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MEASUREMENT OF THE TRANSVERSE SPIN DEPENDENCE OF THE pp TOTAL CROSS SECTION

IN THE 1-3 GeV/c REGION ™
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The pp total cross section difference between pure transverse spin states was measured in the laboratory momentum
range 1-3 GeV/c. Significant differences were found and these differences show striking energy dependence. This structure
is in disagreement with the predictions of simple exchange models.

The difference in the pp total cross section for pure
transverse spin states, Aop = op(tl) — op(11), is par-
ticularly simple in terms of spin amplitudes, since Aoy
is proportional to Im ¢, (¢ =0), where ¢, = (++[p|——
is the double flip, no net flip, s-channel helicity ampli-
tude [1]. Similarly, the difference for pure initial
longitudinal states, Aoy = 07 () — o1(3) is propor-
tional to Im (¢ — ¢3), where ¢, = (++|¢|++) and ¢3 =
{+—|¢|+~) are the parallel and anti-parallel, non-flip,
s-channel helicity amplitudes. Both of these cross-
section differences might be expected to show striking
structure as a function of energy as the thresholds for
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the production of various N*’s are crossed [2-6].
Previous measurements of Aoy have indeed indicated
a strong energy dependence in the range 23 GeV/c
[7,8]. We have extended the measurement of Aoy
over the range 1-3 GeV/c.

The measurement was a standard “good geometry’
attenuation experiment laid out as shown in fig. 1.
The incident polarized proton beam from the ANL
ZGS was focused by a quadrupole doublet onto the
ANL-Michigan Polarized Proton Target (PPT-V). The
beam was polarized in the vertical direction and the
magnitude of the polarization averaged about 70% over
the entire run. The target material consisted of propa-
nediol beads doped with chromium paramagnetic com-
plexes and contained in a resonant microwave cavity
4.1 cm long by 2.9 cm in diameter. The target cavity
was situated in a magnetic field of 25 kG and was
maintained at a temperature of 0.5K. A 70 GHz micro-
wave system induced dynamic polarization in the free
hydrogen protons in the propanediol. The direction of
polarization was again vertical and its magnitude averaged
about 70% over the run.
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Fig. 1. Layout of the experiment showing beam and transmission counters (B and T), veto counters (A), multiwire proportional

chambers (MWPC), and the polarized proton target (PPT).

The incident beam was defined by the scintillation
counters B1, B2, and B3, and its halo vetoed by the
hole counters Al and A2. Unscattered particles and
those scattered through small angles were detected by
the transmission counters T1—T8. The large counter
T9 was used in the event trigger and to monitor the
efficiency of T1-T8.

Five multiwire proportional chambers (MWPC),
P1—P5, each having two coordinate planes, were
used for on-line reconstruction of the scattered and
incident rays to ensure a proper focus of the beam
within the polarized target. The downstream counters
and MWPC’s were mounted on a moveable arm which,
pivoted under the center of the target, allowed easy
repositioning of the system to compensate for beam
deflection in the PPT magnetic field for each incident
momentum.

All scintillator and MWPC signals were processed
by the Rice data handling system [9] and written onto
magnetic tape. All of the scintillator data and about
10% of the MWPC data were analyzed and displayed
on line. The sign of the beam polarization was reversed
on alternate ZGS pulses to average away the effect
of any long term drifts in the beam position, spot size,
intensity or spill structure. Other spurious asymmetries
were checked by periodically reversing the direction
of the target polarization and making use of the rela-
tions derived from rotational invariance,

op(M) =04, ot =o7(41).
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In addition, test runs were taken with the target unpo-
larized and with the target cavity filled with non-
hydrogenous material. Ao as determined from these
test runs was zero within statistical errors.

Data were taken in runs of about 30 minutes dura-
tion and the polarized target was reversed every S
or 6 runs. Runs in which the beam was erratic in either
steering or intensity and runs in which the shapes of
the transmission distributions across the T counters
varied drastically for beam spin up and beam spin
down were discarded.

The cross section difference for the ith transmission
counter is given by

Ag; = (1/NoptPgPr)In [TM)/T(M)]

where N is Avogadro’s number, p = 0.073 £0.005 g/cm?3
is the density of free hydrogen protons in the PPT,
t=4.1cm is the length of the PPT, Py and P are

the beam and target polarizations, and the T}’s are

the ratio of the transmitted event coincidences,
B;*By*B3:A; A, T}, to the number of incident
protons, B; *B, B3 A+ A,, for beam and target
polarizations parallel and antiparallel. Agp was then
obtained by extrapolating the Ag; to zero solid angle.
This extrapolation had only a few percent effect.

The measured values of Ao are given in table 1 and
shown in fig. 2 along with the previous measurements
of deBoer et al. [8]. The errors shown for both sets of
measurements are statistical errors only. An overall
systematic error of the order of 10%, due mainly to
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Table 1 I T T T ,
Measured values of AoT. 12 - -
p (GeV/c) Aot (mb) 0 f This experinent -
deBoer et al.
1.2 4.38 + 0.27 a) 8 |- ppﬂunﬂ: EWementa.ry rion
1.5 3.00 £ 0.26 2 _ = e ease pion
1.75 4.55+0.252) Eer -
2.0 6.21+0.152 - L i
5.79+0.93b) <
2.5 2.20£0.31 L i
3.0 0.76 + 0.209) \ .
4.0 0.72 £ 0.36 ®) 0
6.0 0.34 £ 0.079) ==
-2 - -
3) This experiment. ) DeBoer et al.[8]. L ' ! 1 1
1.0 2.0 3.0 40 5.0
Plgp (CeV/0)

uncertainty in the absolute values of the beam and
target polarizations, was not included, to avoid
obscuring structure in the data. The agreement of these
results with those of deBoer et al. at 2.0 GeV/c is

quite good.

Aop shows rather striking energy dependence. There
is a broad peak at 2.0 GeV/c followed by a smooth de-
crease with increasing energy. This decrease is possibly
due to the opening of more and more inelastic channels
with different spin dependences which tend to cancel
one another [4]. The energy dependence below 2.0
GeV/c is not easily understandable. There is no obvious
correlation between this structure and the opening of
inelastic channels, i.e. pp — pnat at 0.8 GeV/e, pp >
nA at 1.3 GeV/c and pp = AA at 2.1 GeV/c. The curves
shown in fig. 2 are a prediction of simple exchange
models for the contribution of one of these channels,
pp > pnrt [10].

The major contribution to the total cross section in
this region is still the elastic cross section which has a
broad maximum (30 mb) at 1.5 GeV/c [11]*'. The
contribution of elastic scattering to Ao is given by *2

d
ao=f (it €3 d02.

Unfortunately, the data on the spin correlation param-
eters, Cp,, and C, are poor or non-existent in this

*1 A more recent compilation has also been made by
A. Yokosawa.

*2 For definitions of these parameters, see, for example, ref.
[12].The indices nn and ss refer to spins perpendicular to
and lying in the scattering plane.

Fig. 2. Measured values of AoT. The curves show the predictions
of simple exchange models for the contribution of the channel
pp— pnn*.

energy range. There is a clear need for good measure-
ments of these parameters at these energies. This would
allow a measurement of the contribution of elastic
scattering to Aoy, and thus the separation of its elastic
and inelastic parts.

Auer et al. [13] have measured the longitudinal
spin dependence of the total cross section, Agy , over
the same momentum range as this experiment. It is
interesting to note that their results also show struc-
ture in the vicinity of 1.5 GeV/c. They interpret this
structure [14], in conjunction with certain phase shift
analyses [15—17] and pp elastic polarization measure-
ments [18—20], as evidence for the existence of a di-
proton resonance with a mass around 2000 MeV/c2.
The structure in Agp may be further evidence for phe-
nomena of this nature.
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