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Data are presented showing that the Y&*(1385)production angular distribution in the re-
action ~ P- Y* K+ and in its charge-symmetric counterpart ~+n(P&p)- Y*+K (P&p) is
characterized by peripheral (V Y*=+1) and antiperipheral peaking. Explanation for the
latter is sought in terms of baryon exchange; so comparisons with other ~N- Y~K reac-
tions are made. The peripheral peak cannot arise through the exchange of any known

meson. Alternative explanations are considered. '

The one-particle-exchange model, when modi-
fied by absorption, has been quite successful in
predicting the production angular distributions
and decay correlations in a large class of high-
energy two-body processes. In particular, the
characteristic forward-peaked production distri-
bution can be understood in terms of meson ex-
change, and backward peaking is at least qualita-
tively explained in terms of baryon exchange.

For the reactions

(la)

w+n(p ) —(p }Y*+K'
sp sp

(lb)

from 1.8 to 4.2 GeV/c, we present data on the
production angular distributions, which are char-
acterized by peaking both in the forward direction
(low momentum transfer from the target to the
Y*) and the backward direction throughout this
energy range. At the same energies, we have al-
so studied the reactions

and

m-p —p*'K',

w+n(p ) —(p )Y~K+,
sP sP

w+p(n ) —(n )Y'+K+
sp sp

(2a)

(2b)

(3)

where both meson and baryon exchange are al-
lowed. ' There is no known meson whose exchange
could produce the forward peak in Reactions (1),
and it appears that simple u- or s-channel effects
cannot account for this peaking.

The data used in this report come from two
separate experiments: (a) Approximately 890000

pictures of 7t p interactions between 1.5 and 4.2

GeV/c in the 72-in. bubble chamber, in which
more than 50000 strange-particle events were
found. A comprehensive report on this experi-
ment, known as w63, has been published. ' (b) An

exposure known as @66', consisting of more than
400000 pictures of m+d interactions between 2.8
and 4.2 GeV/c in the 72-in. chamber, yielding
about 17 000 events with visible decays of neutral
strange particles. We have also used prelimi-
nary data from a lower momentum run, n668,
for Reaction (3) near 2 GeV/c.

Because of the rapid decrease of cross section
with energy, particularly for Reactions (1), it
was found convenient to group the data into three
beam-momentum intervals. The data of the two
experiments were compared to check for consis-
tency and then were combined. For angular dis-
tributions, a fiducial volume cut was made. The
events were given weights (which averaged 1.1)
according to their detection probabilities. For
this report, we have examined only AKw (not
ZKw) final states. Further details of the expo-
sures are given in Table I.

The data-analysis methods for w63 have already
been described. ' The @66 events were measured
on both the spiral reader and Franckenstein mea-
suring machines. Ambiguous Franckenstein-
measured events that might be resolvable on the
basis of track ionization information were exam-
ined on the scanning table; the spiral reader au-
tomatically obtained such information. We feel
that the remaining ambiguities do not affect the
conclusions of this report; however, the cross
sections for m66, which are presented in Table I,
are preliminary.

The Am mass spectra in Fig. 1 indicate the
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Table I. Exposure size and Y* production cross section (approximate).

n+n(p) —(p)AKo~+
+ j

0 (Y*E)
(pb)

Momentum Exposure [x p —AE
interval size

a
(GeV/c) Experiment (events/p, b) {events/p b) (events/p b)

a

x+n(p)- (p)AE xo

(~ p —AEo71.o)

~(Y*K)
(C b)

x+p(n}- (n}AE+m

~(Y*E)
{events/pb) (pb)

1.9-2.4
1.8-2.2
2.8-3.2
2.9-3.3
3.8-4.2
3.8-4.2

&66B

&66A
x63
r66A
F63

12.5 + 0.7
~11

12.8 ~ 0.5
~4

5.6 + 0.4

42.8+ 4.0
w6

5.0+ 1.0
~7

1.9 + 1.9

61.6+ 10.0
=25

28.9+7.0

13.0+ 5.4

-90

-28

These columns apply to the events represented in Fig. 1. The values given take into account neutral decays of
A and E and the cuts on the c.m. energy made in ~66 for the maximum-likelihood fits.

presence of I',*(1385). The Y* production angu-
lar distributions (Fig. 2) were obtained by divid-
ing the events into six intervals in An production
cosine, and, for each interval, calculating the
number of ~* events present. The fraction of
each resonance and of phase space was obtained
by using the maximum-likelihood fitting program
MUHTLEBERT, ' which properly takes into account
the effects of K*(890) production competing with

Reactions (1) and (2). It was assumed that the
resonances could be described by simple Breit-
%igner matrix elements with isotropic decay dis-
tributions, and that the various contributing pro-
cesses were noninterfering. These assumptions
seem to be justified by the absence of obviously
important interference effects in the Dalitz plots
and by the generally good fits we get to thd mass

projections over the entire momentum region for
the three reactions.

It is, of course, impossible to rule out some
small but perhaps important interference effects
or other deficiencies in the model just described.
As a check on the method, the angular distribu-
tions were also obtained in a more conventional
manner: by making a mass cut to select the
I'*(1385), eliminating events in the K*(8SO) band,
and subtracting, as background, regions adjacent
in Am mass. The qualitative agreement with the
:~axin.Ium-likelihood results was quite good.

Figure 2 contains the essential results of this
report. The dominant features of Reactions (2)
and (3) and the backward peaks in Reactions (1)
appear consistent with the allowed t- and u-chan-
nel exchanges. '
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FIG. 1. Effective mass of Ax for (a)-(c) ~ p-AE 71

and r n —AE ~+ (d)-(f) x p —AEoxo and x+n AE xo.
and (g)-(i) w+P- AEC w+. The beam-momentum interval
in (a}, (d), and (g) is 1.8-2.4 GeV/c; in (b), (e), and
(h), 2.8-3.3 GeV/c; and in (c), (f), and (i) 3.8-4.2
GeV/c. In (a)-(c), events with production cosine great-
er than g are shaded.
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FIG. 2. Yi*(1385) production angular distribution.
The angle 0 lies between the incident pion and the E in
the final state. (a)-(c): Reactions (1), & p- Y* IC"
and ~+n- Y*+E; (d)-(f): Heactions (2), & p- Y*oE
and ~+n —Y* E+; and (g)-(i): Reaction (3), ~+p- Y*+E+.
The beam momentum interval in (a), (d), and (g) is
1.8-2.4 GeV/c; in (b), (e), and (h), 2.8-3.3 GeV/c;
and in (c), (f), and (i), 3.8-4.2 GeV/c. The errors
shown are statistical only.
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The statistically significant peripheral peak in
Reactions (1) persists through the whole momen-
tum region. The cross section in the forward di-
rection is estimated to be about I p, b/sr at 2

GeV/c and about 2 gb/sr at the higher momenta.
Although the background is also peripherally
peaked, the peaking is stronger in the ~* region.
The shaded events (cos8) f) in Fig. 1 show that
there is a definite Y* signal in the forward direc-
tion. The forward peak cannot be attributed to
the exchange of any single known meson, since
the t-channel quantum numbers require a parti-
cle with I=2, S =1 [for example, in Reaction (la),
a K+m+ resonance].

If the reactions were dominated by a single s-
channel resonant amplitude, parity conservation
would require forward-backward symmetry in the
production distribution in Reactions (2) as well as
in (1). The absence of a backward peak in Reac-
tions (2) at 2 GeV/c, where the statistics are
best, means that at least two significant interfer-
ing amplitudes must be invoked to explain the for-
ward peak as an s-channel effect. The persis-
tence of the forward peak in Reactions (1) as the
energy varies argues against a fairly simple s-
channel effect.

Production angular distributions calculated for
baryon exchange with absorption show, in some
cases, a significant tail extending to cos8 =+1.'
Although one hesitates to take such a model seri-
ously so far from the backward region, it is con-
ceivable that a combination of u-channel exchang-
es interfering in a suitable fashion, perhaps with
an s-channel resonant amplitude, could generate
a forward as well as a backward peak A rapid
change in relative phase with u would be required
to give destructive interference in the backward
direction but constructive interference in the for-
ward direction.

We have not completed a study of the contribu-
tions of two-meson-exchange diagrams to Reac-
tions (1). In the simple quark model, the effect
we observe may be associated with double quark
scattering. '

The absence of forward peaking in the two-body
processes m P-Z K+ and K P-Z m+ has been
cited as weak evidence against the existence of
the particular meson needed to mediate these re-
actions. ' The results presented here indicate
that such arguments against a K*++ resonance
are not necessarily conclusive. A similar "for-
bidden" forward peak has recently been observed
in K p -K+" reactions.

We thank Dr. Luis Alvarez and the many physi-

cists, programmers, and scanners in Berkeley
Physics Group A who have contributed to this
work.

~Work supported by U. S. Atomic Energy Commis-
sion.

)Present address: Michigan State University, East
Lansing, Mich. 48823.

iReactions (1b), (2b), and (3) were observed in x+d

interactions, where one of the target baryons was as-
sumed to be a spectator (as indicated in the parenthe-
ses). Only events with spectator momentum less than
300 MeV/c were accepted.
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The angular distribution of deuteron photodisintegration has been measured at labora-
tory photon energies from 240 to 320 MeV in a spark chamber experiment at the Cornell
2-GeV synchrotron. The angular dependence of the cross section is consistent with oth-
er recent measurements. A comparison with data on the inverse reaction, n+p d+y,
should provide a meaningful test of time-reversal invariance in electromagnetic interac-
tions of hadrons.

It has been suggested' that a violation of time-
reversal invariance in the electromagnetic inter-
actions of hadrons may produce a violation of re-
ciprocity by the angular distributions of the re-
actions

y+d-n+P,

n+P ~y+d,

(I)

(2)

at energies near the peak in the cross section
due to the influence of the h(I236) resonance. In
anticipation of forthcoming experimental results
for the radiative neutron capture, ' new measure-
ments of deuteron photodisintegration have been
undertaken in the hope of resolving the substan-
tial discripancies between the previously pub-
lished results. ' ' Counter measurements have
now been made using proton range, ' proton range
in coincidence with the recoil neutron, and mag-
netic spectrometers. '~' The present Letter re-
ports a new measurement performed at the Cor-
nell 2-GeV electron synchrotron using wire
spark chambers.

The experimental arrangement is shown in Fig.
Unpolarized bremsstrahlung beams of 350-

and 450-MeV maximum energy were produced
from an internal target of the synchrotron. The
beam, after collimation and sweeping, struck a
3.2-in. long liquid-deuterium target. The mo-
mentum of the recoil proton was measured by
means of four magnetostrictive-delay-line wire
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PIG. 1. Experimental layout showing the photon
beam, wire-spark-chamber spectrometer, quantam-
eter, and monitor telescope {15'with respect to the
beam).

spark chambers located behind a bending magnet
with a 6- by 18-in. pole gap, 36 in. long, mount-
ed so as to bend particles in a vertical plane.
Each chamber consisted of a single 0.375-in. gap
bounded by two orthogonal planes of copper wires
with an interwire spacing of 0.042 in. , and had
an active region 10 in. wide and 30 in. high. The
system was triggered by three large-area scin-
tillation counters in coincidence. The discrimin-
ator biases were adjusted to minimize triggers
from minimum-ionizing particles. A helium bag
extended from the target vacuum chamber through
the magnet gap. The counters and chambers
were rigidly attached to the magnet, which could
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