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ABSTRACT

New experimental results are presented on proton—proton elastic
scattering in the range of momentum transfer 0.8 Gev? < -t < 9 GeV?
at a centre-of-mass energy of Vs = 53 GeV. The data are obtained
using the Split-Field-Magnet Detector at the CERN Intersecting
Storage Rings. The cross section has the well-known minimum at

-t = (1.34%0.02) GeV? but no further minimum or change of slope is

observed between 2 and 6.5 GeV2,
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Observation of a diffraction-like minimuml’2

in high energy elastic
proton-proton scattering has prompted questions concerning its origin
and whether further minima exist at larger values of the momentum
transfer. Based on the t-dependence at the first maximum and on the
position of the minimum, several authors have predicted a second minimum
in the t range of 4 to 6 GeV? and an associated flattening in slope, by
using optical models3, constituent modelsA or exchange modelss, whereas

others have predicted a smooth behaviour6.

We are reporting here experimental results in the range of momentum
transfer 0.8 < -t < 9 GeV? at a centre-of-mass energy of /s = 53 GeV.
We observe no further minimum or change of slope of the differential
cross section. The measured cross sections are now spanning a range of
10'°,

The data have been obtained using the Split-Field-Magnet Detector (SFM)
at the CERN Intersecting Storage Rings (ISR). We report here results
extending our earlier measurements2 to -t = 9 GeV?, corresponding to

an integrated luminosity of 1.15x10°% /mb.

The SFM detector, its trigger logics, data acquisition and event
reconstruction have been described beforez. The detector contains two
forward telescopes, each equipped with 14 multi-wire proportional
chambers of 2 mm wire spacing, most of them 1 m high and 2 m wide.
Each chamber has a vertical and a horizontal wire plane. The average
magnetic field is 1.0 T. Events have been selected by requiring two
charged tracks at the trigger level, by a cut on their momenta after
geometrical reconstruction and fit, and by a cut on the deviation from
collinearity, after having performed a kinematical fit. In terms of

x? these cuts correspond to accepting events at the 17 confidence level.

In order to determine absolute differential cross sections, we have to
apply t-dependent acceptance corrections and an overall normalisation
factor. The acceptance of the detector is calculated using Monte Carlo
methods, as described in reference (2). The reliability of the simulation
has been checked by comparing distributions in the azimuthal scattering

angle of real events and of Monte Carlo events in various bins of t.



The acceptance is found to vary smoothly, from an average value of 507

for the interval 2 GeV2 < -t < 6 GeV? to a value of 20Z at 1 GeV? and

9 GeVz.

The experimental resolution in t has been investigated using simulated

events. The distribution of |t -t | is found to have an
true measured

rms width of o, = +0.020 GeV? at the position of the first minimum and

to increase linearly with |t| to a value o, = $0.10 GeV? at t = -10 GeVZ.

Absolute cross-sections are obtained by collecting monitor counts
simultaneously with data taking. A scintillation counter monitor has
been calibrated using the Van der Meer method7; we estimate the

systematic accuracy of this monitor to be *57.

A study of the collinearity distribution as a function of the momentum
transfer has shown that in the range of the results reported here, and
after applying the selection criteria described before, there is less
than 37 background contamination8 at all t values. This residual

background has therefore not been subtracted.

The results* are shown in figure 1. The dominant property of the

differential cross section is the.narrow minimum near t = -1.3 GeV? and
the smooth behaviour beyond the second maximum at t = -1.8 GeV?. Indeed,
in the interval 2.0 < -t < 8.5 GeV® the cross section is well described

over four orders of magnitude by a single exponential

do _ bt
It Ae

with b = (1.81%0.02) GeV 2 and ¥X? = 17.7 for 28 degrees of freedom. To
our best knowledge none of the models put forward to describe elastic
scattering at large t values has predicted a single exponential of such
small slope over this wide range in t. In particular, due to the large
statistics, the occurrence of a second minimum and of an associated

change in slope can be excluded for |t| < 6.5 GeVZ2.

Tables of the differential cross sections are available from the
authors.
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We now summarize some values of the differential cross section and discuss
their energy dependence. The cross section at the second maximum is
(5.9%0.4)x107° mb/GeV?, consistent with the energy dependence which we
have observed2 between Vs = 23 GeV and 62 GeV. The position and the

depth of the minimum have been determined by describing the data with an

expression of the form

B_t. Rt_:.-.. 'w
do 2 7 Y2
-—= /K e +/C e

dt

folded with the experimental resolution in t. The best fit gives a

minimum at

= - + 2,
the error is contributed equally by the one-standard-deviation of the fit
and an estimated systematical uncertainty in the t-scale. This value is
consistent with the previously reported energy dependence2 as expected
from diffraction on an object of increasing radius. The differential

cross section at the minimum is found to be

d -5 z

g = (1.9%0.2)x10"° mb/GeV";

min

the resolution in t is affecting this value within its error only. We

1,2,9

note that the cross section at tm. has a strong energy dependence,

with a minimum value around Vs = ;3 GeV. Ifr we assume that the minimum
is due to a vanishing imaginary part of the scattering amplitude, and
that spin-flip contributions are negligible, we can use the cross section
att . asa direct measurement of the real part of the scattering
amplitude. It will be interesting to compare the energy dependence of
the real part at t = 0 and t = t . ; Wwe are presently analysing more

min
data to improve the statistical accuracy at the other ISR energies.
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FIGURE CAPTION

- Differential cross sections as a function of t. The error
bars represent statistical errors and bin-to-bin systematical

errors. An overall scale uncertainty of *57 has to be added.



1072

10°?

10-*

1078

10°°

107°

T |I|I|II| T |||l|||[ T T TTTT] T TTTIIH] T IIIIHI‘ T T TTTTT T T TTTTIT]

T T TTTITg

-

-
—
-

PP — PP
Vs =53 GeV

o

65628



