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INTRODUCTION

v-rays are not produced directly in nuclear collisions; they
result from the decay of other particles produced in strong inter-
actions: namely pions (neutral), kaons, and hyperons. In all these
cases, but for the 20,, the Y -rays result only from the 7 o--cha.in of
the decay. Because of the short lifetime of the 7 _0(,."..' 1.6 X‘,10—16sec)
the Y -rays originating fror_n directly produced 7r°_ aﬁd also from mesonic

. . o .
and baryonic resonance states that decay into 7 are considered as

prompt Y -rays. This category includes as well the Y -rays from the

5% v+ A° decay with a lifetime of < 10 T sec. All other y-ray
sources have lifetimes of "“'lO—lo sec or longer, and yield delayed
y-reys. The main purpose in this experiment is to detect y-rays from
hyperon decays connected with the processes:

z’+->P + 77°—>p + 2y (T2+ = .8 xlO—10 sec) and Ao->n +7ro—> n + 2y

, (TAO =3 X 10,’1O sec). These ¥ -rays are of particular interest because

they are connected with the baryonic component produced in nuclear
collisions. There is some evidence from cosmic-ray work at higher
energies ( 2 1000 BeV) that in the c.m.s. of the collision little energy
and momentum is transformed to the directly produced o mesons, while
most of the energy end momentum is retained by a single forward nucleon
(the primary). This "forwerd" nucleon is very likely to be ejected as

a hyperon 1 if strange parp}c;e production is copious, In this case

the delayed,yv—raysnwillvbe associated with the forward nucleonic com-
ponent, K+—particle production at 27 BeV(Z) is estimated at ~ 2%% of all
neutral pions and K_/K+ = 1/2. This corresponds to ~12% of hyperons
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per WP under- the assumption that strangeness —1 anti~hyperon pair
production is necgligible. Now the average number of neutrsl pions
produced at 27 BeV is ~2.5 per interaction in emulsion, so that on the
average L/B of a hyperon is produced per interaction. We expect that
some of these hyperons, but not more than 1/2, will be "forward Baryons",
Thus =t best there are 0,16 forward hyperons per interaction. One of the
objects of this experiment is to detect these hyperons and to estimate
their rate of production end to Find out what proportion of them (if

any) belong to the forwcrd baryonic component in the sense that they

carry most of the prlmsry energy and momentum.

Another delayed vy =ray component of the same llfctlme arises -from
the decey - Kl‘*ﬁ + ﬂ'*~47’ with a2 lifetime of @ = lO ““‘seces - The in-
tensity”of'this~Y —ray component is of the same order of the delayed
hyperonio5COm§onent.: The ‘delayed kaonic Y -rays are of mesonic origin
and We'hopeito'distinguish'bétween them and the hyperonic iy -rays on the
general assumption that forward baryons arc emitted with hlgher energies
and with a more collimated angular distribution than mesons. According
to this assumption the Lorentz factors of forward hyperons and kaons are
estimated to be Yg 2 15'and‘YKo.:‘4 respectively. This factor of about
4 in the Lorentz factors has a double effect in favour of detecting -
forward hyperonic Y-rays: (1) it will shorten the decay m;f.priof the
x° by a factor of four and (2) increase its angular~épféad in space by

a factor of sixteen.

EXPERIMENTAL ARRANGEMENT

It is proposed to use the 27 BeV scattered proton besm of the PS .
to detect delayed ¥ -rays of hyperonic origin. A useful expefimental
arrangement is fone’ that: (1) selects delayed Y -rays againsnfthe back-
ground of the prompt ones, and (2) prefers ¥y -rays resulting from the
decny:of'the hyperonic component. Our éipefimental‘arrangenent is shown

in Fig. 1.
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The scattered proton beam produces nuclear interactions in a
production layer. In order to produce as nmany forward baryons as
possible the production layér has to be made of light material. In
the present experimental arrangement we use a rectangular production layer
nade out of carbon with dimensions a =1 or 2 cm wide, h = 10 ¢m high
and X = éO cn long. ‘The interaction mefep. in carbon with density
‘? =‘l.5 feur cm3 is Nt = 39 crn. In order to estimate the expected
numbers of the various components which emerge from the production layer
the following assumptions were made: (1) 411 particles travel parallel
to the prim ry direction. (One dinensional casgade). Corrections for
angular sprcad are made in a later stage. (2) "Forwarda" hyperons are

produced with a Lorentz factox'yy = 15; the various different hyperonic

states E+; EO; 27 end-A° are equally produced, and they have the same

interaction m.f.p. as nucleons. Thus the attgnyation n.f.p's including
decay in flight of gt and A (withyf= 15) in carbon are: KZ+‘ = 17.6 cm,
}Ao = 29.8 cn respectively. (3) The average Lorentz factor of the K-
mesons is YK = 4, so that the attenuation m.f.p. including decayuin
flight of the K° in carbon is xKo =9,2 cn. (4) The attenuétion Mefepa

of 27 BeV protons in carbon is 50 cm.

The expected intensities of particles that emerge from the production
layer, as a result of the bombardment of 107‘protons/cm2 are given in
Table I, For comparison, intensities resultihg from production layers

of lead and cerbon of different length, x, are also included.
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TABLE I

PRODUCTION LAYERS

Particles Produced in Different
Production Layers per 107 protons/cm

. 27.5C + 82.5C +
. Ccmpement 60 cm C 60 .cm Pb +5 Pb + 5 Pb
Pfompt Y -rays 1.5 x 107 610" | 8.6 x10° | 2.8 £10°
6 .5 6 6

27 BeV Protons 3 x 10 3 x 10 4.3 x 10 1.4 x 10

. 7 6 7 7
Sec.Charged Part.] 1.9 x 10 4.,25x 10 - 2,0 x 10 1.4 x 10
K 5.4%10° | 1.4 %100 | 12.5%10° | 4.2 x 10°
st 1.4 x 105, 2.7 'x lO4 23 x 105, 1.0 x»105.

Next we teke advantage of the highly collimated nature of the
forwérd”hyperonic beam'and*its’iong lifetime to detect delayed y-rays
bf‘hypefonic origin., To this end a narrow (2 =1 or 2 cm wide) and
long (5 = 55 or 96 cm long) tunnel is put immediately after the pro-
duction layer. The walls of the tunnel are made of lead. Nuclear
emulsion detectqrs (to_detect eléétron pairs) are placed 192 cm.from
the face of the production layer in a plane perpendiculér to the beam
direction, and at b =1 cm away from the centre of the beam to avoid
the primary protons that peneffate through the production layer, and
go along the tunnel. In this arrangement the emulsion detectors for
b > 3 cm are shielded by the tunnel shielding ageoinst any component that
emerges directly from the face of the production layer. Thus, practi-
cally no secondary charged particles or prompt Y -rays produced in the
production layer will reach the emulsion detectors directly. The only
components that can reach the emulsion detectors are (1) Decay products
of strange particlesi.e., (a) delayed vy -rays from the deccy of Ko,jxo

and Z+, and (b) nucleons and pions from the scme and similar decays.
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-5 =

(2) General background of particles including particles from secondary
and higher order interactions in the verious absorbers shielding the

arrengement.,

The expccted intensities of delayed y -rays fromv the decay of
KO, Ao, and2+ for a pi’imary bean of 107 protons/ cn12 were calculated
on the éssumption that thesc threc components trevel parallel to the
primary direction. In this case the anguler distribution of the Y -rays
is
dN 1
d(cos é)

=Y2(l - [ cos 6)2

where ¥y is the Lorentz factor of the parent particle. Some results
for diffcrent tunnel lengths and dimensions at positions b = 3 em and
b = 6 cn to the centre of the beam and at y = 192 cnm away from the per-

péndigule.r face of the production laycr are summerized in Table iI.

TABLE II

Number of Y/cm2 for 60 cn C Production Layer for lO‘7

Protons/ cm2 at y = 192 cm from Carbon Face

55 55 9% 96
Component = 1 1 2 )
= 3 6 3 6
Prompt ¥ -rays 0 0 0 0
(o]
K o7 32 1.2
ha 210 70 302 51
° 855 285 1500 356
z ; A 39 59 56 340
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DISCUSSION

1t appears from Table II that our experimental arrangement is
capable of sorting out the delayed y -rays of hyperonic origin from
the prompt 4 -rays and the delayed kaonic ¥ -rays. The:preferréd i
arrangement is with a = 2 cm and & 96 cm long tunnel. The éxpected,
infehsity 6f ¥ -rays of hyperonic origin at b = 3 cm for a primary
flux of 107 protons/cm2 is 1800 Y’/cmz. The number of Y -rays that
will materialize as electron pairs ih scanning l-cm 6f emulsion normal

to the ¥ -ray beam direction is AX x 1800 x .06 , where AX is the

distance scenned in the beam direction, To reduce cascade effects

AX<<<3 (the radiafidn length in emulsion) and a reasonable value is'

.AX 7 cm., so that the number of electron palrs is 18 per linear cm.

per cm in the beam dlrectlon. Now thls estlmute is only from 1nter—
actions occurringin 1 x 2 cm2 of the cross-section of the production
layer. However the production laycr cross-section is 10 times larger

(2 x 10 cm%féﬁd s0 is the number of expected Y -rays. However because

of the geometry of our experimental arrangement, an emulsion pellicle
detector will not record with the same efficiency all pairs originating
from unstable secondaries at different parts of the production layer
cross-section. We estimate a gcometrlccl overall detectlon efflclency

of O 5 so that the expected number of pairs from the whole cross—sectlon
of thc production layer at b = 3 is 90 pairs per linear cm per 1/2 cm -
in the beam direction and at a position‘b = 6 cm the corresponding number
is 20. A fair intensity for an emulsion expefiment is 10 pairs in

these units so:that our experiment is certainly feasible, Moreover,

even if the number of forward hyperons is smaller by an order of magni-
tude than our expected number we shall bé able to detect them. Thus,
with our experimental arrengement we should be able to demonstrate the
existence of the forward hyperonic component if it is of the order of 0.01

per nuclear interaction.
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Moreover if this component, does exist we may, by using different
tunnel arrangenents, and by measuring the intensities of Y -rays at
various positions, b, deduce the energy spectrum of the forward hyperonic

component.

An additional check on our assumptions can be realized by measuring
the energy of the electron pairs. This is in fact necessary to obtain
the forward hyperonic energy spectrum. These measurements can be made

by well known techniques in nuclear emulsion.

The ¢y -ray background will come mainly from KO decays and it is
quite small: 2% at position b = 3 cm and 0.3% at b = 6 cm.  In reelity
this background is even smaller; because in estimating the Y -rays of
kaonic origin it was assumed thet all K-particles are emitted in the
forward direction parallel to the primary direction like the forward
hyperons., However, this is not the case and in reality the kaons are
emitted with a much wider angular distribution then the forward hyperons

s0 that the relative number of ksonic delayed y -reys will be even smaller.

No estimate was made on the general background of charged particles
in the emulsion detector. However from observations of nuclear emulsion
plates directly exposed to the primary beam one finds thet electron pairs
can be detected fairly well in a flux as high as lO5 primary protons/cmz.
The detection of electron pairs in a dense besm is limited because of the
highly collimated nature (tracks look like pairs) of the primary beam;
an uncollimated intensity can be even higher than 105/cm2. Now in our

xperimental arrangement, the collimated proton flux in the centre of the
tunnel (at b = 0) is 3 x 106/cm2. The secondary flux at b >3 is much
lower and uncollimated, because it can reach this position only by cas-
cading through the lead shield, and thus it will not (to our best Judge-

ment) deteriorate strongly the conditions for elcctron pair detection in

nuclear emulsion,

References: 1. B. Peters, Report at 1961 International
Conference on Cosmic Rays, Kyoto, Japan.,

2. V.T. Cocconi: Phys. Rev. Letters, 5, 19 (1960)
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Additional comments on background

The nunber of background pairs originating from nuclear inter-
actions in the emulsion detector in the first AX cm of the emulsion

Ax)2
( ) where: N is the flux of strongly interacting

‘block is. o

- . A K particle t the cmuls1on edge, Wﬁ is the aver e
number of neutral pions produced per nuclear intcraction by these partlcles,
x and x are the pair productiion end nuclear intcraction m.f.p's in emul-
s1on rospectlvely The number of peirs originating from delayed y -rays

" are given by _1;,_ where NY is the flux of delayed Y -rays at the

% ol AX
_emulsion. The ratio background to signal is TN o
‘ n

two sources for .nucleons and pions at the emulsions. (a) Secondaries

Now there are

. entering the tunnel from the face of the carbon layer and (b) secondaries
from hyperon decay in the tunnel. The number of secondary charged particles
at the face of the production layer is 1.9 x 107 particles (for lO7 primary
protons, see Table I). Most of these seconderies are pions, however, we
may add some ZQ% to account for possible neutrons, this will meke it

2.3 X 10'7 particles. Now using the angular distribution of Jain et al.,
Nuovo Cimento 21, 859 for 28 GeV/c protons we find that 10% of the secon-
daries arc emitted within 50 to the primary direction. Hence only

No = 2.3 X lO3 cm_2 pions and nucleons will reach the emulsion surface.

A 28 (GeV proton produces on the average 2.5 neutral pions per interaction,
secondaries of this proton will produce less neutral pions, say 1.5 per
interaction. Using Xn = 37 cm for the interaction m.f.p. in emulsion one
. finds a background of 2.6% at position b = 3 cm, and a background of 12%

at position b = € cm. This is the ratio of pairs produced in the emulsion
by secondaries from the carbon loyer to pairs produced by the delayed ¥ =rays.
One has to keep in mind, however, that this ratio is an upper limit to the

background, beceuse these secondaries have to cascade through the lead shield

in order to reach the emulsion.

Next we consider the background from the decay of hyperon. Now for
every Y -ray from E(or A) decay there are 3.5 (or 2.5) nucleons and pions,
so that the ratio NO/NY' = (Nucleons + pions/Y ray) in the emulsion is 2.7.

(This ratio is practically independent of the position at the emulsion)
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Additional comments on background

o=

Assuming that on the average these pions and nucleons will produce only
two neutral pions per interaction, the relative expected background is
7%. Therc is o basic difference between this background (b) and the
one connected with the cherged sccondaries (a). The first one (b) is
directly proportionai to the intcnsity of the delayy-roys, end so it
will always contribute T% te the background, whercas the other type (a)
is less favourable; it is independent on the hyperon flux, and there-

fore puts a limit to the detection of delayed vy -rays.
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