
PHYSICAL REVIE% C VOLUME 30, NUMBER 3

Rapid Communications

The Rapid Communications section is intended for the accelerated publication of important new results M.anuscripts submitted to tins section are
given priority in handling in the editorial office and in production A. Rapid Communication may be no longer than Pl~ printed pages and must be
accompanied by an abstract. Page proofs are sent to authors, but, because of the rapid publication schedule, publication is not delayed for receipt of
corrections unless requested by the author.

Polarization-analyzing power equality as a test of time-reversal invariance
in strong interactions

C. R. Meitzler, A. E. Khalil, A. B. Robbins, and G. M. Temmer
Nuclear Physics Laboratory, Rutgers University,

New Brunswick, Xee Jersey 08903
(Received 23 April 1984)

The polarization of protons from the 7Li( He, p)9Be reaction was measured at four laboratory angles
between 70' and 85' at a bombarding energy of 14 MeV. The results are in marked disagreement with

earlier reported measurements performed under similar conditions. A comparison between our polariza-
tion measurements and previous analyzing power measurements for the inverse reaction initiated by polar-
ized protons shows no evidence for violation of time-reversal invariance as claimed.

One of the tools to observe possible T-violating effects in
strong interactions is to measure (P —A): the difference
between the polarization of the particles produced in a nu-
clear reaction initiated by unpolarized projectiles (P) and
the analyzing power (A) in the exact inverse reaction in-
duced by polarized particles. If the Hamiltonians of the in-
teractions involved are invariant under the time-reversal
operation, then the polarization and the analyzing power
must be equal.

Three years ago the results of an experiment to test
time-reversal invariance (TRI) were reported in which the
proton analyzing powers A in the sBe(p, 3He)'Li and
"B(p,3He)sBe reactions were compared with the proton po-
larizations P in the inverse reactions, Li('He, p) Be and
sBe('He, p) "B, respectively. ' TRI demands that P=A at
the same center-of-mass energy and angle for each pair of
reactions. Significant differences were observed (Fig. I).
The magnitude of these discrepancies was too large to be at-
tributed to other than strong interaction processes.

Following this announcement, a group at Los Alamos re-
peated the measurement of the polarization of protons from
the 98e(sHe, p) "B reaction between 35' and 50'. Their
results were in disagreement with those of Slobodrian et al. '

We undertook an experiment to measure independently
the polarization of the protons from the reaction
7Li(3He, p)sBe at the center-of-mass angles where the larg-
est discrepancies between the polarization and analyzing
po~er had been observed. This experiment, involving the
reaction of 'He with 7Li in which protons are produced and
then elastically scattered by an analyzer, is clearly the more
difficult to perform. We have accepted the measurement of
3 with their smal1 statistical errors as previousIy reported. '

%'e attempted to address a number of possible causes for
the large discrepancies between I' and A. First of all, we
used carbon rather than silicon as an analyzer of the proton
polarization; at the relevant energies carbon has an analyz-
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FIG. 1. Polarization (k) and analyzing power () data of Ref. 1,
and present polarization (~ ) measurements for Li( He, po) Be.
Results for P from Ref. 7 also plotted (V}.
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30 POLARIZATION-ANALYZING POWER EQUALITY AS A TEST. . .

jccting a very low current beam of 16.0-MCV protons direct-
ly into the polarimeter set at 0 . The discriminators were
adjusted such that particles falling 2 MeV or more below the
elastic protons from carbon would not appear in the final
spectrum. The energy interval to the inelastic proton group
leading to the 4.4 MeV first-excited state of ' C was used
for this calibration. The resolving time of 3.0 IM, sec resulted
in a negligible random coincidence rate in view of the ex-
tremely low counting rates from the discriminators.

The stability of the data acquisition system was checked
with a pulser and resistive divider network that simulated
pulses from the (AE —E) detector telescope. The observed
drift in the timing over several days was determined to be
less than 3'lo of thc resolving time of the circuit. Thc gain
drift of the amplifiers was less than 1% (two channels) or
equivalently 200 keV in the total energy spectrum. Since
the energy interval between the ground state and first-
excited state proton group ln the Ll( He, p) Be is about
1600 keV, this gain shift did not noticeably affect our
results.

As an overall check of the polarimeter, data acquisition
system, and beam positioning slits, the polarization of 16-
MeV protons elastically scattered from ' C was measured.
Thc proccdurc fol this mcasurcmcnt was identical to that
used for the 7Li(3He, po)98e polarization measurements.
The polarization measured in this test, 0.47S +0.030, agreed
satisfactorily with the published value 0.4S4+0.010.5 This
indicates that the systematic errors in our measured polari-
zations are small ( —+0.02) compared to the statistical er-
rors ( —+0.15).

Polarization measurements for the 7Li(3He, po)98e reac-
tion were carried out at 70', 7S, 80', and 8S' in the labora-
tory system. At each energy the thickness of the energy ab-
sorbcrs was chosen so that the average energy of the
ground-state proton group at the center of the analyzer foil
was 18.1 MeV. In this energy range the analyzing po~er of
carbon is well known. Instrumental asymmetries were
minimized by taking data sequentially on opposite sides of
the accelerator beam axis. Remaining asymmetries caused
by beam misalignment, translation of the target parallel to
the beam axis and variations of the cross section across the
analyzer foil were not eliminated by this procedure. %e did
measure the angular variation of the 7Li(3He, po)98e cross
section and found it to be essentially flat. Using this infor-
mation, we performed a computer simulation allowing for
the finite acceptance angles of the analyzer foil as well as
those of the polarimeter telescopes, yielding negligible in-
strumental asymmetries (less than 0.01); in addition, the
polarimetcr calibration using carbon as a primary target
described above leads us to set a limit of +0.02 to the un-
certainty in our determination of I', which is very small
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compared to the quoted statistical errors.
Sample telescope spectra typical of a complete polarization

measurement are shown in Fig. 4. The vertical arrows indi-
cate the channels between which we summed the counts
corresponding to the highest energy proton groups leading
to the ground state of 98c. The energy calibration was ob-
tained as described earlier, and yielded the energies for the
highest energy proton and deuteron groups listed in Table I.

Our results for the polarization measurements in the
7Li(3He, po)9Be reaction are listed in Table II and are also

FIG. 4. Typical recorded polarization detector-telescope spectra at
75' laboratory angle. "LEFT," "RIGHT" refer to the polarimeter
position relative to the beam; "left," "right" refer to the telescopes
at fixed angle of 47' with respect to thc center line of the polarime-
ter. The vertical arrows indicate the limiting channels between
which the ground-state proton groups were summed.

TABLE I. Energies of the proton and deuteron groups.

Average energy
after target

(MeV)

Average energy
after absorbers

(Mev)

Average detected energy
after 2nd scattering

(Mev)

7Li(3He, po)98e

7Li(3He, pI)98e

Li( He, d(})98e 18.1

18.5

11.8
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TABLE II. Results for the polarization measurements in the
7Li(3He, po) 98e reaction.

e„b(deg) Polarization (P)

70.0
75.0
80.0
85.0

78.1

83.3
88.4
93,5

—0.23 + 0.12
—0.33 + 0.12
—0.28 + 0.16
—0.40 +0, 12

plotted in Fig. j.; they are in complete disagreement with
those reported in Ref. 1. After ouf measurements were
nearly completed, we learned of polarization measurements
for the same reaction at laboratory angles between 20' and
75' by Trelle et a1.7 The authors used a magnetic spectro-
graph to separate the ground-state protons before they were

scattered by a carbon analyzer foil. Their results are also
displayed in Fig. 1, and are seen to be consistent with our
measurements within the quoted uncertainties.

%e believe that the outcome of our measurements, to-
gether with those of Refs. 2 and 7, do not support evidence
for time-reversal invariance violation claimed by the
Berkeley-Laval collaboration. '

%e gratefully acknowledge the assistance of R, Leidich
and P. Vlahakis in. the operation of the accelerator„R. Klein
in the target preparation; Yan Bailing, N. K. B. Shu, and
G. Kumbartzki for developing. the data acquisition software
and maintaining the computers; 8. Flaugher for assistance
in building the slit amplifier system, and in data collection;
and F. DeAngelis, L. Goldman, and J. Wolinski for their
help during the long runs. This work has been supported in
part by the National Science Foundation.

~R. J. Slobodrian, C. Rioux, R. Roy, H. E. Conzett, P. von Rossen,
and R. Hinterberger, Phys. Rev. Lett. 47, 1803 (1981);C. Rioux,
R. Roy, R. J. Slobodrian, and H. E. Conzett, Nucl. Phys. A394,
428 (1983).

2R A Hardekopf P ~ Keaton P ~ Liso~ski and L R yeeser
Phys. Rev. C 25, 1090 (1982).

3G. M. Temmer, A. B. Robbins, and C. R. Meitzler {unpublished).

4%. Haeberli, Progress Report, Nuclear Physics Laboratory, Univer-
sity of %isconsin, 1982.

5H. Q. Meyer, %'. Q. %eitkamp, J. S. Dunham, T. A. Trainor, and
M. P. Baker, Nucl. Phys. A269, 269 (1976).

J. P. %ofiinski, Senior Honors Thesis, Rutgers University, 1983.
7R. P. Treile er aL, Phys. Lett. 134B, 34 {1984).


