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INTRODUCTION

We propose an experiment to study the two reactions

ﬂ—p > K+Z- (K+ forward) (1)
ﬁ_p > dp (deuteron forward) (2)

which present an "exotic" t-channel, at 5 and 8 GeV/c incident pion
momentum. In the first part of our proposal we will briefly recall the
physical aim and the experimental knowledge we have about these reactions.
The second part presents the experimental method and apparatus we intend
to use, and the background problem is discussed. The third part puts

forward our needs at CERN and a proposed time-table.

PART I

PHYSICAL INTEREST

The effects of cut contributions, in hadron collisions, have become

)

more and more importantl) since the measurement’’ of a non-zero polariza-

tion in the charge exchange process T p - T'n at high energy, which cannot
be explained by the Regge-pole contribution alone. The experiments which

have been performed up to now with good accuracy are studies of reactions

where the cut contribution appears as a competitive phenomenon between

cuts and usual trajectories; this situation has two disadvantages:

i) the cut contribution, in order to be understood, has to be separated

from others and appears as a perturbation;

ii) the cuts introduced in reactions where usual trajectories are allowed,
are of the type '"Pomeron X Regge', which is not very satisfactory
since one does not know precisely what the Pomeron is.

3)

As Phillips pointed out, as early as 1967 , a direct way to in-

vestigate cuts of the type "Regge X Regge'" is to study processes which

proceed through an exchange of '

4)

Berger ° has noted that when there are more than two bodies in the

'exotic" quantum numbers.

final state, it is difficult to select the true "exotic" exchange owing
to the possible kinematic reflections. Therefore, the simplest way to

study exotic exchanges is to look at real two-body processes.
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We have chosen two reactions induced by pions [reactions (1) and
(2)] because the high flux one can get with pion beams gives the possi-

bility of observing the expected small cross-sections with good statistics.

OUR OBJECTIVE

We propose to measure the behaviour of the forward differential

cross—-section at 5 and 8 GeV/c incoming pion momentum.

The momentum transfer range covered will be:

toin > -t > 0.3 (GeV/c)? for reaction (1) at 5 GeV/c
toin > -t > 0.35 (GeV/c)? for reaction (1) at 8 GeV/c
toin > -t > 0.85 (GeV/c)? for reaction (2) at 5 GeV/c

toin > -t > 0.9 (GeV/c)? for reaction (2) at 8 GeV/c

This will answer the questions regarding:
a) the presence of a forward peak;

b) the energy dependence of (dO/dt)t=O;

c) the presence of a forward dip, as in the Tp or Kp charge exchange

processes; and

d) if the shape of the differential cross-section is eat, the value of

lla" .

Michaels) has remarked that, if the reaction is described by the exchange of
a still undiscovered "exotic" particle, this particle should be heavy (if not
it should have been seen). Therefore, if its trajectory is parallel to the
other known trajectories, the intercept with zero will be very low. In

the case of reaction (1), the "exotic" particle will be a K* (1 = %). 1f

one assumes that the spin-0 state has a mass of 1700 MeV, one obtains

0(0) = -3, while if the reaction is governed by a cut exchange, one will

»6)

5 .
expect an intercept

a(0) ~ a(0); + a(0), -1,

where 0; and a, are the two trajectories involved in the double exchange .

*n

In the case of reaction (1), which can be described by a "p X K™" cut

(see Fig. 1)
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0 (0),

a(0), = aK*(O) ~ 0.2

ap(O) ~ 0.5

and we obtain a(0) =~ -0.3.

In case of "exotic particle exchange', one then gets the prediction

[do} - [s ]—8
b
dt £=0 Sy

)

while in the case of a cut one gets6
[SJZEOLl(O)wLZ(O)]—& [s}‘z-ﬁ

[d_o] s _ s
dt - 2 B 2 °
t=0 S S

log [So] log (g;}

Figure 2, where we have normalized the two predictions at 5 GeV/c, shows

that they differ by a factor of five between 5 and 8 GeV/c.
7)

An interesting prediction has been found by Dean ° in the frame of a
simple quark model. Assuming that the two elementary reactions involved

in the double exchange are of the form

he obtains for the double exchange

do _ ___AB____(ab/a+b)t
dt (A + B)? ’
Reaction (1) (cf. Fig. 1) involves the ﬂ_p charge exchange, for which

8 . . .
a=x 11 ), and the associated production reaction
+—
m™n > KX .
. - .. . +o—
Assuming that the slope of m p > K2 is identical to m'n >~ K % , one has

b=7 ?) and consequently a slope of about 4 (GeV/c)™? for the double ex-

change. Our experiment will be a good check of these simple hypotheses

of Dean and Michael.

OUR EXPERIMENTAL KNOWLEDGE ABOUT TWO-BODY EXOTIC EXCHANGES

Up to now our knowledge is quite poor and is based on very low

0)

AP . . .
statistics . The only observed forbidden peaks are in the reaction
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PP~ bl (K*1 = 3 exchange)

for which the CERN fast p groupll)

observed 12 well-identified events,
corresponding to a cross-section of 1.3 * 0.4 pb at 5.7 GeV/c incident
p momentum (see Fig. 3). A second forbidden peak has been reported by

12)

Lehmann in the K p backward elastic scattering at 5 GeV/c K incident
momentum:

K-p > pK (Z* exchange) .

This peak was a preliminary result of a spark chamber experiment, and
corresponds to a cross—section of 0.1 pyb (integrated over the peak) based

on 30 observed events.

WHAT CAN WE EXPECT?

4.1 Reaction (1)

The reaction ﬂ_p - K+Z_ has been studied with bubble chamber tech-

13)

niques at momenta up to 4 GeV/c.

This experiment shows that the I is strongly emitted forward, and

-3.8
lab ~ -
mechanism. Figure 4 shows the behaviour of the total m p > K I cross-—

that ‘the total cross-section falls as p as for a baryon exchange
section found in this experiment. This figure shows the same result,
but limited to the forward hemisphere (i.e. for 0 < cos 6K+ < 1 in the
c.m.s.). From these plots one sees that it is difficult to get a pre-
diction just by extrapolating the results, therefore we propose two

estimates:

Hypothesis 1: The last three points indicate a cut effect, and then the

cross-section (K+ forward) for P~ > 4 GeV/c is decreasing slowly with

energy. We call this estimate "optimistic'"; this leads us to

o (K+ forward) optimistic ¥ 0.35 pb at 5 GeV/c
o (K+ forward) optimistic ~ 0.1 ub at 8 GeV/c

Hypothesis 2: The last three points indicate nothing and are just

statistical fluctuations; the cross—section falls with the same slope.

We call this estimate '"pessimistic'; it gives

0.04 ub at 5 GeV/c
o] (K+ forward) pessimistic = 0.003 pub at 8 GeV/c.

Q

+ . e
0 (K forward) pessimistic



4.2 Reaction (2): T p - dp

To our knowledge, this reaction has only been studied by one group,

in 1963 1“). The cross—section has been found to be 16 + 10 ub at

4.13 GeV/c and Sj ;2 ub at 4.95 GeV/c. These momenta are not far from
threshold, which is 3.74 GeV/c, so one can expect considerable fluctua-
tions with energy. Another point is that no angular distribution has
been obtained, therefore we cannot predict what we will observe when the
deuteron is emitted forward. Our experiment will therefore be an ex-—

ploration of this reaction.
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PART II1

EXPERIMENTAL METHOD

1.1 The apparatus

The experimental set-up we intend to use is shown schematically on

Fig. 5.

The m beam, with a flux of 10% 7 per PS cycle enters the 60 cm
long 4 cm diameter H, target. The direction of the incoming T is re-

corded by two sets of proportional chambers.

The H, target is surrounded by two 12-element cylindrical hodoscopes,
the inner being sensitive to charged particles and the outer one, made of
a lead-scintillator sandwich, to y-rays. We have calculated on the
assumption that they are 707 efficient for y-ray detection and 57 effi-
cient for neutron detection. A second set of Y detectors (807 efficiency)
is placed in front of the bending magnet, covering the whole solid angle
where y-rays may escape, except the forward region where the beam and the
forward accepted K" and d go through. The charged particles emitted
forward are analysed in momentum and direction by a standard CERN 2 m
bending magnet placed between two sets of proportional chambers
The magnet bends positive particles towards three telescopes, and
the hot T beam on the other side. The three telescopes are identical
and consist of three threshold Cerenkov counters each (one detecting the

kaons and two set on pions) providing a rejection against pions of 107",

The acceptance of this apparatus has been calculated by the Monte
Carlo method and is shown as a function of the momentum transfer in

Fig. 6.

1.2 The electronic decision

The decision to record an event will be made at two levels:

- by a counter logic

- by a correlation between two wire planes.

1.2.1 Counter logic

Let us define some logic signals:



-7 -

P : one pion entering the target;

Co : no charged particle in the inner cylindrical hodoscope;

C; : one and only one charged particle in the inner cylindrical hodo-
scope;

CB : one or more charged in backward direction, outside of the inmer

cylindrical hodoscope;

one charged in one and only one telescope;

' : one or more Y-rays detected around the target by the outer hodo-
scope or by the Y detector in front of the magnet;

K : a kaon signal from one and only one telescope;

: a pion signal comes from one or more telescopes.
Thus the counter logic conditions for reaction (1) will be:
Ry = (B) x (C1) x (T) x (K) x (m) X (T)
and for reaction (2)
R, = () % (Cy or Co) x (T) x (Cp) x (K) x (M) x (1) ,

where (A) x (B) means condition A and condition B true, A meaning condi-
tion A false. We discuss below the background induced in such trigger

conditions by reactions other than reactions (1) and (2).

1.2.2 The correlation

Let us define y; and y,, the ordinate before and after the magnet,
+ . . . . .
of the forward K or d, in the direction perpendicular to the beam axis

in the horizontal plane.

A given y; corresponds to an angle O of emission with respect to
the beam line with a certain uncertainty A8 (A6 depending on beam size
and divergence, target size, and gap height of the magnet). For a simple
two-body reaction, a fixed 6 corresponds to a defined momentum, so a par-
ticle emitted in such a collision and entering the magnet at an ordinate

y; emerges at a point yp * Ay,.

Figure 7 is an illustration of this correlation effect in the two-
body case of reaction (1) T p ~ K'Z” at 5 GeV/c and in the case of the

reaction

ﬁ—p + ¢n . - (K+ detected by the telescopes)
L— KK
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This figure is the result of a Monte Carlo calculation, taking into

account all the resolution effects.

Measuring y; and y, with two wire planes of Charpak-type chambers
and a diode matrix, we will know if the correlation condition is fulfilled
within less than 1 usec. We intend to use this condition as a precaution
to reduce the number of triggers and thus the beam time lost in reading
out the chambers. The effects of this correlation condition on the trigger

rates is discussed below.

1.3 The background problem

In Part I we have seen that the cross—sections we are looking for
are of the order of several per cent of a microbarn. At this level the
background induced by all the dominant allowed reactions has to be care-

fully taken into account.

1.3.1 Background in the K'2” final state

a) Induced by two-body reactions

If one considers the associated production reaction
mp > KA° (2%)
)

. . 9 . .
where the K° is strongly emitted forward 7, it produces a K beam in the

target which, by the reaction
+
K°p >Kn ,
. . . . + .
produces K" with the same kinematical properties as K of reaction (1). For
a 60 cm long Hy target, one gets an '"apparent" cross-section for this double
process of 0.09 ub at 5 GeV/c. This is the most dangerous reaction,

. . . to— e
since it has the same order of magnitude as expected for the K' X final

state and the same reconstructed invariant mass.

As shown in Table 1, our two cylindrical hodoscopes suppress this

contribution strongly.

+ . . .
b) Induced by a K _associated with two_or more_bodies

5)

. 1 . .
We have mainly used the work of Dahl et al. » Which 1s a systema-
tic study of strange particle production in T p collisions at momenta up

to 4 GeV/c, as an input to our calculation.
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Selecting all their observed final states where a K is present, we
have simulated with a Monte Carlo program 20 different multi-body final
6)

. . . . . P 1
states representing the different configurations in a pessimistic way .

The corresponding contamination is summarized in Table 1.

c) Induced by pions_and protons

Assuming that a proton has a 17 chance to give a signal in the kaon
Eerenkov counter, we have simulated through our apparatus the elastic
ﬂ-p backward scattering and the backward production of p- and A;. The
contamination due to T emitted forward has been estimated, assuming that
it comes mainly from the reactions
T p > T n

d - -
an mp > N*(1236) (N* - 7n)

taking into account the rejection of 10™" against pions of our telescopes.

Table 1 summarizes all these contaminations.

1.3.2 Background in the dp final state

We ensure with our trigger that the positive particle detected in
the telescope is heavier than a kaon; therefore it can be either a pro-

ton or a deuteron. The reaction of the type
Tp>p+X (p emitted forward)

will then be a background. This background is a problem if the X mass
is such that, when reconstructed assuming that the forward proton is a
deuteron, it falls into the range of the proton mass. This ambiguity
appears at 5 GeV/c when X has a mass around the A, mass. Nevertheless,
the final state is then a multipion system which is strongly rejected by

our target hodoscope counters.

We have estimated the background we will obtain due to the reactions

T p > pﬂ- (proton forward)
ﬂ_p > pp (proton forward)
T p > pAg (proton forward)

The results are presented in Table 2.
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1.4 Conclusion of the background problem, the trigger rate

Tables 1 and 2 show the number of counts expected during 5 PS days
with a safety factor of m, i.e. for 5 x 10'° incident pions. These re-

sults have been obtained with the following hypothesis:
- Precision on incident momentum Ap/p = *0.77%.
- Precision Ap/p = *1% in momentum analysis in the spectrometer.

- At 8 GeV/c the cross-sections of all background processes can be

. . . 17 -
deduced from lower energies using the Morrison law ) g «p n,
where

n=1.5 for non-strange meson exchange

n=2 for strange meson exchange

n=4 for baryon exchange.

- The shape of the differential cross-section for our two reactions
is of the form:

do 4t

— OC

e
dt ’

. . . . 7 . .
which is Dean's prediction ) for reaction (1) (t being the momentum
transfer between the incident pion and the forward-emitted particle

+
K or deuteromn).

- For reaction (1) we have taken into account the possible presence of
a forward dip in the cross-section by reducing it by an arbitrary

factor of 40%. The cross—section is then:

Oopt = 0.21 ub at 5 GeV/c
" = 0.06 ub at 8 GeV/c
= 0.023 ub at 5 GeV/c

pess

" 0.0018 ub at 8 GeV/c

. ) *
- For reaction (2) the cross-section was assumed ) to be:

optimistic = o(m p elastic backward) x 0.1

pessimistic = o(m p elastic backward) X 0.01

at 5 and 8 GeV/c.
We then reach the following conclusions:

The background events are rejected at three different levels:

%) Optimistic and pessimistic refer to the possibility of our apparatus.
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i) The counter logic around the target has a very strong effect on the
highly dangerous background reactions, and reduces the over-all
background trigger rate by a factor of 7 at 5 GeV/c and a factor of
12 at 8 GeV/c.

ii) The correlation y;/y, acts only on the over-—all background trigger
rate, reducing it by a factor of 3 at 5 GeV/c and a factor of 2 at
8 GeV/c.

iii) The analysis will reject events that show, in the chambers placed
between the target and the spectrometer magnet, more tracks than
would correspond to the event. This third level acts on the dan-
gerous background reactions and reduces the number of candidates by

a factor of 1.4 at 5 GeV/c and a factor of 2 at 8 GeV/c.

Figures 8, 9, 10, and 11 show the over—all missing-mass spectrum ex-
pected, after these three levels of rejection, in the optimistic
cases defined above for reactions (1) and (2) at 5 and 8 GeV/c. The

normalization is for 5 x 10!'° incident pions.

2. CONCLUSION

In 20 days running at 5 GeV/c and 30 days at 8 GeV/c, we expect to

reach the following numbers of events:

Reaction (1): ﬂ_p - K+Z_

optimistic: 5 GeV/c, = 20,000 good events + 157 contamination
pessimistic: 5 GeV/c, = 800 good events + 177 contamination
optimistic: 8 GeV/c, = 10,000 good events + 157 contamination
pessimistic: 8 GeV/c, = 300 good events + 857 contamination

Reaction (2): W-p > dﬁ

optimistic: 5 GeV/c, 35,000 good events + 77 contamination
pessimistic: 5 GeV/c, 3,500 good events + 407 contamination
optimistic: 8 GeV/c, 30,000 good events + 47 contamination
pessimistic: 8 GeV/c, 2,500 good events + 207 contamination

By contamination we mean background /(good events + background), background

being the unwanted events surviving all cuts.
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We will then be able to obtain the differential cross—sections, ex-
cept for reaction (1) at 8 GeV/c in the pessimistic case (0 = 1.8 X 1073 ub)

where the background contribution will be too high.
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PART TII

OUR NEEDS FROM CERN

In order to perform this experiment, we will request from CERN:
i) a standard 2 m magnet;

+ -
ii) a m beam of 10° m per PS cycle, working in the energy range
5-8 GeV/c. The T  will be used during a short period in order to

. . . + +_+
calibrate the apparatus with the well-measured reaction m p > K ¥ .

BEAM REQUEST AND TIME-TABLE

Our beam request will be:
i) 3 weeks for testing the whole apparatus;
ii) 7 weeks for data taking.

If a positive decision is taken by the EEC before February 1971, we will
be ready to install the whole apparatus and start the tests at Easter
1972.
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Figure captions

s . - + -
Fig., 1 : Feynman graph describing the reaction ™ p >~ K £ as two

)

simple exchanges "p X K*" used, for example, by Michael®’.

Fig. 2 : Prediction for the behaviour of (do/dt)t=0 as a function of
Pﬂ_ for ﬁ—p > K3
- with the hypothesis of a cut exchange;

- with the hypothesis of the exchange of a heavy yet

unknown "exotic" K* 3/2 state.
The two predictions are normalized at 5 GeV/c.

Differential cross-section for pp £ £ . This figure is

0)

1
from Sonderegger's report .

Fig. 3

.o

):

Fig. 4 : Cross-section for ﬂ—p > K'%” from Dahl et al.'®

a) total cross—section

b) cross—section for 0 < cos 8K+ (c.m.s.) < 1.
Fig. 5 : Schema of the proposed experimental set-up.

Fig. 6 : Acceptance, as a function of t, of our apparatus at 5 and

8 GeV/ec.

Fig. 7 : Correlation effect y;/y2, the points are from reaction
ﬂ—p - ¢én(¢p > K+K_) and the limits from the m p > Kz~

reaction.

Fig. 8 : Missing-mass spectrum expected for reaction (1) in the
"optimistic'" case at 5 GeV/c. This histogram is a Monte
Carlo calculation including all background contributions.
Each reaction is weighted according to its cross-section,
and the number of events corresponds to 5 X 10'° incident
pions. The shaded area corresponds to good events; the

remaining spectrum is the background contribution.



Fig. 9
Fig. 10
Fig. 11
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Missing-mass spectrum expected for reaction (1) in the
"optimistic" case at 8 GeV/c, with the same conditions as
for Fig. 8, except for the weighting of the background
contribution which has been taken as an extrapolation

from 5 GeV/c according to Morrison's 1aw17>

Missing-mass spectrum expected for reaction (2) in the

"optimistic" case at 5 GeV/c, with the same weighting factors

as for Fig. 8.

Missing-mass spectrum expected for reaction (2) in the
"optimistic" case at 8 GeV/c, with the same weighting

factors as for Fig. 9.






dt
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Exotic Exchange
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Fig. 2
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