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Difference in Energy Dependence for A,~ and A,° Production
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We present a comparison of 4,” and A2° production. The cross section for the pro-
duction of 4," falls much more rapidly with increasing energy than the A,” cross sec-
tion. The characteristics of the production processes seem to be very similar in other
respects. These facts are hard to understand in terms of a Regge picture of the pro~

duction process.

We wish to report on three experiments which
give results on the production of the A, meson.?
We present results from 7-BeV/c 77p and 7*d ex-
posures in the 30-in. Argonne National Labora-
tory—Midwestern Universities Research Associa-
tion chamber and a 25 BeV/c 77p experiment in
the 80-in. Brookhaven National Laboratory cham-
ber.

The production characteristics of the A4, are
similar in each of the three experiments. The
A,” is produced in a large J¥=1" background
coming from diffractive processes. In Figs. 1(a)
and 1(c) we see that the A, signal is greatly en-
hanced relative to the background by requiring
that the momentum transfer to the recoil proton

be larger than 0.1 (BeV/c)? [0.15 in Fig. 1(a)].
The diffractive background is not present for the
A,° in Fig. 1(b) and the AZ? cut does little to im-
prove the signal. We have drawn on the mass
plots the fitted Breit-Wigner (BW) curves. The
error bars show the level of background obtained
from a Zemach?® analysis of the 2* signal and the
mass range considered in the analysis, respec-
tively. The background assumed in making the
BW fit is shown as a cross line. The mass val-
ues obtained in the fits were 1.29, 1.31, and
1.305 BeV/c? with widths of 0.102, 0.122, and
0.085 BeV/c? for the charged and neutral 7-BeV/
¢ data and the 25-BeV/c data, respectively.

All three experiments yield a ¢ distribution for
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FIG. 1. (a) M(37) distribution from the reactions ™ p—pn*r~ 7~ and 7~ p—p7~ 77 at 7 BeV/c, 2.6 events/ub.
(b) M (r*7~1°) from the reaction wtd—p prin~ 7% at 7 BeV/c, 5.6 events/ub. This plot has Ips 1 < 0.3 BeV/c and
includes three-prong events. (¢c) M (r*r~7~) from the reaction 7~p— pr*r~ 1~ at 25 BeV/c, 3.3 events/ub, All
of the mass plots have N*(1238) removed. (d) A, % distribution from the reaction 7~ p— pA,” at 7 BeV/c with A,”

— 1"~ (see Morse in Ref. 1),

1393



VoLuME 25, NUMBER 19

PHYSICAL REVIEW LETTERS

9 NOVEMBER 1970

37 NORMAL p HELICITY ANGLE p DECAY ANGLE
(a)7Gev/c T*d

20 20 20
10 10 IOMW/W

(b) 7GeV/c Tp

|
P
(=)
o
5-
L
e
o 4
P
L
5
o
5-

30 30
20 20
10 10
I I
-L0 (o] 1.0 -0 o

(c)25Gev/c 7 p

EVENTS /0.1 INTERVAL IN COSINE

L2 >o0.1
20 20
-1.0 o} 1.0 -LO o} .0 -IL.O (o} 1.0
cos(By) cos (&) €0S(8,acxson’

FIG. 2. (a)-(c) Angular distributions for the A, as
seen in 7-BeV/c n*d, 7-BeV/c m~p, and 25-BeV/c
7 ~p . The angles plotted are the 3r normal (cosB),
the p helicity angle (cos¢), and the p decay angle
(cosh).

the A, (together with background) which falls as
~e¢*%t, In Fig. 1(d) we show the momentum-trans-
fer spectrum from the process 77p —pA,” at 7
BeV with 4, —n°7~,* which process has little
background.

Next we consider the angular correlations as-
sociated with the decay of the A,. The decay
mode A,— p7 is such that the p has helicity 1
and the 7 and p are in a relative d wave. This
means that we should see p’s with helicity 1, as
we do when we look at the distribution of the
helicity angle £ in the decay of the p in Fig. 2.
The Jackson angle (6), i.e., the decay angle of
the p relative to the beam direction, is more or
less flat, which is completely different from the
background of diffractively produced p’s which
have helicity 0. The distribution in cosp, the
normal to the 37 decay plane, relative to the
incident beam direction, is also similar for the
three experiments. In the 7-BeV/c data we see
the cos?(8) +cos?(28) behavior with a sin?8 from
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Table I. Ratio of neutral to charged 4, cross section.

PL (2 (Az-)a a (Azo)
(BeV/c) (ub) (ub) R(A,"/a,7)
3.65 180 1 60 190 +50 1.06 +0.45
7.0 130 +30 50 +15 0.38 +0.14
2See Ref. 6.

the 1* background yielding a three-peaked struc-
ture.® The angular distributions from the 25-
BeV/c experiment show a stronger 1* background
although the helicity angle does show the peaking
at cos£ =0 characteristic of a p with helicity 1
from the A,. We conclude that the helicity states
are populated in similar ways in the three ex-
periments and, in fact, are characteristic of p
exchange for the production process.

As was pointed out by the Michigan group,? the
ratio of 0(4,°%)/0(4,”) should be 2:1 if the produc-
tion mechanism were simple p exchange. In
Table I, we give the ratio of cross sections for
A, production at 3.65 BeV/c from the Michigan
group and at 7.0 BeV/c. From these results it
is clear that A, production is not dominated by
p exchange. Also apparent is the fact that the
energy dependence is different for 4,~ and 4,°
production, In Fig., 3 we give the cross section
for A,” and A,° production. The cross section
for A,° production falls like P, "2 and A, ~ like
~P; "1.7 Other aspects of the production of these
particles seem to be very much as expected. We
have measured 4,7 = o7~ and A,” - p 7% at 7
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FIG. 3. Cross section for 4,~ and A20 production
versus laboratory beam momentum. Points indicated
by X are our estimates from published data; see Refs.
1 and 2. (a) 1, Key et al.; 2,4, Chung et al.; 3, Ben-
son et al.; 5, Ascoliet al.; 7, Cason et al.; 8, 10,
Ioffredo et al.; 9, Ballam et al.; 12, Conte et al.; all
of these references are listed under Ref. 1. (b) 1,
Miller et al.; 2, Benson et al.; 3, Armenise et al.;

5, Kenyon et al.; all of these references are listed un-
der Ref. 2.
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BeV/c. This has been done by reconstructing the
7° trajectories by measuring the direction of the
y rays. We find the ratio of the two modes is 1:1
with about 20 % uncertainty. The helicity distri-
butions of the produced A,’s seem to be as expect-
ed for p exchange. The usual explanation of the
production process is that both p and f° exchange
occur. The energy dependence of the charged A,~
cross section might be consistent with p and f°
(or P’) exchange but the A,° cross section is not
consistent, as it seems to fall off too rapidly
with energy.

These results appear difficult to understand in
the framework of Regge models. The p and P’
trajectories should be close to each other, yet
the energy dependences are grossly different.
The A,° should be produced solely by p exchange
yet the energy dependence seems also to be in-
consistent with the p trajectory, though this is
not the main point of our argument.

We would propose that the production process
for the A,” is quite closely related to the A4,
production process, or so called “Deck” mech-
anism. In the “Deck” mechanism either a 7 or
a p comes from the 7—7-p vertex and subse-
quently scatters from the nucleon or nucleus.
The result is that the p’s so produced tend to
have their spins perpendicular to the beam direc-
tion. In the mechanism proposed the p from the
m—7p vertex is scattered and has its spin flipped
to a helicity £1 in the process. The A, is formed
as a result of a final-state interaction. In the
neutral A production, the spin-flipped p must
also be charge exchanged in the scattering pro-
cess. Thus, it is not surprising to find that the
energy dependence of the two processes are dif-
ferent, yet the angular correlations are nearly
the same. This sort of two-step process was
discussed in outline at least by Byers and Fraut-
schi.®

We wish to acknowledge the work of our scan-
ners and measurers, in particular S. Maggs and

G. Busse. We also wish to thank W. B. Fowler,
R. P. Shutt, and the Brookhaven National Lab-
oratory bubble chamber group for their cooper-
ation. At Argonne the assistance of L. Voyvodic
and his group is appreciated.

*Work supported in part by the U. S. Atomic Energy
Commission under Contract No. AT (11-1)-881,
CO0-881-284,

tWork supported in part by the National Research
Council of Canada.

!A. W. Key et al., Phys. Rev. 166, 1430 (1968); S. U.
Chung ef al., Phys. Rev. Lett. 18, 100 (1967); G. As-
coli et al., Phys. Rev. Lett. 21, 113 (1968); N. M.
Cason et al., Phys. Rev. Lett. 18, 880 (1967); M. L.
Toffredo, thesis, Harvard University (unpublished);

J. Ballam et al., Phys. Rev. Lett. 21, 934 (1968);

F. Conte et al., Nuovo Cimento 514, 175 (1967);

R. Morse, thesis, University of Wisconsin, 1969 (un-
published); T. F. Johnston et al., “Production and
Decay of the A, Meson in 7 BeV/c n~p Interaction,”
University of Toronto, 1969 (unpublished).

’R. J. Miller et al., Phys. Rev. 178, 2061 (1969);
G. Benson et al., Phys. Rev. Lett. 16, 1177 (1966);
N. Armenise ef al., Phys. Lett. 25B, 53 (1967); 1. R.
Kenyon et al., Phys. Rev. Lett. 23, 146 (1969).

35C. Zemach, Phys. Rev. 133, B1201 (1964).

“For the events plotted in Fig. 1(d) we have measured
and fit the gammas for 7°— yy in the 7 BeV/c n7p data.
SThis angular dependence is obtained if we take py;
=0.5 and neglect all off-diagonal density-matrix ele-

ments.

%These cross sections are corrected for Ay P ~x0,
For the 3.65-BeV/c data see Benson et al., in Ref. 2.

"It ¢ (4,") were to fall as 1/P; one would expect to see
this in 0(K°K’). Istead, the KK, cross section is ob-
served to fall as 1/P LZ out to at least 12 BeV/c; this is
quite consistent with our result. It is difficult to disen-
tangle Azo"KloKlo from f0— K1°K1° but there is no part
which falls with energy much less rapidly than 1/p%.
See K. W. Lai, in Proceedings of an Informal Meeting
on Expevimental Meson Spectvoscopy, Philadelphia,
1968, edited by C. Baltay and A. H. Rosenfeld (Benja-
min, New York, 1968).

®N. Byers and S. Frautschi, “Diffraction Dissociation
in the Chou-Yang Model” (to be published).

1395



