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FIG. 2. Differential elastic-scattering cross section for m p at 5.0 GeV/c. Solid points are data from this exper-
iment.

background which amounted to between 5 and 15%
was subtracted to obtain the correct cross sec-
tion. The background was determined by fitting
the missing-mass distribution in the region of
the elastic peak with a Gaussian plus a linear
background.

The remainder of the data from the more re-
cent experiment were obtained from a three-con-
straint fit using the measured missing mass,
opening angle, and coplanarity angle. This pro-
cedure virtually eliminated inelastic background
events. To estimate the background in the data,
a two-constraint fit with constraints only on open-
ing angle and coplanarity was performed, and the
fraction of events in the linear background under
the elastic peak was determined. We estimate
the background near t =-1.3 (GeV/c)' to be about
1 p.b/(GeV/c)', about one-half of the statistical
error of the data, while at f =-2.8 (GeV/c)' the
background cross section is less than 0.02 pb/
(GeV/c)', again much less than the statistical er-
ror at this value of t. In the backward hemi-
sphere, It I

& 4.3 (GeV/c)', an upper limit of 0.05
p, b/(GeV/c)' is estimated even though no evi-
dence of any background is observed in our data.
Because the estimated background was small

compared with statistical errors for all values
of t, the data in Fig. 2 for It I

& 1.1 (GeV/c)' are
presented with no background subtracted. Never-
theless, the cross section at the bottom of the
dip at t = -2.8 (GeV/c)' is less than 0.1 pb/(GeV/
c)' and consistent with zero The .presence of
such a deep dip demonstrates (a) the success of
the fitting procedure in eliminating nonelastic
events, and (b) the absence of any significant
contamination from pp elastic scattering, which
was achieved by the use of four Cherenkov coun-
ters. Since the sides of the dip at t =-2.8 (GeV/
c)' appear so steep, it is necessa. ry to quote a t
resolution of the apparatus. It is At =+0.0V (GeV/
c)', mainly due to the incident beam divergence.
Therefore, the true cross section could have an
even deeper and narrower dip.

The absence of data near 90' in the center-of-
mass system is due to the fact that our angular
acceptance unfortunately did not extend far enough.

Major corrections which have been applied to
the raw t distribution to convert it to the one pre-
sented here are solid angle and spark-chamber
efficiency corrections. The overall event recog-
nition efficiency was 45%, due primarily to non-
ideal chamber performance, the presence of

1362



Ver. UMa 24, NUMsmR 24 PHYSICAL REVIEW LETTERS 15 JUNE 1970

Table I. Differential cross section for 5-Gevlc
~ p elastic scattering. Only statistical errors are
given. In addition, there is a +10"jo normalization un-
certainty.

2
(GeV/c)
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0. I Z5
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O. Z25
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0. 575
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0, 002

pb /(Gev/c)
2

77. 0
64. 6
49. 5
38. 0
30. 0

I ~ 9
1.7
1.6
1.4
1.3

-t
2

(GeV/c)
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9
5. I
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5. 7
5. 9
6. 1

6. 3
6. 5
6. 7
6. 85
6. 95
7. 05
7. 15

60
dt

pb /(Ge V / c)

ZZ. 0 + 1.1

I 5. 3 + 0. 9
9. 20+ 0. 7
6. 45~ o. 6
4. 28+ 0. 50
3. 12+ 0. 45
1.95+ 0. 35
0. 86+ 0. 25
0. 34+ 0. 15
0. 07 + 0. 07
0. 07+ 0. 07
0. 37+ 0. 17
0. 45+ 0. 19
0. 70+ 0. 23
0. 90+ 0. 27
0. 48 + 0. 15
0. 70 + 0. 2Z
0. 29 + 0. 06
0. 37 + 0. 10
0. 27 + 0. 08
0. 39 a 0. 10
0. 55+ O. II
0. 59 + O. IZ
0. 73 + 0. 1Z
1.47+ 0. 17
1.69 + 0. 18
1.96 + 0. 19
2. 28+ 0. 20
2. 8Z + 0. 30
3. 74 + 0. 34
3. 97 +0. 35
5. 18 + 0. 50

background tracks, and the simplicity of the
track fitting routine. In order to check the nor-
malization of the data at large angles, pP elastie-
scattering runs were interspersed with pion scat-
tering runs. The Pp cross section at large ~t~ is
considerably larger than that for mP elastic scat-
tering and has been measured accurately in coun-
ter experiments. ' The cross section at small an-
gles measured in the earlier part of the experi-
ment was checked against the optical point and
other w'p elastic scattering data. ' Because of
these checks on the normalization, we are able
to quote a +10% systematic error in addition to
statistical uncertainty.

In the large-~t~ region, there have been exten-
sive experiments on high-energy s p elastic
scattering' ' but data on m'p elastic scattering"
above 3 GeV/c have been rather sparse. ' With
the present measurements, 5 GeV/c is now the
highest momentum for which a nearly complete

angular distribution exists. In Fig. 2 the data
from this experiment are supplemented by data
from Baker et al. ' and Chandler et al. ' at very
backward angles.

The new data show the following features:
(a) The sharp, deep dip at t =-2.8+ O.l (GeVjc)'.
A similar dip was previously seen' in w p elastic
scattering but it did not appear so deep and nar-
row there. Possibly there is better background
rejection and angular resolution in the present
experiment. (b) A slow variation of the cross
section in the backward hemisphere. The pres-
ent data. vary roughly as exp(1.3u) for values of
u between -1.5 and -3.5 (GeV/c)', and appear to
join smoothly to the backward data.

The dip at t = -2.8 (GeV/c)' has been interpret-
ed' as the effect of the P' trajectory passing
through a~. = -2, but this interpretation requires
a particular assumption for the form of the resi-
due function. The cyclic residue function of Bar-
ger and Phillips' is not consistent with the usual
assumption of nearly constant values for the re-
duced residue but at the present time this is the
only published attempt to account for the dip.
The effects of absorption and multiple scattering,
which can be identified with Regge cuts, are
thought to be important at high momentum trans-
fers. These effects, however, tend to fill in
dips and the presence of as sharp a dip as is
seen at t =-2.8 (GeV/c)' is rather unexpected
from this point of view.

Both pure Regge-pole fits' '" and a strong
Regge-cut-model fit" to the backward data give
a steeper slope in the large-~u~ region than we
observe. Regge-pole fits using linear trajecto-
ries predict a fairly deep dip near u = -2.6 (GeVj
c)', where the N„ trajectory passes through a

5
We do not observe such a dip; however,

we cannot rule out the existence of a small struc-
ture near this point.
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STUDY OF yp-p(u WITH LINEARLY POLARIZED PHOTONS AT 2.8 AND 4.7 GeV*
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The reaction pP Pu was studied in a hydrogen bubble chamber using a linearly polar-
ized photon beam. The total cross section was found to be 5.8+0.5 pb at 2.8 QeV and 3.2
+0.3 pb at 4.7 GeV. From the decay angular distributions these cross sections have been
separated into contributions from natural- and unnatural-parity exchange o, o in the t
channel. For (t~ & 1 GeV o =2.5+0.4 pb, o =2.7+0.4 pb at 2.8 GeV and oN=1.8+0.3 pbo"=1.3+0.3 pb at 4.7 GeV. The contributions from unnatural-parity exchange are consis-
tent with the predictions of the one-pion-exchange model.

The energy dependence and the magnitude of
the cross section for ~ production by unpolarized
photons measured" in the reaction

yp pn'n n'-

suggests that co production proceeds partly via
one-pion exchange (OPE) and partly via diffrac-
tion scattering, with the dominant contribution at
low energies (-2-4 GeV) coming from OPE. Us-
ing polarized photons, the contributions from
natural parity [P = (—1)~] and unnatural parity

[P= -(-1)~] exchange in the t channel can be sep-
arated, and the above conjecture can be tested.

We have analyzed ~ production in Reaction (1)
at 2.8 and 4.7 QeV exposing the 82-in. hydrogen
bubble chamber at Stanford Linear Accelerator
Center to the linearly polarized Compton-back-
scattered laser beam. Table I summarizes the
details of the beam and of the exposure. ' '

In Table I we list the number of events which
gave a zero-constraint "fit" to Reaction (1) (the
photon energy F. not being constrained) and
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