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ABSTRACT

Data on the reactions w p > pv , pp * v , Kp » pk_ and Pp > pp at 8
and 12 GeV/c are presented. Our results agree with Line Reversal Symmetry (between
xp > pr and Pp » w7 ), Regge pole behaviour for non exotic reactions
(v p>px, Pp~ «'n), and universal behaviour for exotic reactions (Bp * pp,
Kp - pK ) with do/du]u=0'~ s '° excluding the existence of a "glory” mechanism

in pp elastic backward scattering in our energy range.
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INTRODUCTION

Backward scattering is an interesting and open problem. In reactions
where the quantum numbers required for the exchange in the u channel cor-
respond to well established particles or resonances there is a pesk in the
differential cross;section near u = 0 with a weak energy dependence

2 to s7?). This behaviour has been explained in Regge pole models by

(~ s
the exchange of Regge trajectories. On the contrary, when no particles or
resonances can be exchanged in the u channel (exotic reactions), no back-
ward peak and a strong energy dependence of the differential cross-section
at u = 0 is normally observed. However, twelve years ago {1}, backward
peaks were reported in K p » pKk and in Pp * PP at an incident laboratory
momentum of 5 GeV/c and the measured value of the differential cross-
section at u = 0 was compatible with the strong energy dependence

(~ s %) established in a lower momentum range by previous experiments
{2,3}]. We note that a similar strong energy dependeﬁce is observed in the

large angle region (60°-120°).

The main purpose of the present experiment was to measure Pp backward
elastic scattering at energies higher than 5 GeV/c in order to verify
whether the mechanism responsible for the observed backward peaks at
.5 GeV/c implied any change from the strong energy dependence to a weaker
one in the differential cross-section at u = 0 or ﬁot. Such a behaviour
was sugggsted in analogy with the classical optical phencmenon known as
glory scattering. Oﬁher two-body reactions were also studied in the

backward region.

We present here the results obtained for exotic (K p » pK , Bp * pP)

and non exotic (m p » pr , pp » 7 v ) reactions in the backward region at
8 and 12 GeV/c.

A fair agreement between our results in 7 p » pr and those published
for the same reaction and range of energy [4-7] is reported;

Bp > vt
jdentical conditions. Systematic errors in the comparison of these two

and v p » pr data were measured, at 12 GeV/c, under nearly

reactions were, therefore, minimized. These two reactions have the same u
channel exchange gquantum numbers. The prediction of Line Reversal Symmetry

for the ratio of the total backward cross—-sections of these two reactions
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was confirmed. Earlier simultaneous measurements had established this

symmetry for incident momenta lower than 6 GeV/c [1,8].

In K p » pK and Pp » pp upper limits in backward cross-sections at
8 and 12 GeV/c are reported. The limit in Pp » pp rules out the possibi-
1ity of a weak energy dependence associated with the previously observed

backward peak at 5 GeV/c.

In Section 2 of this paper we discugs the apparatus and the trigger,
in Section 3 the data analysis and in Section 4 we present the experimental

results. The main conclusions are outlined in Sectiomn 5.

EXPERIMENTAL SET-UP AND TRIGGER

The experiment was performed at the CERN Omega Spectrometer (Fig. 1)
exposed to an unseparated negative hadron beam. Pions were the main com-
ponents of the beam (~ 97%). In order to achieve good sensitivities in
P we were forced to work at the highest possible intensity (2-3 X 10’
particles per burst). The momentum of the beam was measured, with a non
interaction trigger, in the Omega Spectrometer. 1Its standard deviation was
found to be ~ 50 MeV/c. 1In the beam line there were three Cerenkov coun-
ters: two threshold Cerenkov (TCl and TC2) and one differential Cerenkov
counter (CEDAR). At 8 GeV/c, beam identification was obtained using TCl
and TC2, and at 12 GeV/c, using TCZ and CEDAR. Inside the 1.7 T vertical
magnetic field 69 MWPC planes measured the charged particles momenta: 37
in the forward region and 16 at each side of the 60 cm hydrogen target.

In addition, two drift chambers, 4.5 and 5.7 m downstream of the target,
allowed the measurement of forward tracks with an accuracy Ap/p < 1%.

Fast protons were identified by one threshold Cerenkov counter (Cl). A
second threshold Cerenkov counter (C2) established, over a smaller accept-
ance region, that the efficiency in this identification was preater than
99%. A 24-channel cylindrical hodoscope (Barrel) surrounded the target.
In each Barrel scintillator the energy loss was measured which allowed the

separation between v and p for momenta less than 600 MeV/c,

A three level trigger looked for protons with momentum similar to the

momentum of the incoming beam. In the first level, beam definition was



established by the coincidence of four small scintillation counters and all
the electrons and the majority of pions were rejected by a veto signal from
the beam Cerenkov TC2. The second and the third trigger levels were built
in MBNIM logic [9] and gave a first measurement of the fast proton momen—
tum. A correlation betwéen hits in hodoscopes Hl and H2, was required in
the secdnd level trigger. The third 1ével trigger required a finer corre-

lation between H2 and a y plane of one of the last wire chambers.

EVENT RECONSTRUCTION AND DATA ANALYSIS

The purpose of the analysis was to select two body reaction candidates
among all triggers. In order to obtain the best cross—section upper limits
we had to resort to non standard procedures which are summarized hereafter.

A more detailed description is given in Ref. 10.

The normal TRIDENT procedure [l1] was used to reconstruct the fast and
the slow particle trajectories leading to a straightforward kinematical
fit. The efficiency of this procedure was however found to be insufficient
to get meaningful results, mainly because of the small number of planes,
the moderate efficiency and the considerable background in the side
chambers. The sample of v p & pr thus obtained was however used to check

the performance of the alternative procedures outlined hereafter.

A missing mass analysis, based only on the information of the fast
particle and on beam parameters measured in separated beam runs, was good
enough to identify the elastic peak in v p » pX (8MM? = 0.2 GevZ/c*).

However in K p » pX and in Pp » pX a small inefficiency in the beam identifi-

cation gave rise to an important and prohibitive background from v p -+ pX.

A hybrid strategy was therefore adopted: we performed a missing mass
analysis but we reduced the background by requiring a majority of MWPC
planes to exhibit signals in the vicinity of the slow particle trajectory
as predicted from a two body reaction kinematics. A check on pulse height

of the intersected Barrel counter was also made.

The fast particle trajectory was reconstructed by TRIDENT from forward
MWPCs and drift digitizations. Only fast tracks with reconstructed space
points in drift chambers were accepted. The distance between the extra-
polated fast particle trajectory and the nominal beam at the closest approach
point within the target was required to be comparable with measured beam

parameters.



Two body kinematical constraints allowed the prediction of the pos-
sible slow particle paths as a function of the vertex position within the
target. A systematic search for recoil particle digitizations in side
and/or forward MWPC chambers,. starting at the nearest planes from the tar-
get, was done. Whenever a digitization was found a reduced window was pre-

dicted for the next planes from the possible paths and the beam dispersion.

Pulse heights in the intersected Barrel counter, corrected for scin-
tillator attenuation along the scintillator were then compared with calcu-
lated energy deposition using Bethe-Bloch formula. The attenuation length
and the corresponding dE/dx calibration and an average efficiency. (90%) of
each Barrel counter was determined using #p forward and backward elastic
events reconstructed by TRIDENT.

Events with a good missing mas (within a 3 standard deviation inter-
val), digitizations in more than a half of the intersected MWPC planes and
a fair agreement between calculated energy deposition and Barrel pulse
heights, were considered as candidates to two body reactions. This criter-
ion has a global acceptance more than two times higher than complete four
constraints kinematic fits. PFor the case of Pp » pP our procedure is
strictly limited to u > 0.05 GeV/c® where the recoil p reaches gside cham-
bers. In the following we used the reported 5 GeV/c u slope [<|ul> = 0.25

(GeV/¢)?) to account for the small unseen region.

The geometrical acceptance of the apparatus, at each incident beam and
momentum, was determined by a Monte Carlo program. Events were generated
in the hydrogen target (using measured beam parameters) and the scattered
particles were followed through the spectrometer. Trigger conditions were
imposed, as well as its measured inefficiencies for forward particles at

certain angles.

We present in Teble 1 the calculated acceptances for the several ener-

gies and reactions studied.

EXPERIMENTAL RESULTS AND DISCUSSION

. The cross-sections measured in this experiment are presented in Table
1. The errors quoted in this table are one standard deviation and include

statistical and systematic errors.



4.1 w_p backward elastic scattering

The differential cross-section do/du for u > -1 GeV-/c® at 8 and
12 GeV/c¢c is shown in Fig. 2. We have fitted the data to the form do/du
= A exp (Bu) and the values found for the parameters A and B are also

presented in Table 1.
A fair agreement is observed hetween our values and those from other
experiments [4-7]. Ag previously noticed [12] a simple baryon exchange

Regge pole model, using only Ay trajectory, can explain the data.

4.2 The annihilation reection Pp 2 ' %

The backward cross-sections for incident momentum at and above

5 GeV/c are represented in Fig. 3.

Our value at 12 GeV/c, when compared with those obtained at 5 and
6 GeV/c [1,8}, is compatible with a wesk energy dependence (~ Piap ~
- 2.3 * 0.4) similar to the one observed in v p @ pv [1,12]. The value

reported at 6.2 GeV/c [13] is in contradiction with this dependence.

The ratio between our measured cross-sections in pp » # '« and v p
> pv at the same centre of mass energy, vs = 4.93 GeV/c, obtained by
extrapolating the « p » pr result over a small interval using s °
scaling lawg, is 0.45 % 0.20, This ratioc agrees with Line Reversal
Symmetry predictions (0.55 [14), 0.58 [15]}) which include spin and phase-

space differences.

4.3 Pp backward elastic scattering

In the backward region (u > -1.5 Gev>/c®) we have 5 events at B GeV/c
and O events at 12 GeV/c. However, at B GeV/c¢, the background due to in-
efficiencies in the beam identification is too large to provide a signifi-
cant signal to background ratio. We can thus only give upper limits for
backward cross—sections. 1In fact we estimate the background as 3.8 %

1.0 and 1.6 * 0.3 events at 8 and 12 GeV/c.

The upper limits in the backward cross-section presented in Table 1,
for this reaction, were then calculated considering an upper limit for the

signal of 1.2 + 2.5 and 0 * 1 events at 8 and 12 GeV/c, respectively.



In Fig. 4 we present the differential cross-section do/dt outside
the forward peak for several incident momenta. Our data at 8 and 12 GeV/c
do not exclude the possibility of backward peaks as the ones observed at 5

and 6.2 GeV/c.

In Fig. 5 we present the differential cross-section do/du at u = 0
as a function of the logarithm of the square of the centre of mass energy
{s). Our measured points, as well as the data points at 3.66 and 6.2 GeV/c
were obtasined by assuming an expohential parametrization of the backward
pesk with a slope of & (GeV/c) 2, since the measurements only give
limits on inteprated cross-sections in the backward region. The energy
dependence of the differential cross-section at u = 0 is generally parame-
trized as da/dulu=0 « g . The value of & for incident momenta equal or
higher than 5 GeV/c is now established to be greater than 8.0 * 3.4.
This value must be compared with a previous fit between 2 and 5 GeV/c of

incident momenta which indicated ¢ = 9.5 [11.

4.4 K_p backward elastic scattering

In the backward region (u > -1.5 Gev>/c®) we have 4 events at 8 GeV/c
and 0 events at 12 GeV/c but the estimated background (2.0 * 1.5 and 1.4
+ 1.6 events at 8 and 12 GeV/¢)} is of the same order. We present then
only upper limits for backward cross-sections. The values presented in
Table 1 were calculated considéring an upper limit for the signal of 2.0

+ 2.5 and 0 + 1 events at 8 and 12 GeV/c.

These results cannot establish whether the prediction [16] of & change
from the strong energy dependence (~ s_lo) on the differential cross-

. . —3 .
section at u = 0 to a weaker dependence regime (~ s "), is true or not.

CONCLUSIONS

We have measured backward cross-sections in exotic (K p + pK ,

Pr » pP) and non exotic (v p » pv , Dp 2 «t%") reactions at 8 and 12 GeV/ec.



In non exotic reactions we confirmed the weak energy dependence
regime of the differential cross-sections at u = 0. This behaviour is
deseribed for the studied reactions by a Regge pole model with the

exchange of a single A trajectory.

In exotic Pp 2 pp we established that the strong energy dependence
regime previously observed in the differential cross-section at u = 0 is
still valid at 12 GeV/c. 1In K p » pK the same regime is compatible

with our data.

In the framework of optical models extended to the backward region
(glory scattering) a weak energy dependence regime for the differential
cross—section at u = 0 wag predicted [17]). Our dsata shows that, in the
reaction Pp -+ pP, this mechanism is not seen at energies up to 12 GeV/c
therefore that mechanism cannot be responsible for the reported backward
peak at 5 GeV/c.

Regge pole models for the backward region in exotic reactions [16,18]
are strongly dependent on the particular u channel exchange and, therefore,
give no explanation for the universal behaviour of those reactions, which

is suggested by all experimental data.
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Figure captions

Fig. 1
Fig. 2
Fig. 3
Fig. 4
Fig. 5

.
a

Ity

The experimental layout of the Omega Prime Spectrometer.

Differential cross-section near u = 0 in v p 2 pr at

8 and 12 GeV/c, the lines represent our best fits to the data.

Integrated cross-section in the backward region for Pp - w'e at

12 GeV/c compared with data from previous experiments at lower

energies [1,8,13].

Differential cross—section do/dt outside forward peaks in Ppp
-+ Pp at several energies. Data points from previous

experiments were taken from Refs. [1,19,20].

Differential cross-section do/du at u = 0 as a function of the
energy of the centre of mass energy. Data points from previous

experiments were taken from Refs. [1,20-22].
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