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Abstract

We present measurements of the invariant cross section for the
inclusive reaction p + p + p + X in the region 0.14 < |t| < 0.38 GeV2,
100 < s < 750 GeV2 and 0.07 < Mi' < 0.20
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In a recent letter = we presented the first results of our study

of reaction
P+pPp2>p+X (1 +2~+3+X) Q)

using the internal H, jet target at the National Accelerator Laboratory.
The results of Ref, (1) confirmed the phenomenon of difffactive excitation
“into high masses of the target (beam) particle first dbsef&ed at the

CERN Intersecting Storage Rings 2. Furthermore, by studying the energy
‘dependence of (1) for 40 ¢ P; € 260 GeV we established %he presence of a
-lafge energy independent component which we identified with a non-vanishing
triple Pomeron Coupling 3 for values of the momentum transfer t = -0.33 and
~0.45 GeV2, The results presented here extend our previous measurements

* to lower t values (—0.14 Gev2) and higher energies (P; = 400 GeV). The
experimental set-up is similar to the earlier experiment and is described
in {1} . The main modification consisted in'replacing the A2 absorbers
which determined two momentum intervals for the recoil nucleon by a tétal
-absorption scintillation counter. The recoil proton is identified and its
momentum is measured by pulse height in thé 20 cm long éssorptioh gbunter
and time of flight over 186 cﬁ. The resulting scatter ﬁiot of pulse height
vs timenof—flight has two distinct bands correspénding to recoil proéons
and pions. The pulse height information is used §nly to remove pions. The
remaining events in each 0.7 ns wide time of flighf bin are summed over
pulse height and represent the number of protons 6ver the corresponding
Y-momentum transfer interval. This procedure avoids the ldss of proton
events due to scattering in the absorption counter which leads to a
broadening of the proton band. Ve applied a2 small t dependent corvection
to the raw data in order to take into account the loss of events due to
multiple Coulomb scéttering in the material in front of the total

absorption counter. This correction amounted to an 8% increase at our
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lovest Itl value and was negligible for [t| > 0.28 GeVZ2,

Our results are expressed in terms of the invariant cross section

sd20/dtdM2 which is a function of the three Lorentz invariant quantities

s é 2mE,y : | . . (2a)

t = =2m(E3 ~ m) ‘ | | (2b)

X =1~ Mi é (E3 -~ p3 cosf3z)/m o ' (2c)
.S— * .

where s, t and M; are the squares of the centre of mass énergy, the 4-
momentum transfer and the missing mass. The angle between incident and
recoil proton is 63 and ﬁ is the proton mass. Typical'experimental.full
width resolution in these quantities ére As é 30 GeV2, At é 0.05 GeV?

and £x v 0.015. L

The absolute normalisationAof the data presentéa.here is obtained
by monitoring the rate of elastically scattered pfotons in a small solid
staté‘deteétor N situated at a laboratory angle of 85.5°‘to the béém axis,
For elastic scattering at this angle we have |tlé C.O22;EeV?; The ﬁulse height
spectrum in the solid state detector shows a clean elastic signal on top
of a small background. Typical signal to background ratios -are 20 to 1.

For the rate of elastic events we have

- - 2 2 |
N,=Ldoaa=L _c_lg_(P] 8m? cos6AQ : (3)
da 2r dt \ E;+m :

where AQ is the solid angle subtended by the solid state detector at a

laboratory angle 6 to the beam. L is the luminosity and dog and do are the
. ] dq dt
elastic differential cross sections. For do we use the form
dt
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do (s,t) = do(s,t = 0)e"* (4)
dt dt
with b(s) = 7.9 + 0.68 1ns as determined in our energy range by
Bartenev et al ol By combining eqs. (3) and (4) with the optical theorem

we obtain

N, =L o2 (%m 2 (1+8)ePt cosoan () |
where a(s) is the ratio of real to imaginary éart of the forward elastic
scattering amplitude and oT(s) is the total pp cross section. For a(s)

We use the measurements of Ref. {4} and‘for.cT(s) we use the analytic
parametrization of Boqrrely and Fischerswhich gives 38.5 mb at p; = 50 GeV/c
and 40 mb at p; = 400 GeV/c in agreément with the Serpukhov 6 and CERN
Intersecting Storage Rings 7 total cross section measurements 8; Using the
measured rate of elastiq events we can then calculate the luminosity which
aliows us to obtain the overall normalisation of our data on rgaction ().
-It should be noted that the experimental uncertainties on a(s) and b(s)

over our energy range have at most a * 2% effect on our normalisation.

-

—

The largest uncertainty in the relative normalisation between
different energies comes from cT(s) for which’there are no éccﬁrate“
measurements over our energy range.' The errors in the overall normalisation
of our data come mainly from uﬁcertainties about the effective area of the
solid state detector. We estimate the error on the relative normalisation
between our two e#treme energies to be about £ 5% while the uncertainty in

the overall normalisation is about * 15%.

~  Our data at five s values and four t intervals are plotted as a
function of % in Figure 1. We observe a clear minimum around x = 0.88

which moves very little with s or t. We also observe a stronger energy
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dependeﬁce as x increases from 0.80 to 0.93. This feature is present for
all four t intervals and is emphasised in Figure 2 where we plot the-
invariant cross section against s*% for x = 0.83 and 0.91. The data points
can bé fitted by straight lines indicating a dependence on s of the form
c(1+ %g) where C and B are functions of x and t only. Finally in
Figure 3 we show the invariant cross section against t for the.two extreme
s values wi¥h x = 0.87. The shape of the distribution can be described by

a simple exponential e % with a slope b which does not change with s.

This indicates that in the form C(1 + B/Vs) the energy-dependent term B is

<
\

a function of x only while C is a function of x and t.

The above observations lead to a simple parametrisation for the

S, t and x dependence of the data which has the form

dzo' b(x)t B(x) ' '
s = A(x)e (1 + ;r‘“‘) . : (6)
dtdi? o s |

In-Table I we give the values of A, B and b for six-intervals
of x. |

In the limit s -+ 00 expreésion (6) reduces to Aebt and.from
Table I we see that at fixed_t this term goesbthrough a minimum around
% = 0.88. Ve also not that at s = 100 GeVZ2 the energy dependent -part
B/Ys represents 11% and 43% of the tétal Cross gection at x = 0.81 and
0.91 respectively while at s = 750 GeV2 this part represents 4% and 16%.
This implies %hat in order to observe any further variation in the energy
range of the CERN Intersecting Storage Rings (550 § s < 3130 GeV2) the
relative normalisation errors hetween different energies must be smaller
than 5%. This point emphasises the importance of the energy range
50 ¢ s ¢ 750 GeV2 in future studies of the approach to the scaling limit,

A more detailed discussion of the results presented here in terms of triple
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Regge couplings can be found in a separate contribution to this

Conference 9.

The authors wish to thanﬁ ProfessorrB. Maglich for his support
throughout the experiment. Wé also acknowledge with thanks the work of
J. Alspector, A. Pagnamenta and R. Stanek who‘made contributions at
various stages of data éollection and analysis. _Ihe éooﬁefation and
support of the staff of the Internal Target Laboratofy'at NAL is warmly
acknowledged. Finally we are indebted to the members of the USSR-USA
collaboration and in particular B. Morozov, S. Olsen and Y..Pilipenko
for their active cooperation in sharing the use of the hydrogen gaé jet

target and the signals from two of their solid state detectors.
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In reference {1} the overall normalisation was determined by
extrapolating to measurements of reaction (1) at 24 and 30 GeV/c.
For the relative normalisation between different energies we had
assumed a constant total cross section. In view of the recent
evidence for a rising total cross section a small s dependent
correction should be applied to the data of reference {1}. The
correction factor is simply o,,(mb)/38.5(mb) and amounts to a

4% increase at the highest energy data of {1}

K. Abe et al, "Determination of triple Regge couplings from a |
study of reaction p + p » p + X between 50 and HOO GeV/c",
paper contrlbuted to this Conference
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TABLE I

GeV

1.1

1.9

2.5

300

3‘6

4.3

t+

+

+

i+

b

0.7

0.7

0.7

GeV-2

5.7
5.9
5.9
5.9
6.0

6.1
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0.81
0.83
0.85
0.87
0.89

0.91
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FIGURE CAPTIONS

Invariant cross section as a function pf X = l-MQ/s.
Statistical errors for the three intermediate energies

are similar to those shown for the two extreme energies.
Data at fixed x plotted against 8“1[2. The straight lines
are eyeball fits to illustrate the s dependence‘of the form

C +°B//s with a slope B which increases with x.

Data at fixed x plotted against t. The two extreme

energies can be fitted by the same exponential eS.Qt'
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