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Differential cross sections for the "C(p,sr+)"C reaction at T~ =250, 354, and 489 MeV are
presented and compared with previously published data taken at other energies in the Al23$ reso-
nance region. At fixed four momentum transfers greater than 0.4 GeV /c', the differential cross
sections exhibit a maximum near the invariant mass of the Alp32 ~ This energy dependence is simi-
lar to that shown by the pp~d~+ reaction at equivalent energy, and provides strong evidence of a
NN~NN~+ process in the (p,~+) reaction mechanism. The total cross section for each transi-
tion exhibits a maximum at an energy about 100 MeV lower than that expected from the A&23/ in-
variant mass. This energy dependence could be the result of an interplay between the increase in
cross section due to the role of the Al&~~ in the (p, vr ) reaction mechanism, and the decrease in
cross section due to the large momentum transfers that the reaction is restricted to at higher ener-
gies.

INTRODUCTION

For approximately the last 15 years since the first

(p,w+) angular distributions were obtained at Uppsala, '

there has been a sustained interest in (p,n) reactions.
This is largely because exclusive (p, tr ) reactions are
characterized by a large value of momentum transferred
to the struck nucleus compared to the nuclear Fermi
momentum, or compared to the momentum transferred
by most other nuclear reactions. Thus, it was originally
hoped that (p, n. ) reactions would be a useful spectro-
scopic tool for studying the high momentum corn-
ponents of nuclear wave functions provided that the re-
action mechanism was well understood. Unfortunately,
this lack of understanding of the reaction mechanism
has proved to be a major stumbling block, and the origi-
nal interest has now shifted to the problem of trying to
understand the basic pion production mechanism within
the nuclear environment.

Experimentally, most of the work on targets heavier
than He has been near the pion production threshold,
in the region 150—250 MeV, although there have been a
limited number of measurements at higher energies, pri-
marily in the region above 600 MeV. On ' C, which is
experimentally one of the most studied targets, there is a
gap between 250 and 800 MeV in which the only angu-
lar distribution that has been obtained was for the

' C(p, n+ )' Cg,. reaction via the time reversed (tr+, p) re-
action at an equivalent proton energy of 332 MeV.
Thus, there is a large dynamic range in which very little
is known about the ' C(p, rr+ )' C* reaction.

This region is important because in it the (p,~+ ) reac-
tion is expected to show the effects of a A&23/ excitation
via the NN ~NN~+ process. A simple calculation
shows that the peak of the A&232 excitation would occur
at a beam energy of 321 MeV if the beam proton and
' C target combined to form a mass-13 nucleus with one
nucleon excited to a mass of 1232 MeV. A similar cal-
culation for the pp~d~+ reaction would predict a peak
cross section due to the A&232 at a beam energy of 634
MeV, as has been well noted. A maximum in the
differential cross section near 321 MeV has indeed al-
ready been noted on ' B at several different fixed
momentum transfers. However, the energy dependence
of the total cross section has never before been mea-
sured. It is hoped that angular distribution measure-
ments in this region will aid in the understanding of the
basic (p, 7r+) reaction mechanism.

THE EXPERIMENT

The experiment was performed with the Medium
Resolution Spectrometer (MRS) at TRIUMF during two
runs using an unpolarized proton beam whose intensity
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was in the range of 5 —25 nA. The beam was incident on
a research grade natural carbon target of 92 mg/cm
thickness. The systematic error corresponding to
nonuniformities in this target thickness and errors in the
measurement of this thickness is estimated to be less
than 1%. The target angle with respect to the beam was
chosen so that the energy loss of the proton beam and
the energy loss of the detected pions would be approxi-
mately equal. An error of 2' in the target angle calibra-
tion corresponds to a relative uncertainty in the target
thickness of 4%.

Beam intensity was monitored continuously by an in-
beam polarimeter and by a secondary emission monitor
(SEM), both of which were previously calibrated against
a Faraday cup. The polarimeter consisted of a CH2 tar-
get of 1.383 mg/cm thickness and two pairs of counter
telescopes, each in coincidence with a recoil counter,
that count elastic proton-proton scattering events.
When both monitors worked properly, agreement be-
tween the two monitors for total charge on target was
about 2%. In cases when the two monitors disagreed by
more than this amount, the SEM was used since the thin
polarimeter target has been known to warp after an ex-
tended time period in the beam. The location and size
of the beamspot (typically 2.5 cm X 0.5 cm XF in
dispersed mode) was visually monitored periodically
with a scintillator located at the target position.

Because the CAMAC scalers of the MRS are not in-
hibited when the data acquisition system is busy, all
scalers must be corrected by the live time of the instru-
ment. This live time was measured by two independent
means. The live time can be simply measured by taking
the ratio of the number of busy latches that the data ac-
quisition electronics generates divided by the number of
event triggers. The MRS electronics also contains a pro-
vision for generating pseudo-events electronically; the ra-
tio of the number of these pseudo-events actually seen by
the acquisition system, divided by the number of
pseudo-events generated, gives a second determination of
the live time. In most cases the two different methods
were within 3% of each other; the live time varied be-
tween 60% and 95%, depending on the event rate.

The spectrometer acceptance was calibrated at 500
MeV using the pp~d~+ reaction, ~hose cross section is
known to a high precision; the proton energy was
chosen so that pions from this reaction would have ap-
proximately the same momentum as pions from the
' C(p,m+)' C reaction at 354 MeV. The effective solid
angle of the spectrometer, determined by this method,
was 2. 1 msr, with a standard deviation of 0.1 msr be-
tween independent calibrations. This solid angle was
found to be independent of beamspot size and pion ener-
gy within this uncertainty.

The spectrometer detection system consisted of a mul-
tiwire drift chamber located in front of the
spectrometer's entrance quadrupole magnet, and two
vertical drift chambers followed by two planes of plastic
scintillators located near the focal plane of the spectrom-
eter. The two planes of scintillators, along with one
plane of the front end chamber, and one plane of the
first of the two vertical drift chambers, provided the
event definition. This arrangement still permit ted

RESULTS

The pion spectrum at T~ =354 MeV and O~,b ——21 in
Fig. 1 is clearly dominated by the 9.50 MeV, —,

'+ state,
which is predominantly a stretched two-particle —one-
hole configuration (2p-lh) with respect to the ' Cs, .

This selectivity is similar to that previously reported in
(p,vr ) reactions' and is in contrast to experimental
spectra from IUCF (Ref. 11) at T~ = 200 MeV and
O~,b ——30, in which the five lowest energy peaks all have
approximately the same strength, regardless of the spin
of the ' C configuration.

C3

+

l2r ( +) 13(

-n3Q4 Me»'

0 =-2 l'
)oQ

~ 200—
Cr

+ +
CU

n~ ~

n-- r--

IOD—

2 6 lO 14 l8
E xcitatian 5 nengy (Me'y)

t

22

FICr. 1. Pion focal plane spectrum from the second run of
the experiment.

enough information to be written on tape so that the
efficiency of each drift chamber could be determined
from the experimental data. The product of the
efficiency of all three chambers was typically 75%, al-
though at extreme backangles the product fell as low as
35%. This decrease in efficiency was shared equally be-
tween all three chambers, and was primarily due to in-
creased beam current at back angles in order to reduce
the running time, resulting in increased singles rates
from background.

The use of a front end wire chamber provides a high
degree of redundancy as it allows a complete ray trace
through the spectrometer back to the target, a distance
of about 11 m; therefore, all background sources not
originating from the illuminated target spot could be el-
iminated. Most of the muons resulting from pion decay
within the spectrometer were eliminated via the beam
spot and solid angle cuts; net events observed were then
corrected for pion decay within the spectrometer. At
250 MeV the pion survival fraction was approximately
35%, at 354 MeV it was 50%, and at 489 MeV it was
65%.

An off-line event by event analyzed pion spectrum
(after solid angle, energy loss, time of flight, and target
beamspot cuts have been applied) is shown in Fig. 1.
The energy resolution, as shown in Fig. 1, was typically
200 keV for both data taking runs.
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TABLE I. List of values for the c}ifferential cross sections of the ' C(p,~+) reaction leading to vari-
ous final states of "C*. All quantities shown are in the center of mass frame; angles are in deg and
do /dQ are in nb/sr. The numbers in parentheses reflect statistical uncertainties only. The systemat-
ic error in the overall normalization has been estimated at 8%, and relative uncertainties have been
estimated at 10%.

13Cg, 13C3.09
13C3.68, 3.85

13C6.86
13C7 49 7. 55 7.68

13C9.50
13C4

21.4

31 331(36)
62 29.1(4.1)

326(36)
56.7( 5.7)

T~ =250 MeV
1200(71) 464(45)
136(9) 123(9)

1120(69)
220( 12)

957(66)
312(15)

22
32
37
48
64
79
94

114

157( 14)
106( 11)
81.7(9.8)
53.1(5.3)
15.1(3.2)
5.3(1.4)
8.6(1.6)
3.9(0.8)

171{15)
111(11)
114(12)
80.6(6.6)
21.7(3.7)
2.1(0.9)
6.1(1.3)

(1

T~ = 354 MeV

944(34) 264( 19)
350(20) 123( 12)
238( 17) 107(12)
195( 10) 35.6(4.3 )

73.6(6.9) 24.9(4.0)
13.2(2.3) 2.5(1.0)
14.8(2. 1) 1.8(0.7)
1.2(0.4) ( 1

1520(46)
912(33)
655(28)
269( 12)
115(9)
39.4(3 ~ 8)
12.6( 1.9)
8.1(1.1)

2310(56)
1270(38)
1020(36)
322{13)
107(8)
32.3(3.6)
27.4(2.8)

5.0(0.9)

1420{90)
725(55)
474{29)
159(16)
88.1(8.5)

21
32

61.7{8.6)
28.4(2.6)

87.4(10.5)
54.4( 3.6)

Tp ——489 MeV
199(16) 63.2( 8.9)
114(5) 17.8(2. 1)

597(27)
197(7)

786(31)
288(8)

446(25)
72.5( 3.9)

The narrowness and the centroid of the 3.68, 3.85
MeV cluster in Fig. 1 indicates that this peak is dorn-
inated in strength by the single particle 3.85 MeV state,
which has the higher spin. This agrees with the observa-
tions of Soga et al. ' at T~ =156 MeV, who were able to
resolve the states of this cluster. In Fig. 1 the peaks at
11, 12, and 14 MeV previously reported by Dahlgren
et al. ' at 185 MeV are also visible. The 21.4 MeV
state, which has been recently reported to have an
unusual zero analyzing power at 200 MeV, " is only
clearly visible at forward angles as its cross section falls
faster than that of the continuum at larger angles.

Cross sections for all states shown in Fig. 1 are listed
in Table I. The systematic error in the overall normali-
zation is estimated at 8%, and an overall relative uncer-
tainty of 10% has been estimated due to the uncertainty
in the target angle, integrated beam current, live time,
wire chamber efficiency, cut efficiencies, and background
subtraction. The uncertainty due to the consistency in
the cuts and background subtraction is estimated at less
than 8% and was determined by reanalyzing some data
with two different sets of cuts.
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smaller values of t, as the proton energy is increased.
Figures for every final state have not been provided as
the characteristics of all states can be represented by just
a few samples; we shall, however, refer briefly to the
characteristics of all these states in the following discus-
sion.

Unlike Soga et al. ,
' who multiplied the Uppsala data

of Ref. 13 by 1.27 to correct for perceived differences in
instrumental normalizations, we have not found it neces-
sary to multiply any data by an arbitrary factor. We
have, however, noted that the data of Ref. 13 are report-
ed in the lab frame rather than the center of mass frame,

ENERGY DEPENDENCE
OF ANGULAR DISTRIBUTIONS

Figures 2 —4 show data from this work, as well as
some previously measured angular distributions' ' tak-
en at different incident proton energies; these distribu-
tions are plotted versus the relativistically invariant
Mandelstam variable t, which corresponds to the square
of the four-momentum transfer. One must keep in mind
that at energies close to pion production threshold, only
a small range of four-momentum transfers is accessible,
and that this range increases in size, and is restricted to

0.7
I

0.5 0. 1 —0.1

FIG. 2. Angular distributions of the ' C(p,sr+)' C8, reac-
tion plotted vs the square of the four-momentum transfer (t) ~

Plotting symbols indicate the source of data as follows: 0 (Ref.
12), 156 MeV; 6 (Ref. 13), 185 MeV; A (Ref. 15), 200 MeV; 0
(Ref. 16), 250 MeV; El {this work), 250 MeV; ~ (this work), 354
MeV; Q (this work), 489 MeV; o (Ref. 14), 800 MeV.
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and have made the appropriate transformation of this
data to the center of mass frame. Figures 2 —4 do not re-
veal any gross errors in the normalization of this data;
rather, the data of Refs. 13 and 17 agree reasonably well,
including statistical errors, at very nearly the same ener-
gy.

Note that at 354 MeV the angular distribution of
every state falls almost purely exponentially with angle,
with no evidence of a backangle peak, even if the state
exhibited a very pronounced backangle peak at lower en-
ergies. This type of angular distribution, with no depen-
dence on nuclear final state, is presumably due to the
very large momentum transfer the (p,~) reaction
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FIG. 4. Angular distributions of the ' C(p, m. +)"C95p reac-
tion plotted vs the square of the four-momentum transfer (t).
Plotting symbols indicate the source of data as in Fig. 2, except
~ (Ref. 12), 166 MeV.

FIG. 3. Angular distributions of the "C(p,m+)' C3 p9, 3 68, 3 85

reaction plotted vs the square of the four-momentum transfer
(t). This triplet of states is plotted, rather than the "C3 p9 or
"C3 68 3 85 states separately, so that the 250 MeV data of Ref.
16 may be used to help show the systematics of the
' C(p,m+)' C* reaction. Plotting symbols indicate the source
of data as in Fig. 2.

accesses at this energy.
A careful analysis of Figs. 2 —4 shows that low spin

states are comparable in strength to 2p-1h high spin
states in only a limited kinematical area of small T~ and
forward angle; in other areas 2p-1h high spin states
dominate the exclusive pion production cross section.
Thus, the stark contrast between the ' C(p, m

+
)
' C*

spectra at 200 and 354 MeV, as reported in an earlier
section, is characteristic of only a restricted kinematical
range. The selectivity of both the (p,m+) and (p,n ) re-
actions for high spin 2p-1h states appear to be very simi-
lar, and the empirical explanation for the nonselectivity
of (p,n+ ) reactions' does not appear to hold globally.

Those states which did not display a backangle peak
at lower energies, shown in Figs. 2 and 4, have an energy
dependence in the range of 0.7 ~ t & 0.3 GeV /c in
which the differential cross section is maximum at 354
Me V. Those states which did exhibit a pronounced
backangle peak at lower energies, as shown in Fig. 3,
also exhibit this energy dependence, but only for
momentum transfers below the location of their first
minimum (t =0.5 GeV /c ). This enhancement near the
invariant mass of the 6&&32 has been previously noted on
another target nucleus, and is consistent with a reaction
mechanism in which an intermediate A&232 is produced
via the NN ~NN~+ process.

In the region t&0.3 GeV /c, all states have lower
differential cross sections at 354 MeV than at 250 MeV;
this type of behavior is more di%cult to interpret. The
t&0.5 GeV /c energy dependence of those states with
low energy backangle peaks (Fig. 3) seems to be nuclear
structure related.

In order to more easily observe the energy dependence
of the differential cross section, data for the
' C(p, n. +)' Cs, and ' C(p, sr+)' C9 5o reactions are plot-
ted in Fig. 5 at a constant value of t=0.50 GeV /c
Plotting the differential cross section at a constant four-
momentum transfer permits, to a first approximation,
the separation of the reaction mechanism from the nu-
clear structure eff'ects. The use of &s —m~2, where s

is the relativistic Mandelstam variable corresponding to
the square of the center of mass energy, indicates the ex-
citation energy available for one nucleon. Figure 5 indi-
cates an enhancement in the differential cross section
which levels off at the invariant mass of the 6 fp3p

( &s —m ~2c = 1.232 GeV).
To relate this enhancement to the role of the 4 )23/ and

the NN ~NN~+ process, the differential cross section
of the pp~d~+ reaction was transformed to the
nucleon-nucleus frame using the transformation dis-
cussed by Korkmaz et al. " The result of this transfor-
mation, which was to stretch out the high energy tail of
an otherwise symmetric peak, is shown at the bottom of
Fig. 5; the values plotted are referred to the nucleon-
nucleus center of mass frame. Note that the addition of
pp~pnm+ contributions to the pp~d~+ plot will fur-
ther enhance the high energy tail and cause it to resem-
ble the nuclear (p,sr+) data even more closely. There-
fore, it seems that these excitation functions indicate
that the b, ~23$ does play an important role in (p,~+) via
the NN~NNm+ reaction mechanism.
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FIG. 5. Differential cross section vs center of mass energy
(&s —m» ) at a constant square of four-momentum transfer

C

(t) of 0.50 GeV'/c' for the»C(p, sr+ ) "Cg, and
' C(p, ~+ )"C9 50 reactions. Plotting symbols indicate the
source of data as follows: C' (Ref. 17), 183 and 190 MeV; 6
(Ref. 13), 185 MeV; A (Ref. 15), 200 MeV; (Ref. 16), 216,
225, 237, and 250 MeV; *(Ref. 6), 246 and 332 MeV; ~ (this
work), 250, 354, and 489 MeV. The differential cross sections
shown were obtained from the data using either an exponential
or Legendre polynomial fit to the distributions. Also shown
are differential cross sections for the pp~ d~+ with
modifications as explained in the text. Plotting symbols indi-
cate the source of data as follows: f (Ref. 9), ~ (Ref. 18),
(Ref. 19), 6 (Ref. 20), and 0 (Ref. 21). The data from Refs.
18—20 were extracted from Legendre polynomial fits contained
in Ref. 22.

ENERGY DEPENDENCE
OF THE TOTAL CROSS SECTION

Figure 6 shows the energy dependence of the total
cross section plotted versus &s —m~2 . The total cross
sections were determined by fitting the angular distribu-
tions previously shown with Legendre polynomials, the
zeroth order parameter giving the total cross section.
The data of Lolos et al. ' have the highest uncertainty
in the fit because no measurements were taken at angles
smaller than 0, =49', where the contribution to the
cross section is the largest.

Figure 6 does not show a maximum near the invariant
mass of the A&$32 rather, the maximum cross section
occurs about 100 MeV lower than this, corresponding to
a beam energy of about T„=225 MeV. Another in-
teresting feature of Fig. 6 is that the shape of the energy
dependence is reasonably independent of final state; this
same independence has also been seen for all other nu-

FIG. 6. Energy dependence of the total cross section of the
' C(p, ~+ ) reaction leading to three final states of "C plotted vs

the center of mass energy (&s —m» ). Plotting symbols indi-
C

cate the source of data as in Fig. 5 except for the following.
' C(p, sr+)' Cg, : ~ (Ref. 12), 156 and 159 MeV, 0 (Ref. 17),
170, 183, and 190 MeV; 0 (this work), 354 MeV; 0 (Ref. 14),
800 MeV. ' C(p,~+)"C3 O9 3 68 3 85 ~ same as for the ground
state, except ~ (Ref. 12), 156, 159, and 170 Me V.
' C(p, sr+)"C95O.. same as for the ground state, except ~ (Ref.
12), 166 MeV.

clear states presented in this paper. Typically, the 354
MeV differential cross section is higher than the 225
MeV differential cross section at the same value of t, but
at 354 MeV the (p, vr) reaction is restricted to a range of
larger momentum transfers. At very high momentum
transfers, the exclusive pion production cross section is
quite low because of the difhculty of recapturing the ex-
tra nucleon in the nucleus. Thus, this 100 MeV shift
below the invariant mass of the A&23/ is probably due to
an interplay between the increase in cross section due to
the A&p3p in the NN~NN~+ reaction mechanism, and
the decrease in differential cross section due to the larger
momentum transfers that the reaction is restricted to at
higher energies.

COMPARISON OF RESULTS
AT 354 MeV WITH THEORETICAL

CALCULATIONS

Figure 7 shows the ' C(p,sr+)' Cs, data of this work
and a relativistic single nucleon reaction mechanism cal-
culation by Cooper and Matsuyama which uses Dirac-
Hartree bound states. This calculation does not incorpo-
rate the 5-hole terms that were included in their recent
calculation of the '60(p, ~+ )' Os, reaction because of
configuration mixing effects for the ' C nucleus; further-
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FIG. 7. Relativistic single nucleon model calculation by
Cooper and Matsuyama (Ref. 23) shown with data from this
work.

FIG. 8. Two nucleon model calculation by Iqbal and Walk-
er (Ref. 26) shown with data from this work.

more, this calculation incorporates neither proton nor
pion distortions. As first discussed by Miller,
configuration mixing can be a problem because the single
nucleon model (SNM) emphasizes the high momentum
components of the nuclear wave functions. Therefore, it
is necessary to consider these high momentum com-
ponents of the final state wave function, even though
they have smaller spectroscopic factors than the states of
small angular momentum. While the calculation shown
oscillates wildly compared to the experimental data, the
neglected 6-hole diagrams will be of comparable magni-
tude to the calculated single nucleon term and will inter-
fere with this term, smoothing the cross section.
Nonetheless, this calculation shows that at least for the
' C(p,m+)' Cs, reaction the single nucleon contribution
to the cross section is fairly large.

Figure 8 shows the ' C(p, m+)' C950 data of this work
and a calculation by Iqbal and Walker which includes
diagrams exclusively of the resonant two nucleon model
(TNM) type. As can be seen, the agreement between the
TNM calculation and the experiment is fairly good. The
absolute magnitude of the theoretical prediction is, how-
ever, about a factor of 2 too high at forward angles.

Figure 9 shows a similar calculation by Iqbal and
Walker at 250 MeV along with previously published
data from Ref. 16 as well as this work. The agreement
of the TNM calculation with the experimental data is
clearly superior at 354 MeV than at 250 MeV. This
could indicate that the diagrams which include an inter-
mediate A&232 resonance are more important to the reac-
tion mechanism at 354 MeV than at 250 MeV; however,
any explanation for the discrepancy between the calcula-
tion and experiment at 250 MeV must not only take into
account neglected nonresonant contributions, but must
also include the role of single nucleon diagrams which
are not included in this calculation.

Preliminary calculations in progress will hopefully
clear up the question of the relative importance of these

2C ( +) 'i3C ~

9 50

=-250,', ', e',

, 0

E

'0

0;0
0 90 i

~5
0 (de9)

80

FIG. 9. Two nucleon model calculation by Iqbal and Walk-
er (Ref. 26) shown with data from this work ( ~ ) as well as
from Ref. 16 ( ).

neglected single nucleon diagrams. Shell model calcula-
tions using a Nilsson model with band mixing predict
that the ' C9 5o state contains a 'g9&2-' Cg, core
configuration with a spectroscopic factor of about 2%.
Thus, through this small single particle contribution, it
is theoretically possible for the single nucleon model to
populate this predominantly 2p-1h state. A plane wave
single nucleon model calculation leading to this final
state, assuming a spectroscopic factor of 2%%uo, is shown in
Fig. 10. Since one expects SNM contributions to play a
more important role at lower energies (i.e., lower
momentum transfer) than at higher energies, the in-
clusion of SNM diagrams could bring the calculated
differential cross section shown in Fig. 8 closer to the ex-
perimental data and thus deemphasize the successful
trend observed at 354 MeV.
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FIG. 10. Relativistic single nucleon model calculation by

Cooper and de Takacsy (Ref. 27); this calculation wa» per-
formed assuming that the spectroscopic factor of the 'g ~, .—

'-C, component of the "C&;t& state i» unity. The calculation
is shown with data from this work assuming that the»pectro-
scopic factor of this component i» 0.02.

SUMMARY AND CONCLUSIONS

The (p,~+) reaction mechanism appears to be dom-
inated by two kinematical variables, the total center of
mass energy ( &s —m i j, and the four-momentum
transfer it). The choice of s and t is dictated by the fact
that the scattering matrix is only a function of s and t, as
far as the kinematic variables are concerned; depending
on which variable is being probed, one would get a
different picture of the reaction mechanism. In addition,
the nuclear form factors for a specific state are depen-
dent on t only.

When do. /dA is plotted at a constant t for different
incident energies, the influence of the total energy is iso-

lated. If the 6~2&2 plays an important role in the (p, ~ )

reaction mechanism, the differential cross section should
increase with energy up to the invariant mass of the
6~2&2 and then slowly fall. This type of energy depen-
dence is shown in Figs. 2 —4 for at least part of the range
of momentum transfer covered by each plot. This is
particularly true for those transitions in which the
differential cross section falls monotonically with angle.
We do not have an explanation for the small t behavior
of those states which exhibit a pronounced backangle
enhancement at lower energies. Such a dependence on t

is probably structure related and one should note that at
higher energies these states revert back to the exponen-
tial drop characteristic of all the other states.

When one plots the total cross section versus
&s —m i, one sees an interplay between a rising cross
section due to the A~z3z influence and a declining cross
section due to the influence of increasing momentum
transfer. Such an interplay would be consistent with
Fig. 6, in which the total cross section peaks at an ener-

gy about 100 MeV lower than that expected from the
5~&32 invariant mass. If this deviation is indeed due to
the interplay between these two variables, inclusive
(p,~+) nuclear reactions such as ' C(p, ~ )X, which do
not require the extra nucleon to be bound, should show
the influence of the NN ~NN~ channel, while ex-
clusive reactions will show a peak below the invariant
mass of the 5~&32.
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