwhlle con51der1ng the poss1b111ty of using two stages. ‘In such a systen

for example the first stage could be used to separate K nesons from plons

and protons, the second stage being used to eliminate the decay nwons which

passed through the first mass slit.

If the values of solid angle acceptance chosen are those which enable
us to just completely separate strongly interacting particles at the mass
slit in a single stage system, then clearly if these same values are used in

a nultistage system only partial separation will occur at intermnediate mass

,slits. Purther the pions that manage to pass through the intermediate slits

are Just those pions that have the greatest probability of produ01ng contani~
nating muons in a single stage systen.

In addition to maintain the phase space acceptande:of the separa-
tors, it would be necessary to have "parallel" operation in both stages,
involving the use of additional guadrupole lenses. It was dec1ded that the
possible reduction in muon contamination (probably less then a factor 2)

did pot‘warrant the use of the additional quadrupole lenses that a two stage
systen would imply. It might also be mentioned that-additional vertical

bending magnets would be required if "Reamm" separator tanks were used.

Characteristics and Pfoperties of the Beam

In this section we shall give an estimate of the fluxes in and
purity of various particle beams, that might be obtained using the iayout
described in the previous section. Some of the beam characteristics not

discussed in the previous section will also be dealt with here.
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a) Partlcle Fluxes

Much of the information needed for the calculatlon of paitlule
fluxes has already been given in section 2 of this report. In part;qular
Table 5 gives an estimate of fluxes based on g solid angle,accepfénce of
2x 10’4 steradians and a momentum bite of : Ve o/o.l From this table one can
obtain some idea of the constitution of unseparated beams.. )

The above solid angle and uomentun bite may not be acoeptable 1n a
separated beam. To calculate reasonable values for these quantities it is
necessary to take into account the effect on the final image of a) linear
magnification of target, b) chromatic aberratlon, c) non—llnear aberratlon,
d) stability of separator field, e) coulomb scattering in residual air and
nylar windows.

_ Prov1d1ng the aperture of the separator is fllled in parallel bean
operatlon then the separatlon to magnification ratio is determined and cannot
be altered by any arrangement of quadrupole lenses after the separator. The
actual,separdtion of particles by the mass slit is most easily performed when
the physical separation of images is largg.

_ With the arrangement described it is envisaged that the physical
separation of images will be 100 times the relative angular deflection
produced by the separator. In Table 6 the expected separations for various

types of particle are given, based on a separator length of 30 metres.

Table 6
Momentum in Separation in rm
GeV/c T - K I
3 62 | 233>
4 26 101 .
5 13 52
6 8 30
7 ‘5 19
° 3 13 .
° 2
10 1
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The linear magnification of the system is variable and is.in our
particuiarJCase equal numerically to the vertical ‘angular acceptance in
milliradians. | ‘ '

The chromatic aberration depends‘on'the‘magnificationZOf'the”diffe—
rent stages;‘on the type of stage and or the solid anglé and momentwa bite.
Tn Table 7 we give the chromatic sberration at the mess slit in millinetres

' és a function of the vertical angular accepfance and the momentua bite.
Thié should be added‘liﬁearly to the image size to obtain the total spread

due to magnification and chromatic aberration.

Chromatic aberration in mm. for the

NN - nomentuz bites
Vertical angular ’

acceptance in m.rad. ‘ f-V4 o/o ; + Vo 5/0 SR o/o
4 5.2 - 10,5 - 21.0
5 5.3 T 10,600 - 21,2
6 5.9 .+ 11,9 - . 23.8
7 7.1 0 & a4.,2h T U28ub
8 8.4 G 188 v T 33,6
9 9.7 19.4 38.8

10 10.9 Lol 21,8 43.6

The non-linear sberrations are difficult to evaluateAbutlit is
hoped that by restricting the beam to the linear region of magnetic fields
of the bean transport elementc they may be reduced to negligible prdportions.

The stability of the separator field is of importance when voltage
fluctuations are of the same order as the difference in velocity of the parti-
cles to be separated (velocity of light units). It is hoped that the sepa~-
rator voltage will be held steady to lcss then one part in a thousand which
neans that the effect only becomes really serious above 6 GeV/c for K

separation and above 8 GeV/c for n-P separation,

PS/3121/rmn
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By having the beam in vacuum up to the mass slit and having mylar
Wihdows only at foci it is hoped that the enlarglng of the 1hage fromn this
source Wlll be negligible. '

Taklng into account the various effectq outllncd above we arrive
at the solid anglc and momentun bito o t imates 1v”n in Tablc 8 8, £or covplete

gseparation of particles at the mass slift.

. Table 8
Monentum - 7 1K separation < " .+ q=P separation
i MNin sterad. &P/P o/o _len sterad. 6P/P o/o
GeV/c ’ -
3 :2,0x10”" To.85 : 2.0m07%  Paus
4 :1.1z1077 fos0 ¢ 2.0:0% T
5 :8.02107° fo0 s 2.0a0%  ZTo.es
6 : . . H 1.4}(10"4 5 0.50 _
7 e e mem0T T 0w
8 5  f

. ] : 8.0x10 0.14

Using these wvalues of solid angle and momentum bite then the
fluxes of Table 5 are medified to give us the flux estimates of K%;'Kf,

P ' contained in Table 9.

Table 9
Momentum  ° ° Eatinated Tluxes at NBC

win . e — A

GeV/c K" K P
3 "9 5 17000
4 19 9 47700
5 7 3 960

5. 6 . . . 270 -
T . . RS
8 . . 17
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_ ) It is perhaps worthwhile estimating the fluxes of antiprotons which
could be obtained using a shorter length of separator. Table 10 gives the
estimated antiproton fiuxes when 10 and 20 mgtres of electrostatic separator

of aperture 100 mm and electric field strength 50 kV/cm are used.

Table 10

Momentun Flux of Antiprotons
in ) .
GeV/c N = 10 metres - = 20 metres

3 4700 11000

4 1000 2600

5 220 - 580

6 : | 59

7 . .

8 . .

b) Purity of the Beam

The solid angles and momentum bites used in the calculation of

fluxes given in Tables 9 and 10 were chosen so that only one sort of strongly
interaéting particle should be present after the mass slit. However in order
to decide on the feasibility of a given bean account must be taken of the
p~meson contamination.

With a suitable disposition éf coliimators and bending nagnets
between the mass slit and bubble chamber the contaminating p-mesons can be
restricted to those occupying théisame phase space and momentwia bite as the
wanted particles. .-
| Using the so0lid angles and momentun bites of Table 8 we have cal-
culated the mumber of contaminating p-miesons to be compared with the fluxes
of K+, K , P of Table 9. The nethod of calculétion is discussed in Appendix 1,
the results of the calculation being given in Table 11. Because of the
simplified method of calculation used the figures given are.not exact but it
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is uniikely that they“afe more than a factor 2 in error.
The purity of the antiproton beams is reasonably good but the

impurity'of the kaén beaﬁé niay not be tolerablé.

Table 11
Momen tum Muon Contamination
in ) —
GeV/c K-Beans P——Beam
3 27 450
4 6.2 . 88
-5 0.24 11
6 . 2.8
T . 0.65
8 . 0.055

Ways of inmproving both the fluxcs and purity of ‘the K-meson beans

are discussed in the next section.

Limitations of Bean and Possible Improvements

Designing a general purpose besm necessarily® involves compromise
and it follows therefofe that the proposed beam layout will not be the ideal
one for all particles at all nonenta. In particular one could argue that the
K-meson beans have neither sufficient intensity nor purity for use with the
NBC.. Modifications to the layout of Figure 2 might ensble marginal improvements
in bean intensity and purity to be made. - - .

Tt is clear from Figure 1 that if a smaller production angle than
9O were used then a useful increase in intensity could be ovbtained. Now

8)

particles of momentunm 3 GeV/c at an angle of 50. It is edsentially a C-

.G, Petrucei at CERN has designed a special magnet which accepts secondary
shaped nagnet with hyperbolic pole-pieces and a neutral pole, the latfer also
serving to reduce the stray field in the PS Vacuum Chember to negligible pro-
portions. The effectively quadrupolar field bends and focusses the particles

PS/3121/rmn
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produced at the small angle in such a way that they niss the PS Fringing .
Field. - | - S

| The Lagnet which has a solld angle acoeptance of 4210—4 steradians
has been designed for use with the Lundby bean in the North Experlmental Hall
of the PS. The magnet should be ready by the end of Pebruary 1962. If the
magnetic field measurements give an indication that any aberrations will be
small then it may be worthwhile constructing a sinilar magnet for use in

the East experimental area. , , -.‘ - | K ‘>”1

At momenta greater than 3 GeV/c the nagnet accepts partlcles at
slightly larger production angles. It may also be necessaryuto.replaoeusoue
of the pole pieces but this is arranged to be a simple operation.

Fron Figure 1 it may be estimated that the special magnet will yield
an increase in intensity of the order of a factor 3 over the momentum range
for which it is used. 4

The bean energes parallel in both planes from the nagnet, which
could be followed by a bending magnet and a lens triplet (or doublet), to
bring the beair to a double focus. in. Q4,. the. rest of. the beam. layout being- -
the same as already proposed _

However it is unlikely that really intense beams of K mesons will
be available at the NBC until there is an ejected bean. This could be used
with an external target. Even allow1ng for the loss of partlclos at eJectlon,
and the lower efflslency of an external COLpared w1th ‘an internal target a
_oonslderable gain in K-meson intensity will arise from two sources. First it
ﬁill be posgible to use partiples_produced around Oo, a resulting gain of a
faotor.lO or more being deduced from Figure 1.. Second, - the. flight path from
Target to bubble chember can be made nmuch smaller with. a consequent. smaller
decay loss. If a flight path of 1ZQ metres is taken as reasonable'for.a
separated beam then at_B.GeV/c the gain fron tbis source would be a further
faotor of 14.5. | , .

v It should perhaps be remarked that by using Radie.Frequency (R.F.)
Separators in ConJUQCthH.W}th the ejected beam it should be possible.to .

obtain separated secondary‘particle beans at much higher nomenta than hitherto

PS/3121/1mn
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Conclusions

Using the proposed beam layout it sSeems certain that beams of anti-—
protons up to 8 GeV/c uomentun, and of plons and protons up to around 10 GeV/c,

of sufficient intensity and purlty for use with’ the NBC could be readily

~ obtained. " The only changes nccessary in going from type of particle to another

would be’ ‘changes 'in magnet currents and in the ‘openings of adgustablc collima~

"~ tors. It should be possible to calibrate the bean for the whole range of parti-

cles at the beginning and have magnet currents and collinator openings tabulated.
The ‘situation with regard to K;-— nesons is less certain. The intensity
and pﬁrityfof thesé beans with the proposed layout may not be adequate. However
by using a special magnet near the target and by nodifying the early stages of
the beam usegble K-meson beams could be obteined.
: . It nay however be_besﬁ_to perforn pion, protoﬁ‘and antiproton experi~
nents first with the NBC, and wait until the ejeéted bear is avaiiable before

embarking on K-meson experiments.
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Appendix 1

A Pirst Order Bstimate of u-Meson Contamination

We indicate here how an approximate estimate of the number of con~-
- taminating p-mesons in the beams erriving at the bubble chamber can be made.
We consider first unseparated beams and then consider the effects of separa-
tion on contamination.
Let us consider a paraxial pion at the nominal bean momen tum.
The probability that the decay muon will fall within.thé nomentun bite
¥ 5P/P is given by

F = 2.34 &P/P : - (1)
These muons are essentially uniformly distributed over a cone with solid angle
.ﬂ_o =4 FC ‘ (2)

Where,l/C is the probability per unit solid angle at small angles.
Let us suppose we have a mass slit of area A. The solid_angle

subtended at a distance 2 along the axis is

2
=4/ S B
Now we will have /1 = qu when ,E = {jo (say) ie..the cone of

particles within the momentum bite just fill the mass slit when
R Y ’
N ES | @

For k <;zQ all the particles in the cone will pass through the mass slit
whereas for ,8 > e only a fraction /Q /fﬁ 2 get through.

Let A be the decay length for pions. Then if A zrgb it is easy
to show that for a pion in the region of the mass slit the probability that
it will decay and that the muon is in the momentum bite and will pass through

the mass slit is
p & 2F 4 /n (5)

If N is the total number of pionms still surviving at a distance

Q,o from the mass slit then the number of contaminating rmuons will be

N, o= M (6)
PS/%121/rmn
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i

This is our estimate of the muon contamination for unseparated

beanms.

These ideas are simply extended to separated beams as follows.
Let S be the separation at the mass slit. Then we introduce a low velue cut
t
off to ‘E at {Lo such that the radius of the come of porticles within the

nomentun bite is equal to the separation, ie.

£, =f;§/-.s (7)

It is easy to show that the number of contaninating muons Np' in

this case is given by

2

Np' = 5y . Np (8)
(0]

It is the values of Nu' calculated in this way that arc given in
Table 11.

However for reference the values alloted to the various parameters
are given in Table 12 for the K beams and Table 13 for the antiproton beams.

Tt must be emphasised that thus is only meant to be a first order
calculation, However it seems unlikely that the estimates of contamination

should be more than a factor 2 in error.
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Table 12
lonentum jE
erw o F C A, o A N Np S Lo !
GeV/c Sterad o retres |uetres netres | netres
-2 -3 -3 5 -2
3 1.99x10 1.2%x10 1.24%10 7.12 | 165 [1.0x10° | 170 16.2x10 22.2 | 27
4 11721072 | 6.96x10°% | 5.2¢107% 4 5%10°
7% . -2x10 8.00 | 220 |2.9x10 25 12.6%10 16.1 6.2
5 m.u#NHO|w 4.46510°% | 2.671074 15.79 | 275 |2.6x10° | 0.70 H.wxponm 22.6 0.24
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Table 13
H_..FOHMMB&SB F c A 5 \@\ o N Yy By S \@\ o! Nt
. sterad metres netres | metres netres netres
GeV/c
~ -1 -3 -3 5 -1
3 1.12x10 1.2%3x10 4,66x10 5.80 165 6.9x10 5500 2.3%x10 35,2 450
4 4.22210°° | 6.96x107% | 2.02x107 | 8.29 | 220 |2.2¢10° | 700 | 1.01x207T 33.0 | 88
-2 - - -
5 1.55x1C 4.46x10 4 H..O%MHO 5 12.25 275 KTmuﬁ_,ob. 66 5.2x10 2 %5.2 11
s - - - -
1 6 1.17x10 3.10x10 4 6.0x10 4 12.85 330 - H.ﬁ&buﬁ 12 3.0x10 2 28.0 2.8
) - - -
7 1.00x10 2.26x10 4 3.8x10 4 12.96 385 w.wu&.ow 2.3 1.9x10 2 22.% 0.65
8  13.x0” [ 1.mxo™t | 2.exio™ |21.28 | 440 14.9%10° | 0.16] 1.3x10°2 | 50.2 | 0.055
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