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SStrictly speaking, some of the background events
could be pp since the threshold Cerenkov counter just
vetoes pions and lighter particles, However, the peak
at the known ¢ mass shows that the ¢¢ events are a
clean sample; the corresponding pp effective mass
would be 1907 GeV, a region free of known resonances.
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We have measured 7p and pp elastic differential cross sections in the range | cosec.m_l
< 0,35 for incident momenta from 2 to 9.7 GeV/c for 77p and pp and from 2 to 6.3 GeV/c
for m*p., We find that the fixed-c.m.-angle mp differential cross sections cannot be de-
scribed as simple functions of s, The data are compared to the energy and angular de-
pendence predicted by the constituent model of Gunion, Brodsky, and Blankenbecler,

It is generally believed that hadrons are compo-
site particles. In this context, one attractive
model for large-angle hadron-hadron scattering
involves scattering of the constituents (e.g.,
quarks) of the projectile and target particles. An
early encouragement for this approach was the
apparent success of the dimensional counting
rule,! which predicts the asymptotic energy de-
pendence of differential cross sections at large
fixed angles. The rule predicts that at constant
c.m, angle, do/dtxs~" where n=m -2 and m is
the sum of the number of quarks in the initial and
final states of the interaction, s is the square of
the c.m. energy, and ¢ is the square of the four-
momentum transfer, It has been claimed that
previous data agree with the predicted exponents
(7 for photoproduction of pions, 8 for mp and Kp

elastic scattering, and 10 for pp elastic scatter-
ing) for laboratory momenta above 5 GeV/c,
However, in the 7p case the comparison is based
on very few data points with generally large sta-
tistical uncertainties. While the pp data have
much better statistics, the case for s~ is de-
bated in the literature.?

We are reporting here some results from a
new experiment which supplement and check the
existing pp data and provide enough additional
m"p data for a stringent test of the dimensional
counting rule,

This high-statistics experiment measured the
differential cross section, do/dt, for —0.35
<c0Sf¢ 1, <0.35 from 1,9 to 9.7 GeV/c for 77p,
from 1.9 to 6.3 GeV/c for n*p, and from 1.9 to
9.0 GeV/c for pp interactions, The momentum
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region was covered in 2% steps. The experiment
was performed at the Argonne National Labora-
tory zero-gradient synchrotron, The experimen-
tal apparatus, shown in Fig. 1, was designed to
allow large data-taking rates, to have a simple
and smooth geometric acceptance, and to give
high angular and momentum resolution,

The high-intensity, two-stage, secondary beam
had a momentum spread of +5%. A nineteen-bin
hodoscope at the first focus permitted tagging of
the incident particle momenta with a resolution
of +0,25%. The absolute momentum of the beam
was determined to £0.5%. Two ethylene-filled
threshold Cherenkov counters were used to identi-
fy incident 7’s, K’'s, and p’s. The direction and
position of each beam particle were measured by
two x -y hodoscopes with resolutions of +3 mrad
and 3 mm,

The beam of a few million particles per 0,6-sec
spill was focused on a 30-cm-long liquid-hydro-
gen target., The scattered projectile particle and
the recoiling proton were detected by the double-
arm multiwire-proportional-chamber spectrom-
eter, Each arm consisted of three pairs of ver-
tical and horizontal chambers, which could be
rotated to concentrate on c.m, angles of 90°, The
resolution of each arm was 3 mrad in the labora-
tory scattering angle. At the end of each arm
was a threshold Cherenkov counter used to identi-
fy the scattered particles when kinematics could
not distinguish between the pion and proton, There
was no magnet in the detector.

The experiment trigger consisted of a coinci-
dence of the beam-defining counters (B,, B,, B,
and BH) and the four counters of the multiwire-
proportional-chamber arms (L,, L, R, and R,).
In addition, to suppress background due to inelas-
tic scatters, the trigger required anticoincidence
with eight veto counters surrounding other areas.
These were multilayer lead-scintillator sandwich-
es, which detected both charged particles and
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FIG. 1. Plan view of the experimental apparatus,
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photons from 7° decay. An additional single-layer
anticoincidence counter rejected noninteracting
beam particles, The trigger and veto counters
covered approximately 3.57 sr in the c.m, solid
angle,

The acceptance for elastic scattering was cal-
culated by a Monte Carlo simulation, and is a
smooth function of cosf. , with a peak value
typically 22%,

The data were recorded on magnetic tape and
partially analyzed on line. The total pion and pro-
ton flux was 1,4 X102 particles, resulting in 2,8
x 107 triggers, from which 1,3 X10° elastic scat-
ters were recognized, Elastic events were select-
ed by using the coplanarity of the incoming, scat-
tering, and recoiling tracks, and the angles of
the scatter and recoil, The remaining inelastic
background was subtracted by fitting the coplanar-
ity distribution for each momentum and scattering-
angle bin by the sum of a Gaussian and a back-
ground polynomial., Backgrounds ranged from 19
at the lowest momentum to 25% at the highest,

The data were also corrected for random acciden-
tal vetoing, nuclear absorption after scattering,
ambiguous momentum determination, and cham-
ber-hodoscope inefficiencies, A typical total cor-
rection factor was 1.5, We estimate that the nor-
malization is uncertain to £10%, This error is
not included in the data plotted below,

To compare to the dimensional counting rule,
the data are binned in intervals of 2% in the lab-
oratory momentum and 0.1 in cosf. . The 7p
and pp elastic differential cross sections at sev-
eral angles are shown in Fig, 2, along with power-
law predictions of the dimensional counting rule
and all previous 7mp data®~® above 3 GeV/c at these
angles,

The pp data are inconsistent with one value of
n over the entire energy range, Several previous
experiments have reported breaks in the slope of
the 90° cross sections plotted against a variety of
parameters,®!® The disagreement with s~ in
our data is a reflection of these breaks, Plotted
against —¢, the logarithm of the 90° cross section
shows changes of slope at ¢t~ -3 GeV?/c? and ¢
=-6,5 GeV?/c?, as reported earlier. Looking at
other angles, we find that the breaks occur at ap-
proximately constant ., However, the energies at
which these breaks occur may not be high enough
for the dimensional counting rule to apply. We
have therefore fitted the 90° data by do/dt=as™"
for s >12 GeV? The result is n=10,07+0,11
with a x® of 30 for 24 degrees of freedom, We
note, however, that several other forms fit the



VoLUME 40, NUMBER 7

PHYSICAL REVIEW LETTERS

13 FEBRUARY 1978

PLae (GeV/c)

PLas (GeV/c)

PLAB (GeV/c)

s 2 3 4 56789 2 3 4 56789 2 3 4 56789
© M 4o TP=TD (0 4o TP=TR (b pP-pp (c)
IOQ ;_...d—fxlOO | '..:d—'xlOO ,
“1, Gc"=IOO° " Bey100
3 .. .
|O ", - PN'".
\\. L] “iL. " + .
2 - . .
10 N, “a
—_ Q R
S | doon 4o, 001 -
o “; 10 al-.. d””x
:L L '\‘ -,
o \“. \\
| e
b|~—
helhe) -
10
o
-3 ORef.3 o Ref.3
107 eRef.4 v Ref.5
v Ref.5 O Ref.7
4| ®Ref.6 s Ref.8 4
I 10
4 5 6 7691012141618 4 5 6 7891012141618 4 5 6 786910 12141618
s (GeV?) s (GeVv?) s (Gev?)

FIG. 2. Differential cross sections for elastic m*p, 7"p, and pp scattering measured in this experiment for some
representative angles. The lines are the predicted s dependence of Ref, 1. Previous data (Refs, 3—8) for n*p and

m°p, above 3 GeV/c at these angles, are also plotted.

data equally well at these energies.!

The 7*p data are more complicated, Both 77p
and 7*p have a dip (at s =7, 8, and 9 GeV? for
100°, 90°, and 80°, respectively) which is due to
a constant dip at t=-2,8 GeV?/c?, 1t is clear
from the figure that there are significant depar-
tures from any power law s™", even beyond this
constant dip, Some fits to the 77p data are shown
in Table I. Our data agree well with the data of
Ref, 4 which is the previous evidence for s~8 be-
havior, yet in the same energy range (12 <s <19
GeV?) our more detailed data yield smaller ex-
ponents, If the lower limit of the fit is made suf-

ficiently high (s > 16 GeV?), the data are consis-
tent with s7® at all angles., However, the remain-
ing range of s is then quite small and the errors
on the fitted exponents are large, Data at higher
s will be needed to determine if the predicted
power law is really established above s =16 GeV?2,
The n*p data disagree with the dimensional count-
ing rule, but they do not extend to very high en-
ergy.

The constituent-interchange model of Gunion,
Brodsky, and Blankenbecler!? predicts an energy
dependence agreeing with the dimensional rule,
but in addition, predicts an energy-independent

TABLE I, Value of the exponent » in fits to 77p data of the form do/dt
=as™, (d.f. stands for degrees of freedom.)

fc.m, 12<s<19 GeV? 14<s<19 GeV? 16<s <19 GeV?
(deg) n x2/d.f, n x*/d.f, n X2/ d.f.
80 6.1+0.2  49/23  7.3*0.4  25/15  10.3+1.6  10/7
90 6.7+0.2  45/23  8.2%0.4  19/15 9.9+1.8 8/1
100 7.6+0.3  34/22  6.2+0.6  16/14 4.0 £2.7 7/6

427



VoLUME 40, NUMBER 7

PHYSICAL REVIEW LETTERS

13 FEBRUARY 1978

angular shape at high energies. Even though the
s~8 rule does not work in detail, we compare our
data to the angular prediction, In Fig. 3, we
have plotted the ratio of the cross section to the
90° cross section for three of the higher momenta
for 77p scattering. The ratios qualitatively show
the predicted energy-independent shape, The
ratios do not agree with the prediction for mo-
menta lower than 6 GeV/c.

To conclude, we have reported high-statistics,
high-resolution data on 7% and pp elastic scat-
tering. The pp data agree with the dimensional
counting rule for 12 <s <19 GeV?, but the 7p
data do not, The 7 p data tend to agree with the
rule, and with the constituent-interchange model,
at the highest energies of the experiment, but
data at still higher energy will be needed to con-
firm or refute the agreement, The models do not
agree with the 7*p data in the more limited ener-
gy range,
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FIG. 3. Ratio of the differential cross section to the
90° differential cross section for 77p at several mo-
menta, along with the predicted ratio of Ref, 12.
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