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The cross section for 180' elastic scattering of antiprotons by protons between 406
and 922 MeV/c has been measured. A single-arm spectrometer detected recoil protons
corresponding to events with (cos6tc ~ ) =-0.994. The regions of the reported reso-
nances at 1996 and 2020 MeV were scanned in 10-MeV/c steps with a typical statistical
error of =7% and an rms mass resolution of +3 MeV. No narrow enhancements (I'&10
MeV) were observed.

Since 1966, when structures in the s p -pX
missing-mass spectrum were reported at 1929,
2195, and 2382 MeV by the CERN Missing Mass
Spectrometer Group, ' many claims for narrow
boson resonances near these masses have ap-
peared in the literature. In addition to the S, T,
and U peaks, a narrow resonance has recently
been observed in the pp system at 2020 MeV
along with the T(2204) in the reaction s p —(n pf)pp,
where the (s pz) form a fast b. or N* and the pp
system is slow in the laboratory. ' Several forma-
tion experiments indicating structure in pp and pd
total cross sections' ' and pp elastic'" and anni-
hilation" cross sections have given some cre-
dence to at least the S meson at 1936 MeV. ' How-
ever, evidence to the contrary has also been pub-
lished' " and our measurement of the charge-ex-
change cross section c'(pp -nn) has shown no evi-

dence for the resonance. '4

In this Letter we report the results of a counter
experiment performed in the Brookhaven alter-
nating-gradient synchroton low-energy separated
beam, in which the backward elastic pp differen-
tial cross section ((cos8, ) = —0.994) was meas-
ured at 30 momenta between 406 and 922 MeV/c.
Backward scattering is favorable for the observa-
tion of resonances since the differential cross
section for pp scattering is known to be small in
the backward direction (typically 100 times small-
er than the forward diffraction peak in our momen-
tum region), while a purely resonant amplitude,
if it exists, must always be present at cos8=+1.
The resonant differential cross section at cos0
=+1 is greater than or equal to o„"'/4s for all
values of J c, with the inequality generally be-
coming stronger as the spin 4 of the resonance in-

1901



VOLUME 43, +UMBER 26 PHYSICAL REVIEW LETTERS 24 DECEMBER 1979

creases. "'" With use of the measured value for
the contribution of the 8 meson to the elastic
cross section of 7+ 1..4 mb, ' we obtain an expected
resonant contribution to the backward differential
cross section of at least 0.5 mb/sr which is com-
parable to the observed nonresonant background.
However, interference between the resonance
and background may be constructive or destruc-
tive depending on whether 4 is odd or even, so
that larger or smaller effects may be anticipated.
For example, a pathological case could lead ac-
cidentally to a complete suppression of resonant
structure if the nonresonant amplitude were half
as large and of opposite phase to the resonant
amplitude. Preveiously published data on PP
backward elastic scattering, "'"shown in Fig.
3(a), are of low statistical accuracy and agree-
ment between the two experiments is very poor.

The apparatus, originally designed to measure
K P backward elastic scattering, "is shown in
Fig. 1. The incident beam geometry was defined
by thin scintillators M and S. The mass-slit coun-
ter (MS) located 5 m upstream of M facilitated
time-of-flight measurements. A threshold Cher-
enkov counter (C) rejected mesons. Additional
supression of beam mesons was obtained by pulse-
height discrimination on counters S and M A lead
collimator with an aperture for beam passage
was placed between counters |"and M. This colli-
mator reduced the number of backward-going m''s

that could have entered C and vetoed the event,
the 7t's having been produced in the annihilations
of stopped P 's from backward elastic scatters.
Immediately downstream of the 20.96-cm-long
liquid-hydrogen target (p =0.070 g/cm') was a
bending magnet (D4) that swept away the unscat-
tered beam and the unwanted charged particles
at 0 . The recoil protons were then focused
through the second bending magnet (D5) by the

quadrupole doublet (Q7 and Q8) onto the hodoscope

(H) which had 45 vertical channels each 1.27 cm
wide. The image of the target was centered on
the hodoscope and was about 22 cm wide. The
outer hodoscope channels were used to measure
background. A timing counter (T) behind H was
used to identify protons by measuring the time of
flight over the 8.5-m flight path between M and T.
The acceptance of the spectrometer (9.8 msr)
was defined primarily by a thin counter (P) 25.4
cm high and 7.6 cm wide, placed 140.4 cm down-
stream of the target center. In addition, the ac-
ceptance was limited slightly by the apertures of
the magnets.

An incident p was identified electronically as y
=M. S & and included time of flight of the p from
MS to M and pulse height in' and S. Misidentifi-
cation of mesons in the beam was negligible at
low momenta and rose to 1.7% at the highest mo-
menta. AP backward elastic trigger was p P
~ Z,.IJ,. placed in coincidence with a gate generated
from the proton time of flight fromM to T.

Kinematics and good time-of-flight separation
resulted in excellent signal to background in the
hodoscope distributions (Fig. 2). Empty-target
rates, typically 15' of the target-full rates,
were measured at each momentum and subtracted.
After this subtraction, no statistically signifi-
cant background was observed in the outer chan-
nels of the hodoscope.

In the region of the S meson, the experimental
energy resolution was dominated by energy loss
in the hydrogen target. In addition there was a
contribution due to the beam-momentum spread
which was calculated from beam optics and con-
firmed byP-range measurements. At 505 MeV/c
the rms momentum resolution was+12 MeV/c or
+ 2 MeV in the c.m. system.

Multiplicative corrections to the measured
cross sections are small. Ranges given below
are for increasing incident momentum.

MS

Q7 —— Q8

One Meter

FIG. 1.. The experimental apparatus.
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FIG. 2. Typical distributions on the hodoscope of tar-
get-full and normalized empty-target data, and the sub-
tracted results. Kt = yz/p~z, the ratio of incident beam
fluxes with target full and empty.

(1) Correction for beam mesons that are mis-
identified as antiprotons. Since events produced
by m are kinematically distinguishable from true
events only the correction to the incident p flux
is significant. This measured correction varied
from 1.0 to 1.017.

(2) Absorption of antiprotons in the liquid-hydro-
gen target was calculated from published data. "
The correction exhibited a smooth variation from
1.086 to 1.051.

(3) Correction for spectrometer acceptance in-
cluded recoil-proton absorption in the hydrogen
target, and multiple Coulomb scattering in the hy-
drogen target, I' counter, and air path. This
was determined by Monte Carlo calculation to
vary smoothly from 1.270 to 1.045 (1.10 at 500
MeV/c).

(4) There were four momentum-independent
corrections at the 1o/o level: (a) absorption of p
in the beam counter S„(b)beam profile and tar-
get shape, determined by beam multiwire pro-
portional counters and target x rays, respectively,
(c) recoil protons absorbed in the acceptance de-
fining counter I' and air path between target and IJ
hodoscope, and, (d) backward scattering events
which were vetoed by pions arising from annihila-
tion of the stopped antiprotons and emitted back-
ward into the Cherenkov counter.

The corrected differential cross section for pp
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FIG. 3. (a) Previous measurement of pp pp(cose, ~
-0.8). The curve is a potential model calculation of

Dover and Richard (Ref. 21). (b) Results of this exper-
iment. The solid curve is a fifth-order polynomial fit
to our data. The dashed curve is the potential-model
prediction of Dover and Richard (Ref. 21) and the dot-
dash curve represents that of Dalkarov and Myhrer
(Ref. 22).

scattering at 180' as a function of incident mo-
mentum is shown in Fig. 3(b), and is also tabu-
lated in Table I. The errors shown are statisti-
cal only and average about 6% in the S region and

10% near pp= 805 MeV/c (F. , =2020 MeV). We
estimate that the systematic errors are about 4%.

The data show a broad smooth enhancement in-
dicating the passage of the second diffraction max-
imum through 180' as the momentum changes. "
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TABLE I. Differential cross section at 180' ((cos6)
= -0.994) for pp elastic scattering as a function of p
momentum Q).

p
{MeV/c)

do'(180') /dQ
(mb/sr)

p
(MeV/c)

do(180 )/dQ
(mb/sr)

406
434
460
473
486
498
510
516
523
534
540
558
581
603
625

0.602 + 0.099
0.765 + 0.090
0.825+ 0.065
0.776 + 0.081
0.928 + 0.056
0.964+ 0.047
1.011+0.037
0.937+ 0.050
0.965+ 0.046
0.905+ 0.034
0.851+ 0.056
0.833+ 0.051
Q.760 + 0.053
0.673 + 0.040
0.607+ 0.049

647
669
690
713
735
756
777
798
808
819
839
860
881
901
922

0.458 + 0.031
0.441 + 0.038
0.308+ 0.024
0.288+ 0.022
0.266+ Q.Q19
0.183+ 0.016
0.158+ 0.010
0.128+ 0.015
0.124+ 0.008
0.103+0.011
0.091+ 0.011
0.084+ 0.011
0.072+ 0.010
0.074+ 0.008

. 0.066 + 0.007

The dashed curves are potential-model predic-
tions" 2' neither of which agree well with our da-
ta. The solid curve is the result of a fifth-order
polynomial fit to our data with a )('/degrees of
freedom of 0.711. There is no evidence in this re-
action, at the 0.1-mb/sr level, for a narrow res-
onance (I'& 10 MeV) in the region of the S. In this
region of 10-MeV/c spacing of the data points
and the experimental momentum resolution (+ 12
MeV/c) are approximately equal and correspond
to+3-MeV c.m. energy. In addition, we see no
resonance near 805 MeV/c where E, =2020
MeV. In both regions substantial structure is ex-
pected in the elastic channel associated with
these resonances, both of which have been re-
ported to be strongly coupled to the PP channel. ' '
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