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We have measured the reaction cross section for pp ~ nn in small momentum steps between 0.97 and 3.13
Gev/c to a high level of statistical accuracy. Structures are observed in the vicinity of P„, = 1.25 GeV/c
and 1.8 GeV/c which are consistent with the structure observed in the Pp total cross section.

We report here on an experimental study of the
reaction pp-nn with P momenta in the range 0.9V

to 3.13 GeV/c. Our scintillation-counter experi-
ment was performed at the Brookhaven Alternating
Gradient Synchrotron (AGS) in a partially separat-
ed beam. We have measured various features of
the charge-exchange scattering, i.e., the reaction
cross section o„, do/dt within the f-range 0~ [f[
~ 0.1 (GeV/c)', do/du within the u range 0 ~ [u)
~ 0.06 (GeV/c)', and the differential cross section
near c.m. angle 8* = 90'. This paper discusses the
experimental method and gives results for o~.

Antiproton charge exchange is interesting for
several reasons. The t-channel quantum numbers
allow the exchange of charged, nonstrange mesons,
free from diffractive effects; in particular, the
reaction permits the study of n exchange. The u-
channel states have B=2, Q =1 and are generally
expected to give small contributions to the cross
section. The s-channel states include all non-
strange mesons (m~ 2M„) Various experiments
have been directed at the production of high-mass
mesons in mP collisions'; evidence from pp total-
cross-section measurements' indicates the pres-
ence of some small s-dependent structures al-
though their interpretation as resonances is not

clear due to possible inelastic threshold effects. '
The expected picture then for pp charge exchange
is that resonance or s-channel effects give rise to
amplitudes symmetric or antisymmetric about 8, .
= SO with t-channel exchanges adding strong for-
ward peaked amplitudes and g-channel exchanges
contributing weakly to a backward amplitude. This
picture is qualitatively borne out by our observa-
tion that the backward cross section varies between
about 2% and 1/0 of the forward cross section from
1 to 3 GeV/c. ' The reaction cross section o„ is the
integral of the differential cross section and thus
can be used to elucidate the s dependences, com-
plementary to o ~ measurements.

Our experiments was performed in the partially
separated beam of antiprotons from the G-10 tar-
get of the AGS. The general experimental arrange-
ment is shown in Fig. 1. At the lower momenta
(less than 2 GeV/c), the measured time of flight
between beam counters T, and T, (separated by
105 feet) was sufficient to separate w and p. At
higher momenta, pions were rejected by a Freon
Cerenkov counter C, in the beam. The momentum
acceptance of the beam was about +3/; for a frac-
tion of the events, the beam momentum was mea-
sured to +1/4% with a system of proportional wire
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FIG. 1. Schematic layout of the experiment. Scintillators T&, T&, and T2 define the incident p beam; proportional
wire chambers C&, C2, Cs, C4 measure the horizontal beam coordinate before and after bending magnet D2. The Freon
threshold Cerenkov counter C detects n''s, and scintillator Tz monitored extra beam particles in close time proximity
with an event. The downstream detector 5' is movable along the beam direction.
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FIG. 2. Arrangement of counter hodoscopes around the
hydrogen target (top view). A portion of the lead-scin-
tillator A„ is shown together with the side detector S.
The charged-veto box Ac surrounds the target with the
exception of a small beam-entrance hole. There is also
a beam-entrance hole in A„.

chambers Cy C4 before and after the last bending

magnet. Runs were taken at about 40 different
beam momenta separated from each other by an

amount equal to the beam momentum spread (3$&&).

The liquid hydrogen target consisted of three 12-
inch long cylindrical segments separated by —,

' inch.
Counters T, and T4 placed in these gaps provided
sorge localization of the interaction vertex. The
target was surrounded by a. box of nine veto count-
ers A~, with a hole for the beam entrance. The
logical "or" of the nine A~ counters is referred to
as Ac: Ac =P';,Ac. Outside the Ac box there
were y-detecting arrays of scintillator and heavy
metal. These y detectors were separated into two

groups: 32 lead-scintillator counters A. , above,
below, upstream, and downstream of the target;
and steel-scintillator arrays $, to either side of
the target. These two arrays were used to detect
the y's from z"s produced in pp collisions and to-
gether completely filled the solid angle around the
target, except for a small beam-entrance hole. In
addition to the y veto function, the array S was
used in the differential cross-section measure-
ments to detect and identify the slow n or n emitted
near 180 in the c.m. (and hence near 90' labora-
tory angle). For t& 0.1 GeV' the neutron has an
angle of 8„&68 relative to the beam direction, and
a time of flight from target to S (or A„) greater
than 10 nsec. The arrangement of detectors in the
target region is shown in Fig. 2.

A hodoscope F of six alternating layers of iron
and scintillator slats, permitting x-y definition to
within a four-inch square, was located on the bean.
axis downstream of the target. The F hodoscope
was movable and was used to detect the n or n
emitted near 0 in the c.m. in the differential
cross-section measurements. In normal operation,
this hodoscope was positioned so as to subtend a
fixed region of t. A similar hodoscope 8 was lo-
cated upstream of the target and was used in a
search for PP -/~K~. Finally, there was a counter
T on the beam axis, which was used to monitor
the transmission of p through the hydrogen, A. ~,
and A.„detectors.

The trigger was logically the requirement of a
beam p incident on the target with no charged par-
ticles emerging: trigger = T, ~ T, ~ T~ ~ C A.c. For
every trigger each element of the A, S, F, and 8
arrays which gave a count was recorded, together
with its pulse-area and the time of the recorded
relative to beam counter T, . Also recorded were
the proportional wire chamber coordinates, the
status of the counters T„T4 in the gaps of the tar-
get, and tag bits indicating the presence of extra
beam particles in time proximity which could have
confused the analysis. From the status of T, and
T, in each event, the interaction point could be lo-
calized to be within one of the 12-inch target seg-
ments.

A PDP-8 on-line computer collected these data
and transmitted them to magnetic tape as well as
to the on-line-data-facility PDP-6 for various
checks of the experiment. The most important of
the on-line checks were tests of all counter gains
by means of computer controlled light diodes at-
tached to each scintillator, monitoring of the
counting rates of various trigger categories,
checks of the times-of-flight and pulse height for
various hodoscopes, measurement of beam pro-
files, and computation of the ratio T,T,TsCT, /
(T,T,TsC) giving the fraction of incident beam
transmitted. This check was made over intervals
of a few minutes to check the stability of liquid hy-
drogen in the tar get and allowed later rejection of
data taken when bubbling had occurred.

Selection of the event sample for further analysis
was made from the trigger sample through several
requirements. Tag bits registering the A~ counter
bits were interrogated to guard against electronic
losses of efficiency in rejecting charged final
states. Events which were accompanied by a sec-
ond beam track within 80 nsec following the trig-
gering p were tagged and rejected. Events in which
the recorded bits for the interleaved target count-
ers did not permit the establishment of an interac-
tion point were deleted. The times-of-flight re-
corded for the incident-beam particle were re-
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quired to be consistent with that for incident p. We

have also rejected a small fraction of events in
which the encoding of struck counters was incon-
sistent; this effect has been traced to the presence
of electrical noise in the experimental hall and was
independent of trigger topology. Finally groups of
events recorded during times of anomalous beam
transmission were rejected. This last cut was
made by first calculating the average transmission
over a run and deleting any record (of typically 100
events) for which the transmission deviated from
the average by more than two standard deviations.
The fraction of events rejected by all of these ef-
fects was typically 5-10%. Runs for which the
combined loss was greater than 10% were omitted
in analysis.

The analysis for obtaining charge-exchange
events consisted of isolating those events among
the selected triggers in which there were no m"s
present. We here assume that the all neutral
events satisfying the trigger requirement are ei-
ther pp —nn, pp-nn+m„, or pp-mv' (we have in-
dependently verified that the pp-K~K~ rate is neg-
ligibly small). ' Thus we must eliminate all events
showing a y in any of the A or S hodoscope ele-
ments. Since the A„array contained 3.6 radiation
lengths of lead and S contained 5.7 radiation lengths
of iron, we expect an inefficiency for a single y of
about 2.5% for y energy greater than 50 MeV. We
have measured the inefficiency of the y-veto arrays
for events of the type m P-neutral, at several mo-
menta, and find that it is less than 2%. To relate
this to the inefficiency for pp —mv' and pp - nn
+me', one needs some info) mation about y multi-
plicities. The mean number of y's in m p- neutrals
may be evaluated from existing data compiIations.
Doing this we find n„(xp) = 3, 4, and 4-,' at p„=1, 2,
and 3 GeV/c, respectively. For pp-neutrals,
such data do not exist, so we have taken our own
y-veto multiplicity distribution as a rough guide,
obtaining a multiplicity n„(pp} = 5 at 1.4 GeV/c and
3.4 at 3 GeV/c. Not all of these events are y's. A
contamination of n interactions exists, an upper
limit to which can be estimated from the geometric
Fg cross section in the forward A„shield. This
cheek gives a maximum contamination of 26% at
1.4 GeV/c and 12% at 3 GeV/c. On any reasonable
assumption for the multiplicity of the n interac-
tions, it is difficult to get the value of n„(pp} below
three, at any beam momentum. Thus the y-veto
array inefficieneies which we measured for pions
at 1.0 and 1.5 GeV/c [where n„(vp) = 3] are rele-
vant. These values are &1.7% and &1.5%, respec-
tively, and lead to the conclusion that an upper
limit to the inefficiency for pp-y s is 2, at all
momenta. Finally, since the charge exchange is
half or more of the total neutral cross section, we
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FIG. 3. Time-of-flight distribution for the sum of A„
counters relative to the beam-defining counter T2 for
the middle target segment at 1.49 GeV/e. The unshaded
histogram is for all triggers of the apparatus. The
shaded histogram is for that subsample of triggers in
which a y was seen in S.

have an upper limit of 2% contamination of non-
charge-exchange events in our sample (see also
Ref. 6).

The typical distribution of y time of flight be-
tween the sum of counters A and the beam-time-

Y.
defining counter 7; is shown in Fig. 3. Also shown
in Fig. 3 is the sample of events in which we have
ensured that there were n"s produced by requiring
in addition an element of the S array to be struck
in good time coincidence with the beam. The time-
of-flight distribution for y's in the S array was
monitored in the corresponding way by requiring
the presence of a y in A„. For both S and A„, the
eut imposed on the time-of-flight distributions to
eliminate events with y's was 10 nsee later than
the most probable time. Such a cut eliminated es-
sentially all such y events. However, it also elim-
inated those pP - nn events in which a fast n or n
interacted in A„or S and thus a correction must be
applied. The location of the most probable y inter-
action times in A„and S was obtained for each tar-
get segment in each separate run; the determina-
tion of these cuts was made to ~0.2 nsee corres-
ponding to an uncertainty in event rate of +0.25%.

Several corrections must be made to the raw
sample of events to extract the cross section. We
start with the target-empty subtraction. Target-
empty data were taken for roughly half the data
points, smoothly distributed throughout the mo-
mentum range. Target-empty char ge-exchange
counting rates ranged from 6% to 9% of target full.
(A 1.S% effect is expected because of the H, vapor
filling the nominally empty target. ) A smooth
curve drawn through the target-empty points was
subtracted from the target-full data points. The
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result, multiplied by 1.019 to correct the H, -vapor
effect, is the input to the reaction cross-section
determination. The statistical error on the back-
ground points was typically 10% (of the back-
ground), and hence less than 1 $ of o„.

The dominant remaining corrections to the data
derive from the attenuation of incident p flux in the

target and the possibility of H interactions. The
former can be evaluated from the known PP total
cross section'; the latter comes mainly from for-
ward charge-exchange events since at all energies
the cross section is very strongly peaked toward
O'. Thus the forward n may interact in the hydro-
gen or Ac, nullifying the trigger by producing
charged secondaries, or it may interact in A„giv-
ing a y signature. The combination of these two

corrections amounts to the transmission of an anti-
nucleon through the entire fixed portion of the ap-
paratus, the targetAC, and the forward wall of A
We argue that this correction cannot be very dif-
ferent from the transmission of beam p's through
the target A~, and the forward wall of A„, as con-
tinuously monitored by the transmission counter
T„and that it can be fairly well estimated by a
simple total-Attenuation calculation using known
cross sections. Such a calculation agrees with the
measured p transmission at all momenta, to within
a few percent.

In addition, the slow n, near 90' in the laborato-
ry, can interact to produce a count in A~ nullifying
the trigger, or to give a signal in the nonforward
parts of A„or in S. An A„or S interaction causes
event failure only when the n time-of-flight is in
the y-cut region (t & 0.1 GeV'). The neutron cor-
rections are a function of the four-momentum
transfer t, but are independent of s since the neu-
tron energy and angle depend only on t.

For t ~ 0.1 GeV' (Z„,„„,„&50 MeV), we have a di-
rect measure of the detection efficiency of S for
neutrons, based on events in which a forward i was
detected in F and the predicted accompanying neu-
tron was looked for in S at the appropriate time de-
lay. This gives a value of t%%u~ for neutron efficien-
cy in S, averaged over the neutron spectrum for t
&0.1 GeV'. For higher values of t, where a cor-
rection must be made, the neutron-detection effi-
ciency of the scintillator falls, while the probabil-
ity of proton recoils being produced in the iron or
lead and entering the scintillator increases. The
net calculated efficiency for A„and S averaged over
the angular distribution for Pp —nn, never exceeds

A measured neutron efficiency for a similar
detector, namely, the F hodoscope is available
from our 180 cross-section measurements. 4 Av-
eraged over the neutron momenta between 1 and 3
GeV/c, it is 20%. In the much lower-energy re-
gion represented by the recoil neutrons, it is

clearly always much smaller.
There is a further correction due to the escape

of beam particles through the sides of the target
caused by multiple scattering in C and other beam
counters, and by the finite angular spread of the
beam. This effect was measured in target-empty
runs and agreed with calculations based on the
known beam conditions. We have also determined
that the probability of losing a trigger due to the
incident p producing a 5 ray which penetrates to the
charge-veto A~ is negligible. Finally, we have
measured that there is no discernible effect on our
results due to a splashback of charged particles
from n annihilation in the F hodoscope, even at low

energies where F is close to the interaction region.
The corrections discussed here for p attenuation,

n and n interactions, and loss of p's through the
target sidewalls have been evaluated in a detailed
Monte-Carlo calculation. Measured beam param-
eters and detector geometry are used as input, to-
gether with known NN cross sections from hydro-
gen and heavy materials, ' and angular distributions
for PP charge exchange taken from our data. The
results of this calculation give the factor by which
the number of observed charge-exchange events
must be multiplied to give the true number. This
factor is about 2 and is dominated by the p attenua-
tion and n interaction corrections. Various checks'
of the Monte-Carlo calculation can be made with
the data to verify its validity. In particular, we
have made a simplified analysis of the data based
on hand calculations, and compared it to the com-
plete Monte Carlo-corrected results as a check.
The simplified analysis took the combined p-atten-
uation and n-interaction corrections to be the same
as the measured p transmission, and ignored neu-
tron interactions. Corrections for side losses
from the target were made using the target-empty
T, and T, data, and a target-empty background
subtraction was performed. The result of this
simplified calculation is a o„value higher than that
of the full Monte Carlo calculation by a smoothly
varying factor ranging from 3% at 3 GeV/c to 6%
at 1 GeV/c. The deviation of this simple calcula-
tion from the full calculation is understandable en-
tirely in terms of the effects neglected in the sim-
ple version and their energy dependence, as fol-
lows:

The simple calculation overestimates the 9-in-
teraction correction, since it assumes that the n's
traverse the entire remaining length of the target
from their point of production, whereas in fact
some of them exit the target through the sides, es-
pecially at lower beam momenta. It also makes no
correction for neutron interactions, which are ex-
pected to be an effect of about 10%, and nearly in-
dependent of beam momentum. The two effects
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tend to cancel. Thus the simple calculation nearly
agrees with the full one at high momentum, but
gives a result noticeably too high at low momenta.

Both of the effects discussed here are included in
the full calculation. We feel that the near agree-
ment with the simplified calculation is a reassuring
check of the overall validity of the Monte Carlo-
corrected results. In addition, we have checked
the constancy of O„computed for each target seg-
ment individually, and compared the calculated
sidewall loss of p flux for target empty with the
observed distribution. A further check involved
the extraction of the total cross section 0~ for pp
from our data. The counter T, downstream of the
target and A&, was used as a transmission monitor,
as mentioned previously. Comparing the transmis-
sion ratio for target full and empty, we can com-
pute 0~. Our results agree with the previous pre-
cision measurement' to within +2%.

Frorg all of these checks we conclude that the ef-
fects of beam attenuation and n and n interactions
have been well understood, and attach an overall
systematic error of +10% to the final data. This
systematic error applies to the entire set of data
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FIG. 4. Reaction cross section crR for PIP-nn versus
laboratory momentum. , data from this experiment; 4,
data from Bricman et aE. , Ref. 8; 0, data from Astbury
et aE. , Ref. 10.
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FIG. 5. Reaction cross section for pp —nn times
1aboratory momentum versus 1aboratory momentum.

between 0.97 and 3.13 GeV/c as a whole. The
overall correction to the event rate obtained from
the Monte Carlo was obtained at several momenta
throughout our momentum range and was applied
as a smooth energy-dependent factor. It is found

to be variable in magnitude by less than +10% be-
tween 1 and 3 GeV/c.

In addition, using measured accidental rates, we

correct for accidental counts in the A.~ array which
would nullify a trigger, or in the A„array within
the time region of the y's (total correction 2-10/~).
Final. ly, small overall correct. ions are applied for
the y inefficiency and for the loss of events (about
2%) in the electronics due to spurious bits set in
the logic.

The resulting reaction cross section o~ for PP
-nn is shown in Fig. 4. In Fig. 5 we plot o~P„, to
compensate for some of the monotonic decrease in
cross section with momentum. The errors shown
include statistical errors, our determination of the
systematic point-to-point uncertainties, and the
energy-dependent Monte Carlo errors. The sys-
tematic effects can be due to variations in the beam
conditions as well as changes in the exact location
of the time zero, relative to which the y cut was
made. Our estimate of the systematic component
of error is based on repeated measurement of the
cross section at a given momentum within the
three-month interval of the experiment. The nu-
merical values for aR are given in Table I.

In Fig. 4 we show, in addition to our results, the
measured charge-exchange cross sections from
other experiments. We note in particular a dis-
crepancy between our results and the previous
high-statisctics experiment which is outside the
quoted systematic errors of the two experiments.
We have discussed above the various checks per-
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TABLE I. Reaction cross section for Pp nn.

21

P lab

(GeV/c)

0.97
1.00
1.03
1.07
1.10
1.14
1.17
1.21
1.24
1.28
1.32
1.36
1.41
1.45
1.48
1.50
1.54
1.59
1.69
1.74

Ws

(GeV)

2.072
2.082
2.092
2.105
2.115
2.129
2.139
2.153
2.163
2.177
2.191
2.205
2.222
2.236
2.247
2.254
2.268
2.286
2.321
2.339

Oz

(mb)

7.60+0.10
7,40 + 0.10
7.26 + 0.10
6.94 + 0.09
6.82+ 0.09
6.66 + 0.09
6.51+0.09
6.31+0.09
6.17+0.08
5.91+0.08
5.57 +0.08
5.36 + 0.07
5.11+0.07
4.96 + 0.07
4.86 + 0.07
4.79+ 0.06
4.67+ 0.06
4.45 +0.05
4.43 + 0.05
4.34 + 0.05

P lab

(GeV/c)

1.79
1.84
1.90
1.96
2.02
2.07
2.12
2.19
2.26
2.33
2.40
2.47
2.55
2.62
2.70
2.78
2.87
2.96
3.04
3.13

Ws

(GeV)

2.356
2.374
2.395
2.416
2.437
2.455
2.472
2.496
2.520
2.544
2.568
2.592
2.619
2.643
2.669
2.696
2.725
2.755
2.780
2.809

(mb)

4.15+0.04
4.03 + 0,04
3,95 +0.04
3.81+0.04
3.58 + 0.04
3.52 +0.05
3.40 +0.04
3.26 +0.05
3.15+0.03
3.00 +0.04
2.92 +0.04
2.80 + 0.06
2.63 + 0.03
2.58 +0.03
2.41+0.04
2.35+0.03
2.20 +0.03
2.09 + 0.04
2.02 +0.03
1.92 +0.03

formed on our data to verify the normalizing fac-
tors. We suggest that a possible explanation of the

discrepancy lies in an overestimate of the number
of interacting n's in Ref. 8. Indirect evidence sup-
porting our results comes from noting that the
sums of the cross sections for pp - nn, pp - nn

+mr', and Pp-mm' should give the total pp-neu-
tral-final-state cross section. '" Our results al-
low this sum rule to be satisfied, whereas the re-
sults of Ref. 8 are themselves greater than the to-
tal neutral cross section. Finally we note that our
results extrapolate smoothly to the data above 5

Gev/c. "
We note that our results show departures from

smooth energy-dependent behavior at two momen-
ta. These structures occur at approximately 1.25
GeV/c and 1.8 GeV/c and have a large width. We
find no evidence for any narrow bumps i.n OR within
our mass resolution (variable between 10 MeV/c'
and 30 MeV/c' in our momentum range}. The
structures observed are similar in position and
width to those found' in or(pp} and also in a study
of pp annihilations. " These structures have been
interpreted, though not uniquely, as s-channel res-
onances: I =1 states at M =2190 MeV/c3 and M
=2345 MeV/c', and an I =0 state at M=2380
MeV/c'. The width of these structures is large,
incompatible with the narrow structures observed
in the previous missing mass results. " The en-
hancements observed in the present data differ
somewhat from those reported' " In the case of
the U-region bumps (M =2360 MeV/c') our experi-

ment does not distinguish between the J =1 and I =0
cross sections and thus provides a picture of the
two states combined. For the T region enhance-
ment (M =2190 MeV/c') we observe the peak in o„
at a mass about 40 MeV/c' below that reported in
previous experiments. Such a difference need not
be significant, however, since interference effects
between a resonating amplitude and background in
the same partial waves can result in a shift in the
apparent peak position in o„but not in v~.

It is of interest to distinguish whether the bumps
seen in o~ and O„are resonant effects or are due
to another mechanism such as threshold effects as-
sociated with opening of new channels [e.g. , the N
(1236}threshold occurs near the T bump and the

NN» (1400} is near the U bump]. If we assume that
the s-dependent bump structure is due to some
particular partial-wave amplitude (and take for
simplicity the spin singlet amplitude), then the
structure observed in o~ and o„can be written as
follows:

&or(pure I) =26or(PP) =
& (&+I)Im(a~)

Dos(pp - nn) =, [2 Re(a~ a~) +) az)'],v (28+1)

where k=c.m. momentum, and a~~ and a~ are the
partial-wave amplitudes for angular momentum J
for the s-independent background and the s-depen-
dent structure. These expressions are not mate-
rially altered if the triplet amplitudes are the rel-
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evant ones." Thus measurement of 4a~ and ho„
allow some restrictions to be placed on the effec-
tive angular momentum state responsible for the
bump. Since we expect a threshold mechanism to
contribute to the lowest partial waves, determina-
tion of J may help distinguish the resonance versus
threshold possibilities.

If we assume no background in the channel J,
then the determination of J is straightforward and
we find under this hypothesis, effective spins of
the T and U structures of about 2 and 4.5, respec-
tively. However, in the more likely case that
there is background in partial wave Z (as indicated

P~ b (QeV/c)

FIG. 6. (a) Rate for the process PP- p's versus labo-
ratory momentum. The normalization is arbitrary.
Changes in the experimental arrangement preclude
presentation of data below 1.3 GeV/c. (b) Fractioh of
events showing m participating p counters versus lab-
oratory momentum: ~, m=2; D, m=4; 4, m=6.

by the difference in the enhancement mass value
seen in or and vz), the determination of J' becomes
less reliable and no clear conclusion on the char-
acter of the bumps can be made.

Due to the large fraction of the v~ bump seen in
annihilations (and the apparent small coupling to

NN), it is reasonable to search for structure for
the class of reactions pp-my. For this study, we
have examined the cross sections of those events
satisfying the neutral trigger requirement discuss-
ed above and which contain m counts in the Az and
S arrays for which the measured time-of-flight is
within the "prompt-y" cut described previously.
The value of m (= number of counters registering
a particle) is related to, but not identical with, the

y multiplicity of the event. The nonequality arises
due to the possibility of several y's striking the
same counter, effects of shower spreading and
"backsplash*', and the small but nonzero y ineffi-
ciency of the system. Thus we choose to present
our results for the y events in terms of a rate
whose normalization is arbitrary and focus our at-
tention on the s dependence and the dependence on
m. The fractional rates for several values of m
are shown in Fig. 6 as well as the rate for any
number of y's detected, and these rates show no
evidence for structure. The rate for 2y production
rises, in accordance with the opening of the m'

production channels. We do not feel that the ab-
sence of structure in these reactions is surprising,
since our trigger has insisted that no charged par-
ticles be produced. High mass states decaying di-
rectly into many pions have a low probability for
producing an all neutral final state due to the
Clebsch-Gordan coefficients. Moreover, if the de-
cays of the presumed high-mass state were a cas-
cade process resulting, after several steps of the
series, in p or A, mesons, we would expect essen-
tially no purely n' final states.
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