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In our study of the n*p interactions at 3.65
BeV/c and 77p at 3.7 BeV/c, leading to p°ntp
in the final state, we have observed evidence
for the Drell process: i.e., diffraction scat-
tering of a virtual pion from the proton.! The
mass of the p°1r:h system for the events associ-
ated with the “diffraction scattering effect”
shows a considerable enhancement in the A,(1080)
mass region. On the other hand, the events
in the A,(1320) mass peaks are not associated
with diffraction scattering. Thus at the ener-
gy investigated here the A, enhancement can
be accounted for by the presence of diffraction
scattering. This result is in accordance with
the model proposed by Deck® and later elabo-
rated by Maor and O’Halloran.?

The work on the 7 interaction was carried
out in the Brookhaven National Laboratory 20-
in. hydrogen bubble chamber exposed in the
Brookhaven-Yale beam at the AGS. The work
on the 7~ interactions was carried out in the
Lawrence Radiation Laboratory 72-in. hydro-
gen bubble chamber exposed in a negative-par-
ticle beam at the Bevatron. We have identified
1784 events of the type 7t +p ~nt+ 77 + 7t +p,
which we analyzed by conventional methods,
and 1286 events of the type 7~ +p—-nt+ 77+ 7"
+p, which we analyzed on the Lawrence Radia-
tion Laboratory flying-spot digitizer (FSD) and
by associated programs.*

Let us first consider the proton vertex in the
Feynman diagram shown in Fig. 1. Here events
are selected with at least one 7t7~ combination
in the p° band.® To study this vertex we have
looked at the correlation between the 7tp mass
for the outgoing particles and the pjn, oyt Scat-
tering angle App in the 7%p rest system. This
is shown in Figs. 1(a) and 1(c). Here we note
two distinct features: (a) an enhancement of
events in the region of the %, # resonances
N**%(1238) and N*°(1238), the latter at about
10% the intensity of the former; (b) a very strong
enhancement of events at small scattering an-
gles, cosapp > 0.8, for both the 77p and 77p
data. As may be noted from Fig. 1., the cosapp
distribution becomes more forward peaked with
increasing mass of the outgoing 7%p system,

M (Trip), in a manner characteristic of diffrac-
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FIG. 1. Scatter plots of cosay, Vs M(pr*) for n'p
and 77p interactions. The mass projections are
shown in (b) and (d), respectively. The shaded regions
correspond to A%(pr*) < 1.0 (BeV/c)?. The arrows
delineate the four mass regions discussed in the text.

tion scattering. To further investigate this
effect we have divided the Trip mass distribu-
tion into four intervals of width 0.25 BeV, start-
ing at 1.09 BeV. These intervals were chosen
so that the corresponding differential cross sec-
tions represent averages over the various known
N* resonances. Thus the first interval includes
the Nj,,*(1238) resonances. The next two inter-
vals encompass the N,,,*(1510) and N,,,*(1690)
resonances, respectively, in the 77p system.
The last interval, 1.84 to 2.09 BeV, includes
the N,,*(1920) resonance. The differential
cross sections for the first three energy bands
are given in Fig. 2 for a A? cutoff to the 7%p
system of 1.0 (BeV/c)?. This has the effect of
virtually eliminating the contributions from the
A, meson. The corresponding 7*p mass pro-
jections are shown shaded in Figs. 1(b) and
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FIG. 2. The differential cross section d%s/(dQdM)
for the four M{pr™) regions. (a), (b), (c), (e), (f),
and (g): A%(pr¥)<1.0 (Bev)®. (d) and (h): No A? cutoff
is applied. The A4, band is removed, however. The
curves correspond to elastic 7%p scattering cross
sections averaged and normalized as discussed in the
text. The dotted lines illustrate the exponential drop-
off at small angles.

1(d). For the mass interval 1.84 to 2.09 BeV
our small sample of events did not permit us

to eliminate events with Anipz >1 (BeV/c).

In order to investigate this mass region as well
we have chosen to remove events associated
with the A, band (1.26 <M1T:tpo <1.38 BeV).

We have taken two distinct approaches in pa-
rametrizing these experimental data as follows.
(a) Diffraction scattering at the 7¥p vertex. —
If we interpret our data in terms of diffraction

scattering, we can define a four-momentum
transfer squared, ¢=-2k*(1-cosapp), where
k is the momentum in the c.m. of the outgoing
7tp system. This corresponds to treating the
proton vertex as elastic m¥p scattering on the
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mass shell at a total energy given by M (r%p).

We can now consider the average cross section
d?0/dSWM in mb sr—! BeV~! for each of the four
different mass bands. We find that the data at
small apyp values can be represented by the same
variation with ¢, namely, e~% | which holds

for 7*p and 77p scattering on the mass shell.

We find that the a, and a_ values for “virtual”
7*p and 77 p scattering lie in the region 8 to

12 (BeV)™2, There is a slight indication that

the a, parameters increase with increasing
mass of the 7¥p system. Our limited statistics
and systematic uncertainties do not permit us

to determine these values more closely. The
trend we observe is for the a, values to be some-
what larger than those obtained for ntp scatter-
ing on the mass shell. The dashed lines on the
semilog plots in Fig. 2 indicate that at small
angles a good fit can be obtained with an expo-
nential dropoff.

(b) Comparison with elastic 7¥p scattering
experiments. —Here we have taken the available
experimental 7*p and 77p elastic differential
scattering cross sections from counter exper-
iments® and have averaged these over the four
mass intervals specified above, i.e.,

do M; do
el —f —Clam M M)
aw/ =), e M)

)

To carry out a quantitative comparison of our
experimental data with the elastic scattering’

we would need to take into account the p° cou-
pling constant and the off-the-mass-shell cor-
rections for the various high-spin isobars in-
volved as well as form factors for pion exchange®
or absorption effects® or both. While such a
detailed comparison may eventually be possible,
we have for the purposes of the present note
taken an empirical approach. We have compared
the (dog)/dS) distributions with our experimen-
tal d?0/d2dM distributions by normalizing the
elastic differential cross section to the exper-
imental points in the cospy region 0.8 to 1.0.
The normalization factor, b, can be expressed

by
do d%c )
b= el
- << as aQuam / =0°

We find that (a) the general shapes of our ex-
perimental distribution are remarkably close
to the distributions of {dagg)/d); (b) for the

N***(1238) and N*°(1238) resonance bands the




VOLUME 15, NUMBER 18

PHYSICAL REVIEW LETTERS

1 NOVEMBER 1965

Table I. Adjustment parameters b, corresponding
to the ratio of the forward-scattering cross section
d%c/dQdM of a virtual pion in p’rp production to that
in elastic nip scattering averaged over the same ener-
gy intervals. For the first three average intervals
the data have a cutoff in momentum transfer A%(p%
< 1.0 (BeV)%.

% mass

interval b, (for 7p) b_ (for m7p)
(BeV) (BeV) (BeV)

1.09-1.34 2313 2415

1.34-1.59 112 2558

1.59-1.84 14%4 37t

1.84-2.09 16132 e

aAz band out; no A%(p?) cutoff.

parameter 6 is essentially the same (b=~23 BeV),
while for the N*°(1510) and N*°(1690) bands the
parameter b increases slowly with total ener-
gy (see Table I). The “errors” in the param-
eter b quoted in Table I reflect rough limits
over which the curves could be fitted to the
data. Furthermore, we note that an addition-
al systematic uncertainty in this parameter
may be of the order of 30%. This comes from
(i) the uncertainty in the absolute cross-section
calibration; (ii) the treatment of “double-p”
events, which constitute about 20% of all events
with p mesons (we have included both 7¥p com-
binations for these events with a weight factor
of 3 for each combination); (iii) residual back-
ground effects.

We now turn to the question of the A, and A,
“mesons,” which are observed as enhancements
in the 7¥p° system. If we limit ourselves to the
sample of events primarily associated with dif-
fraction scattering—i.e., cosayy > 0.8 and
M (pnt)=1.34 BeV —we find a broad enhance-
ment in M (7%p°), with evidence of peaking at
the A, and A, bands. Aside from a small A,
contribution this mass distribution can account
for the entire A, enhancement observed in our
data. On the other hand, eliminating the events
associated with diffraction scattering —i.e.,
cosozpip <0.8 and leaving the same condition on
M(pn*)—we remain with a clear A, peak [see
Figs. 3(a) and 3(b)], whereas the 4, peak has
completely disappeared.

Finally, we observed a striking difference
between the A, and A, by examining the decay
products of the two “resonances.” Both decay
into a p and a 7 meson. For the 4, “resonance”
we find the resulting p° meson to be strongly
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FIG. 3. The M(r*0") mass distribution with the N*++
band removed. (a) The distribution for cosa s = 0.8,
i.e., for the events we have associated with “diffrac-
tion scattering.” (b) The events with cosa <0.8.

aligned relative to the incident pion direction
(see Fig. 4). This indicates that the p° meson
is probably produced directly via a one-pion
exchange mechanism, aligned with m =0 giving
an angular distribution I/(cosa)=cos?a. For
the A, resonance the resulting p° mesons are
not aligned with respect to the incident pion
direction, indicating that they are indeed de-
cay products of a distinct resonance.

From all the evidence presented here we con-
clude that the A, enhancement as observed in
our data results from diffraction scattering
of virtual pions.

To completely rule out the possibility of a
bona fide A, resonance it will be necessary to
analyze the very marked A, enhancement ob-
served at higher energies™ in a similar man-
ner, and to check whether or not a residual
A, resonant state is present after accounting
for diffraction effects. A number of observa-
tions on similar experiments have recently ap-
peared!'™'® which favor the conclusion we have
reached about the A, enhancement.

We wish to thank Luis W. Alvarez for mak-
ing the 72-in. bubble chamber available to us;
the FSD crew under Howard S. White and our
own scanning staff at Berkeley; R. Shutt at
Brookhaven National Laboratory for making
the 20-in. bubble chamber available to us; and
H. Brown for helping with our run at Brookhaven.
Finally, we wish to acknowledge the help of
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FIG. 4. The distribution of cosw,,, the 77 scatter-
ing angle in the p c.m. The data shown are selected
with %0’ mass in the 4; and A, bands, respectively,
and for (r%)qyt masses above the N*(1238) band.

John L. Brown and George H. Trilling in vari-
ous stages of this work.
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K'n CHARGE-EXCHANGE SCATTERING AT 2.3 BeV/c*
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John A. Kadyk, Bertram M. Schwarzschild, and George H. Trilling
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(Received 20 September 1965)

We present here the differential cross sec-
tion for the reaction K*+n~K°+p at 2.3 BeV/c.
On comparing the differential scattering cross
section in the forward direction with the val-
ue derived from the optical theorem, we find
the experimental value to be considerably larger
than the optical-theorem point. This indicates
that the charge-exchange amplitude is predom-
inantly real.

734

This study is based on an analysis of 297
events of the type

Kt+d—=K°+p+p, (1)

with a visible K° decay. The events were ob-
tained in 100000 photographs taken with the
Brookhaven National Laboratory 20-in. bubble
chamber filled with deuterium and exposed

to a K* beam at the AGS.! In this sample we
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FIG. 1. Scatter plots of cosayy VS M{pn®) for n'p
and 77p interactions. The mass projections are
shown in (b) and (d), respectively. The shaded regions
correspond to Az(pni)s 1.0 (BeV’/c)z. The arrows
delineate the four mass regions discussed in the text,
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FIG. 4. The distribution of cosw ;, the 77 scatter-
ing angle in the p c.m. The data shown are selected
with 70" mass in the Ay and 4, bands, respectively,
and for (-rr*p)out masses above the N*(1238) band.



