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interior, and (4) the Davis, Harmer, and Hoff-
man interpretation that Y 0;¢; <3x1073 sec™
per CI*7 atom, then an upper limit to the initial
solar helium abundance lies in the range Y,
~(0.16-0.17. This limit is uncomfortably close to
a lower limit of Y}yyer =0.15-0.18 set by de-
manding that the solar model have the sun’s lu-
minosity after 45x10° yr. If all cross-section
factors are varied in a direction favorable for
decreasing ) ,0;¢;, but not beyond limits custom-
arily quoted, then a “penultimate’” upper limit on
Y is Y(1) =0.20. Finally, if cross-section fac-
tors are varied beyond conventional limits by ex-
trapolating low-energy cross-section measure-
ments differently, an “ultimate” upper limit on
Y is Y(1) 0.25. Thus, if conventional assump-
tions about the sun are maintained, a close simi-
larity between model-determined values for so-
lar Y and estimates of Y for other galactic ob-
jects can be achieved only by adopting cross-sec-
tion factors outside commonly accepted limits.
This conclusion could, of course, be avoided if
the Davis, Harmer, and Hoffman limit were an
underestimate.
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THE 37 MASS SPECTRUM IN THE REACTION 7~ p —pntr~n~ AT 13 AND 20 GeV/c.*f
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In the 37 mass spectrum from the reaction m~p—pr*r~r~ at 13 and 20 GeV/c, we ob-
serve an unstructured A enhancement and the production of the 7(1640) meson. Our data
for the 7—p°® mass are compared with the predictions of the one-pion exchange, the dif-
fraction-dissociation, and the double~Regge-pole models. Only the double-Regge-pole
model is able to reproduce the shape of the A enhancement,

The reaction 77p —prta~ 7~ has been studied
at incident 7~ momenta ranging from 3.2 to 16
GeV/c in recent years.! The process has been

characterized by strong production of the A**(1236)

and p°. Of particular interest in this reaction,
however, has been A-meson resonance produc-
tion in the 7~p° mass spectrum between 1.0 and
1.45 GeV. The A, meson at a mass of 1305 MeV
is the only well established resonance in the 4
region, while controversy exists as to whether
the A, effect at a mass of approximately 1070
MeV is a genuine resonance or a Deck®-type kine-
matical enhancement.
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We present here our results concerning the

7tn~ 7~ system in the process
T p—=prtr o~ (1)

at incident 7~ momenta of 13 and 20 GeV/c. Our
data come from 100000 photographs taken in the
Brookhaven National Laboratory 80-in. hydrogen
bubble chamber, 50000 at each of the two inci-
dent 77 momenta. We have obtained 1292 events.
for process (1) at 20 GeV/c¢ from all of the avail-
able film at this energy and 1192 events at 13

GeV/c from approximately 70% of the film. The
contamination from events with one or more 7%s
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is less than 4%. The cross section for process
(1) is 1.14+0.15 mb at 13 GeV/c and 0.89+0.08
mb at 20 GeV/c. The errors are both statistical
and systematic in origin. The 13-GeV/c cross
section is based on only 20% of the film at this
energy.

The “A” Enhancement. —In Figs. 1(a) and 1(b)
we have plotted the mass of the 7t7~ 7~ system
for all events at 13 and 20 GeV/c, respectively.
There is a large enhancement in the A region be-
tween approximately 1.0 and 1.4 GeV. The ar-
rows in the figure are there for reference pur-
poses only; there is no resolution of the A en-
hancement into distinct peaks at either energy.
Our experimental resolution for the 37 mass is
of the order of +20 MeV.
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FIG. 1. The n*n~7~ mass distributions: (a) at 13
GeV/c, (b) at 20 GeV/c, (c) for the sum of the 13- and
20-GeV/c data. The shaded histogram is for events
with 1.15<m (r*17) <1.35 GeV and m (p7) not in
A**(1236) (1.15-1.35 GeV). The arrows indicate the
position of reported resonances.

In Fig. 2 we again plot the 37 mass at both en-
ergies, but now we require that at least one 7tn~
combination be in the p° mass region and we
have excluded events whose pﬂ+ mass is in the
A**(1236) mass region. When we make these
cuts 70% of the events in A region at 13 GeV/c
and 77% at 20 GeV/c remain.

We see from Fig. 2 that there is no significant
structure in the A enhancement in the 77p° mass
spectrum at either energy. As was true for the
uncut 37 spectra, the only significant difference
between the two energies in the 77 p° mass distri-
bution is the sharper falloff at 20 GeV/c occur-
ring in the A, region at a mass of approximately
1.35 GeV. This suggests that the A, cross sec-
tion decreases more rapidly with energy than
does the cross section for the rest of the A en-
hancement.

We have attempted to determine how much of
the A enhancement can be accounted for by vari-
ous models which have been proposed to describe
the reaction 77p = pp°7r~. We will consider the
following three models: a one-pion-exchange
model (OPEM) calculation by Wolf, the diffrac-
tion-dissociation model* (DDM), and the double-

T T T T T
a
0 540 EVENTS .
30+ .

> 2k 4

®

= -—

=

3 ye

e 0 7/ i

& 4 SN

» = -

50 It ! 1

w 1.0 2.0 30

o b

w

© 40 61l EVENTS .

['d

w

[:e]

]

ERS N
201 B
10} o i

- ~~
- X
// __________
1 | 1 n

1.0 2.0 3.0
MASS OF (7 p°) Gev

FIG. 2. The m~p° mass distributions for events with
0.66 <m (r"1™) <0.86 GeV and m (p7*) not in A+t (1236)
(1.15-1.35 GeV): (a) at 13 GeV/c, (b) at 20 GeV/c. The
solid curves are the absolute predictions of OPEM as
calculated by Wolf; the dashed curves are the predic-
tions of DDM normalized to the number of events with
m(r"p%>1.5 GeV.
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Regge-pole model® (DRPM).

The OPEM calculation of Wolf uses the cross
sections for physical nm and mp scattering as in-
put, makes off-the-mass-shell corrections ac-
cording to Benecke and Durr,® and imposes a cut-

off at 1.0 (GeV/c)? in momentum transfer squared.

Any interference between the two possible OPE
diagrams is neglected and symmetrization effects
due to the two identical 7~ ’s in the final state are
ignored. This OPEM calculation successfully
fits the 7tp and 7~p mass distributions and the
details of AT*(1236) production in this experi-
ment. The solid curves in Figs. 2(a) and 2(b) are
the absolute predictions of the OPEM calculation
by Wolf for the 7~p° mass spectra. The calcula-
tion fits the tail of the 7~ p° mass distribution at
each energy fairly well; it cannot account, how-
ever, for all of the events that we observe in the
A enhancement.

The DDM has been calculated according to the
prescription of Ross and Yam.* We have neglect
ed any form factors for the three diagrams in-
volved in this model. The dashed curves in Figs.
2(a) and 2(b) are the predictions’ of the DDM for
the 7~p° mass spectra. The model predicts a
cross section which is a factor of 3.5 times too
large at 13 GeV/c and 7 times too large at 20
GeV/c. We have, therefore, normalized the DDM
shape at each energy to the number of events
with 77p° mass greater than 1.5 GeV. Regard-
less of the normalization, however, the predic-
tion of the DDM, as we have calculated it here,
is too broad to account for the entire A enhance-
ment at either energy.

The DRPM has been calculated using a matrix
element suggested by Berger.® We consider only
contributions from the diagram shown in the in-
sert in Fig. 3(a) in which a Pomeranchukon tra-
jectory is exchanged in I and a pion trajectory is
exchanged in II. The expression used for the ma-
trix element squared is

2 exp(8t') { —I(S“.)}Zan
o 2 ’

2
M1 =No(Sy-++) (1-cosma )
T

where

N =1g2 2_ 2 )2
0=2% (mp 4m *)(mo_ya '),

2
N

ce e = —f - 2
Sq So=ty =™,

S eee =8 ~f — i —_ 2
1 S1 t2 m +2(tl+t2 m_ ),

iy =1 2_ 2_ _ 2
2t2 (mp m. tz)(l‘1+t2 m_ ).
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S, and S, are the mass squared of the 77p and
n—p° systems, respectively, and {, and ¢, are the
momentum transfer squared to the proton and the
p°, respectively. In our calculation we have used
g2/4r=2.2, S,=0.8 GeV?, o;N=30 mb, and ay
=t9-mq®. To remain within the “peripheral” re-
gion of applicability of the model, we have re-
quired that the magnitude of the momentum trans-
fer squared to the p° be less than 1.0 (GeV/c)?
and that the mass of the 77p system be greater
than 2.0 GeV. When these cuts are made on the
data, 76 % of the m~p° events in the A region at

13 GeV/c and 89% of the 7~ p° events at 20 GeV/c
remain, while most of the events in the tail of the
distributions are removed. The model predicts a
cross section at each energy which is 65% of that
experimentally observed for the “peripheral” re-
gion events.® For the purposes of making com-
parisons with the data, we have normalized the
DRPM predictions to the number of “peripheral”
events at each energy. The solid curves in Figs.
3(a) and 3(b) are the normalized predictions of
the DRPM for the 77p° mass distributions at 13

T T T T T T

<] I — 0 b

3 g
g 0+ . T4 —
0 p=—t=——p
[+ 4
&
o 30 304 .
44
z
w
2 oF 04 i
S
x
w10 04 i
@ r
2
4

n 1 1 1

1
10 2.0 1.0 2.0
MASS OF (77p°) Gev

30+

204

T

T

120+

T T T T T 7T

d

NUMBER OF ENTRIES

0 1 1 1 1 1
0 0.32 0.64
Ao pO(Gev/c)?

1L 1 (S R N N WO N
0.96 0 40 80 o 120 160
L2

FIG. 3. (a), (b) The 7~ p? mass distributions at 13
and 20 GeV/c, respectively, (c) the momentum trans-
fer squared to the p° at 20 GeV/c, (d) the Treiman-
Yang angle in the pr~ rest system at 20 GeV/c; all
for events with 0.66 <m (rT1r") <0.86 GeV, m (pr™)
>2.0 GeV, and A? to the p°< 1.0 (GeV/c)?. The solid
curves are the predictions of the DRPM normalized
to the number of events. The insert in (a) shows the
diagram used in the DRPM calculation.
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and 20 GeV/c, respectively. Except for some
events in the A, mass region, the model agrees
with the shape of the A enhancement at 13 GeV/c.
It should be noted that a system having spin and
parity 2%, such as the 4,, cannot be produced by
the DRP process which involves Pomeranchukon
exchange. At 20 GeV/c, the model is able to re-
produce the shape of essentially the entire A en-
hancement.

We have also compared the DRPM predictions
with other aspects of the data. Figures 3(c) and
3(d) show the momentum transfer squared to the
p° and the Treiman-Yang angle in the p7~ rest
system at 20 GeV/c. The solid curves show that
the normalized predictions of the model are in
good agreement with the data. The agreement
with these quantities is equally good at 13 GeV/c
(not shown). The model also describes well the
mass of the p7~ system and the momentum trans-
fer squared to the proton at both energies. Chew
and Pignotti’® have pointed out, however, that
this success of the DRPM does not necessarily
mean that there is no resonance production in the
“A” region.

The 7(1640) meson. — At both energies we ob-
serve production of the 7(1640) meson*! (also
known as the A4;) at a mass of approximately 1650
MeV in the 7*7~ 7~ mass spectra. The produc-
tion cross section for the 7(1640) is 41+6 ub at
13 GeV/c and 28+ 4 ub at 20 GeV/c. The errors
are statistical only. These cross sections were
obtained by counting the number of events in the
m(1640) peaks in Figs. 1(a) and 1(b) above an es-
timated background determined by extrapolating
from neighboring mass regions in the 37 spec-
trum.

In order to increase the statistics in the n*7 =7~
mass spectrum, we have added together our re-
sults at 13 and 20 GeV/c. Figure 1(c) shows the
result of this addition for the 37 mass. The
7(1640) is a 3.5-standard-deviation effect in the
added mass distribution. There is also some ev-
idence for an enhancement at a mass of 1840 MeV
which could correspond to the R, (1830) or the
¢4 (1830).* Our statistics, however, are not
sufficient to establish the existence of this 1840
enhancement.

In the shaded histogram in Fig. 1(c) we have
plotted the 37 mass, adding the data for both en-
ergies, requiring that at least one 77~ combina-
tion be in the f° mass region and excluding events
whose p7* mass is in the A**(1236) mass region.
We observe an enhancement in the 77f° mass
spectrum at the mass of the 7(1640). A wf° de-

cay mode has been observed for the m(1640) in
other experiments.!> We have investigated the
predictions of both the OPEM and the DRPM for
the 77f° mass spectrum. The OPEM cannot ac-
count for all of the events that we observe in the
77f° peak at the m(1640) mass. The “peripheral”
cuts which define the region of applicability of
the DRPM remove 45% of the 7~ f° events in the
m(1640) peak, and although the DRPM prediction
is not inconsistent with the data, the limited sta-
tistics do not allow us to make a meaningful com-
parison of the data with the model. Using the
OPEM calculation of Wolf as a background and
assuming that the events in the peak at the 7(1640)
mass are due to a 77f° decay mode, we obtain a
cross section of 14+ 4 pb at 13 GeV/c and 12+ 3
Wb at 20 GeV/c for the production and decay of
the m(1640) into 77f°. The errors are statistical
only. Examination of Fig. 2 shows that the 7(1640)
does not have a significant 7~p° decay mode.
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HYPERON NONLEPTONIC DECAY ACCORDING TO THE CP-NONCONSERVING THEORY OF OAKES*
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The effect of CP nonconservation in hyperon nonleptonic decay is evaluated according
to a recent theory of Oakes. Only the ratio 8/« for the = ,* decay mode is predicted to
show a sizable effect which, in fact, demands an order of magnitude greater accuracy

than has been obtained to date experimentally.

Oakes! has recently extended the Cabibbo theo-
ry? of weak interactions by adding a neutral cur-
rent-current interaction of the V+ A type to the
conventional charged current-current interaction
of the V-A variety. In so doing, Oakes has as-
sumed that the neutral currents transform as
members of the U-spin triplets belonging to the
same octets as the charged currents; moreover,
a CP-nonconserving part of the weak interaction
is introduced by rotating the third components of
the U-spin triplets about the 6 direction through
a very small angle.

This proposed theory is appealing in the sense
that all eight components of the octet currents
can now be given a physical interpretation.® In
addition, the neutrino may be regarded as a four-
component spinor whose left-handed character is
manifest when it is coupled through a charged
current, while its right-handed character is re-
vealed when it is coupled through the proposed
neutral current.

Whether or not one considers these features
theoretically compelling, the validity of the theo-
ry, of course, hinges on its experimental predic-
tions. Oakes' has systematically evaluated the
consequences of this theory of CP nonconserva-
tion for the leptonic, semileptonic, and several

1216

classes of nonleptonic interaction—in particular
the K decays. He finds no serious discrepancy
with any of the current experimental information.
In this note we wish to pursue the consequences
of this theory for CP nonconservation in hyperon
nonleptonic decay.

The charged hadronic currents are written as*

J (£) 5.(1+42)
U

=cosb _(J +dJ
C( TR )

5,(4 +45)

+sinf (J +J 1

Yty ) (1)
and the proposed neutral hadronic current is giv-
en by

(0) 5,(3-v3 x8)

J =coso(d —-J
i <p(u u)

.. 5,(6-27)
+ising(J -J
o( i )

.. 5,(6+17)
-ising(J -J 2
o( w7y ) , (2)
where J, is the vector current, Ju5 is the axial
current, the superscripts in brackets refer to
the SU(3) indices, and the Cabibbo angle 6
=~0.26 while ¢ ~0.001. With the hadronic part of



