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Experiments are described on the photoproduction of high
energy neutron-proton pairs from complex nuclei. The results
provide further con6rmation and some clarification of the quasi-
deuteron model of Levinger.

In these experiments targets of D, Li, and 0 are bombarded by
a 340-Mev bremsstrahlung beam. In one set of measurements,
intended to check the kinematical features of the model, we have
observed the angular spread of the n —p coincidences which arises
from the momentum distribution of nucleons in the complex
nuclei. These observations were preliminary to the main group of
measurements, which consisted in a direct comparison of the cross
sections and angular distributions of quasi-deuteron disintegra-

tions for Li and 0 to those from D for 260-Mev photons. (A more
limited group of measurements are reported for 200-Mev photons. )

The results of these observations indicate that the quasi-
deuteron photodisintegration proceeds through the same mecha-
nisms as are responsible for the photodisintegrations of free
deuterons at the energies investigated. However, a quantitative
understanding of the data, especially for the cross-section ratios,
required an analysis of the effects of scattering of the emerging
nucleons in the target nuclei. Qualitative arguments concerning
these e6'ects are given herein; the more quantitative discussion is
postponed to a future communication.

INTRODUCTION

ARLY experiments" on the photoejection of high-
& energy protons from complex nuclei led to the

proposal, by Levinger, ' of a quasi-deuteron model for
the high-energy nuclear photoeGect. According to
Levinger's model, the photon is pictured as interacting
with two nucleons in the nucleus; the ejection of high-

energy nucleons is thus caused, at least in part, by the
same processes as lead to the photodisintegration of the
deuteron. However, the kinematics of the quasi-
deuteron photodisintegration are modi6ed by the in-

ternal motion of the nucleons in the nucleus.
Subsequent measurements of the energy and angular

distributions of the high-energy photoprotons4 ' tended
to confirm the Levinger model, although a number of
discrepancies appeared to exist between the experi-
mental results and the theoretical predictions. ' Con-
vincing evidence for the quasi-deuteron model was

supplied by the observation, by Barton and Smith' and

by our group, ' of neutrons, in coincidence with the
photoprotons from lithium and carbon, with the kine-
matical relationships appropriate to the photodisinte-
gration of the deuteron. These events were observed in

*This work has been supported in part by the joint program of
the Once of Naval Research and the U. S. Atomic Energy
Commission.
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Rev. 94, 1000 (1954).
e M. Q. Barton and J. H. Smith, Phys. Rev. 95, 5'i3 (1954).
9Myers, Odian, Stein, and Wattenberg, Phys. Rev. 95, 576
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sufEcient number to account for the major portion (if
not all) of the photodisintegrations which yield high-

energy nucleons.
Following the initial measurements, which established

the validity of the quasi-deuteron model, we have
undertaken a series of experiments with the dual pur-
pose of further elucidating the nature of the quasi-
deuteron disintegration mechanism and of exploring the
possible usefulness of this photodisintegration process as
a tool for the investigation of nuclear structure —in
particular, the momentum distributions of nucleons in
complex nuclei. YVith these ends in mind, the following
measurements have been undertaken:

1. The angular and energy dependence of the cross
section for the quasi-deuteron photodisintegration as
compared to the free deuteron photoeGect;

2. The angular distributions (spread) of the neutrons
in coincidence with protons emitted at various angles
and energies;

3. Dependence of the processes under investigation
on atomic number;

4. The possible photoemission of proton-proton pairs.

This paper consists of two parts. First is a fuller report
on preliminary experiments which we feel establish the
validity of the quasi-deuteron model. The second part
is a report on results concerning the mechanisms of the
quasi-deuteron photodisintegration. The latter part is
based mainly on the results obtained under item 1,
although some data under items 2 and 3 are required in
the interpretation, and they will be given when needed.
Subsequent publications will deal with the interpreta-
tion of these data; one will concern the distribution of
nuclear momenta in complex nuclei (from item 2) and a
second will deal with the effects of nuclear size on the

7
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observations (item 3). Preliminary results relating to
item 4 have already been published. "

All of these investigations were performed using, as a
photon source, the 340-Mev bremsstrahlung beam from
the Massachusetts Institute of Technology synchrotron. '

THEORETICAL CONSIDERATIONS

In comparing the energy and angular distributions of
the photodisintegration of the quasi-deuterons in com-
plex nuclei with those of the free deuteron, it is expected
that information may be obtained concerning differences
between the processes responsible for the two phe-
nomena. Such differences might be expected to arise,
mainly, from two causes. In the first place, the distribu-
tions, both in space and in their relative momenta, of the
two nucleons comprising the quasi-deuteron will be
different from the corresponding distributions in the
free deuteron. Secondly, the neutron and proton of the
quasi-deuteron may be in a relative singlet S-state, or a
P-state, as well as in the triplet S-state which is
characteristic of the free deuteron.

The experimental evidence on the photodisintegration
of the free deuteron is now fairly complete over a range
extending from threshold to 450-Mev photon energy.
In the low-energy range, "extending to ~10 Mev above
threshold, the process is predominaritly electric dipole
absorption (except very close to threshold) with a
characteristic sin'0 angular distribution; all of its fea-
tures are well understood in terms of the conventional
theories of the neutron-proton forces. Schiff" and
Marshall and Guth" have extended the low-energy
calculations to photon energies of 100 Mev, assuming
that the nucleon-nucleon forces are describable by the
same type of potential as is required at low energies.
Their calculations predict a cross section which de-
creases rapidly and monotonically with increasing
photon energy, and which has an angular distribution
which remains predominantly sin'0. The observed cross
section shows marked deviations from this theory, even
at the relatively low photon energy of 20 Mev, "
mainly in that the angular distribution exhibits an
appreciable isotropic term together with a marked
asymmetry about 90'. At somewhat higher energies, ""
these deviations become much more marked, both in the
values of the cross section (considerably higher than
predicted) and in the angular distributions.

In his original calculations on the quasi-deuteron

' Weinstein, Odian, Stein, and Wattenberg, Phys. Rev. 99, 1621
(1955)."G. L. Squires, in Progress zzz 1Vzzclear Physics (Academic Press,
Inc. , New York, 1952), Vol. 2, p. 89."L.I. Schiff, Phys. Rev. 78, 733 (1950)."J.F. Marshall and E. Guth, Phys. Rev. 78, 738 (1950).

zz J. Halpern and E. V. Weinstock, Phys. Rev. 91, 934 (1953);
"W.S. Gilbert and J.W. Rosengren, Phys. Rev. 88, 901 (1952).' Keck, Littauer, O' Neill, Perry, and Woodward, Phys. Rev. 93,

827 (1954).
zz Schreiver, Whalin, and Hanson, Phys. Rev. 98, 763(A) (1954).
~ E. A. Whalin, Jr. , Phys. Rev. 95, 1362 (1954).
zz L. Allen, Jr. , Phys. Rev. 98, 705 (1955).

process, ' Levinger assumed the results of SchiG" and
Marshall and Guth" for the free-deuteron cross section.
At the same time, in order to simplify the computations,
he neglected any possible difference between the singlet
and triplet ss-p cross sections. The result of this compu-
tation was

zr =6.4(XZ/A) o g)'"

where o is the cross section for rz pprodu-ction from the
complex nucleus of atomic number Z and atomic weight
A, S=A —Z, and 0.~'" is the above-mentioned theo-
retical free-deuteron photodisintegration cross section.
I evinger also computed the energy and angular distribu-
tions of the resulting photoprotons assuming a sin'0
angular distribution for the photodisintegration process
and an incident bremsstrahlung photon spectrum.

As first pointed out by Rosengren and Dudley, ' the
main discrepancies between the observations on the high-
energy photoprotons and the predictions of Levinger are
greatly reduced by the simple expedients of substituting
the observed" ts a& for zr&z" in Eq. (1) and using the
observed angular distributions instead of the assumed
sin'0 distribution for the free-deuteron process.

However, in so altering the Levinger theory to 6t the
observations, it must be recognized that considerable
violence is being done to certain of the assumptions
employed in obtaining Eq. (1). It is inherent in the
I.evinger calculation that the high momenta associated
with the process under consideration reRect the presence
of such high momentum components in the wave func-
tion of the original free deuteron or quasi-deuteron.
Indeed, it is the sparsity of these high momentum
components which accounts for the rapid falling-oG of
ooz" with photon energy. The coefficient (6.4) of Eq. (1)
is essentially a measure of the excess of high momenta in
quasi-deuterons as compared to that in free deuterons.
This ratio is computed on the basis of a Fermi-gas model
for the nuclear momentum distribution in complex
nuclei, assuming a nuclear radius of 1.4A&&(10 "cm.

In attempting to explain the observations on the
quasi-deuteron, it is necessary, 6rst, to understand the
free-deuteron photodisintegration process at high ener-
gies. A reasonable explanation of the behavior of OD has
been suggested by Wilson, " based on the assumption
that the photodisintegration of the deuteron at high
energies is essentially a meson-connected process. Quali-
tatively, we may understand the process as follows: In
the region of the meson production threshold ( 150
Mev) and above, the cross section for meson production
by the nucleons in the deuteron is considerably greater
than o-D'". If a meson is produced from a nucleon in the
deuteron, it may either be emitted or reabsorbed by the
two-nucleon system; in the latter case its energy is
shared as kinetic energy of recoil of the nucleons. If the
meson production process occurs when the two nucleons
are relatively far apart (say further than the range of

~ R. R. Wilson, Phys. Rev. 86, 125 (1952).
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nuclear forces, A/ttc) the meson will escape. If, on the
other hand, the two nucleons are closer together than
~h/ttc, phase space arguments indicate that the reab-
sorption process will be greatly favored, at least for
photon energies not too far above the meson threshold
(say E„&300Mev). A quantitative treatment of the
photodisintegration of the free deuteron, based on these
ideas, together with a specific (J'=-,s+, . T=-,s resonance)
model for the meson production process has been given
by Austern" and by Feld."

For the quasi-deuteron process, this model now pro-
vides a natural and simple justification for the interpre-
tation of Rosengren and Dudley. Furthermore, at least
for those processes in which the quasi-deuteron is
initially in a 'S~ state, we have

cr('S) =n(1VZ/A)o D, (2)

where n is the ratio for the probability that the neutron
and proton in a complex nucleus will be separated by a
distance less than 5/ttc as compared to the same
probability in the free deuteron. "The angular distribu-
tion for this process will be the same as that observed
for the free deuteron. We note, furthermore, that this
model no longer requires that the high momenta of the
disintegration products shall be originally present in the
quasi-deuteron. The momentum distribution of the
nucleons in the complex nucleus is reflected mainly in a
"smearing-out" of the kinematics. '4 ~

We are, however, still left with a number of important
questions. The quasi-deuteron, unlike the free deuteron,
can exist in a variety of initial angular momentum states
(e.g. , 'Ss, 'Pr, 'Pa r s, etc.) and while the simple modeP' "
indicates that the meson-connected disintegrations from
these states may be smaller than from the '5&, there is no
reliable experimental evidence on this point. Further-
more, we do not know to what extent the nature of the
process may be influenced by the presence of other
nucleons. Finally, the observed cross section and angular
distribution from complex nuclei will certainly be in-
fluenced by the interaction (scattering) of the nucleons
on their way out of the nucleus.

Two sets of experiments are described in this article.
The first group, of a preliminary nature, represent only
semiquantitative checks on the quasi-deuteron model.
The second set of measurements were performed to

"N. Austern, Phys. Rev. 100, 1522 (1955).
~ B. T. Feld, Nuovo cimento 2, Suppl. 1, 145 (1955).
~A. simple computation, based on a nuclear density corre-

sponding to a radius of 1.2A&)&10 " cm and a Hulthen wave
function for the deuteron, gives a=3.8.

'4 A quantitative discussion of the modified kinematics will be
given in a later paper reporting on the momentum of nucleons in
various nuclei.

"Note added ta proof. K. G. Dedrick (Phy—s. Rev. 100, 58
(1955)j has reported detailed numerical calculations based on
the Levinger model and assuming completely uncorrelated nu-
cleons in which speci6c account is taken of the nucleon motions
and interactions within the nucleus. However, since the numerical
results reported are for photon energies below 125 Mev and
include electric dipole and quadrupole absorption only, we have
not been able to apply these calculations to the interpretation of
our observations.

study the quasi-deuteron process as a function of angle
and energy by a direct comparison with the photodis-
integration of the deuteron.

A. Preliminary Experiment

1. EotperstwertttJl Metho'd

The neutron-proton pair was detected by means of a
coincidence between a proton telescope and a liquid
scintillation neutron counter placed at angles to one
another appropriate to the photodisintegration of a free
deuteron. Although the synchrotron emits a brems-
strahlung spectrum, photons of a speci6c energy, as
determined by the energy and angle settings of the
proton telescope, are singled out in these observations.

The proton telescope consisted of two plastic scintil-
lators. The first plastic scintillator measured dE/doe and
the second the energy E. Both plastic scintillators were
Ave inches in diameter and —, inch thick. Four-inch
diameter holes in brass defined the solid angle of the
telescope. Minimum pulse heights were set in both
detectors to select a certain energy spread of protons.
This method has been described in detail previously. ~

By an appropriate choice of biases and of the thickness
of absorber in front of the telescope, the telescope could
be set to detect protons of a predetermined energy E~
with an energy spread AE~. Most electrons and m

Inesons were excluded by the pulse height requirements
in both crystals. However, the requirement of a coinci-
dence with neutrons should remove all electrons and x
events in the coincidence measurements. With the bias
held constant, the energy interval BB~ is different for
each proton energy (absorber thickness). In practice,
~E„was between 20 and 25 Mev. d,E~ was determined
experimentally in a separate experiment.

In this preliminary experiment, the neutron counter
was a ten-centimeter diameter by 30-centimeter long
hollow plastic cylinder 6lled with cyclohexylbenzene
containing terphenyl. The bias was set so that neutrons
with energies less than about 15 Mev would not be
observed. The neutron detector and its eSciency are
discussed in detail in a separate article, "in which the
electronic circuitry employed is also described.

Neutron-proton coincidences from deuterium were
observed in order to study the angular resolution and
eKciency of the neutron counter. Since the deuterium
was in the form of heavy water, a light-water subtraction
was necessary. The water samples were contained in
thin-walled, almost identical plastic cells. In addition,
measurements were made with a lithium target. Un-

fortunately, in this set of measurements, the lithium
sample was in the form of a cylinder 10 cm long and
10 cm in diameter. This bulky sample had the effect of
changing the experimental resolution of the apparatus
as well as of scattering some of the outgoing particles.

The geometry employed is shown in Fig. 1.
~6 Christie, Feld, Odian, Stein, and Wattenberg, Rev. Sci. Instr.

(to be published).
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energy. (The center-of-mass angle for a free deuteron
disintegration is determined by the proton detector. )
To determine the total number of tt-p coincidences, one
would have to integrate curves of the type shown in
Figs. 2 and 3, keeping in mind that there is also a spread
in the vertical direction. (The x-ray and the proton lay
in the horizontal plane. ) At angles other than 90' in the
c.m. system, the vertical spread could be appreciably
diferent from the horizontal spread, since our scheme
observes quasi-deuterons whose center-of-mass motion
is in the horizontal plane.

If one desired to perform this integration, an exact
knowledge of the angular resolution of the neutron
detector would also be required. To avoid the necessity
of this integration, a large neutron detector was con-

5 01

Photo

FRONT VIEW SiDE ViEW BACK VIEW

FrG. 4. Large neutron counter used to integrate over
neutron angles.

Z. Measurements and Results

angle indicates that all neutrons in coincidence with
protons are being observed at the larger solid angles.
For the measurements on Li and 0, we employed a
solid angle larger than 0.3~ which, from the data of
Fig. 5, appears to be safely on the plateau. For the
measurements on deuterium, the counter was moved
back so that the neutrons would be spread across the
counter in the same way as they were spread from Li
and O. Thus, for each angle and energy setting of the
proton detector, it was necessary to set the large
neutron detector at only one (neutron) angle.

at
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The purpose of these measurements was to compare
the cross section for the production of e-p coincidences
from Li and 0 to that of deuterium. For such processes
the diGerential cross section is given by an expression of
the form

I I I I t I

40 65 50 60 70 90 0 l00 t IO l20 I30 t40 i 50135
en (Laboratory Angle)

FIG. 3. Variation of neutron-proton coincidences with neutron
angle. Gamma-ray energy is 252 Mev.

structed which could be made to subtend solid angles
su%ciently great to include all the neutrons in coinci-
dence with the observed protons. This detector thus
performs the desired integration for us. The large
neutron detector is shown schematically in Fig. 4. Its
uniformity and efficiency are described in detail in a
separate article. " Its bias was set to avoid observing
neutrons with energies less than 15 Mev.

To be certain that this detector was observing all
neutrons in coincidence with the protons, a special set of
measurements was made in which the distance of the
large neutron counter from the target was varied. This
is equivalent to varying the solid angle of the counter.
The results of the test are shown in Fig. 5. The fact that
the tt-p coincidence rate is flat beyond a certain solid

4.0—
Lithium

3.0—
el /

/"z.o- I OxygenLi(-}8 2

kr

8 o~-'~/
Distance, Lorge Neutron Counter to Target

p V
55' 33' 26', 23', l9' l7

Q .t7r .P7r .$7r .47r .5m .67r .77r .87r
Sotid Angle Subtended by the Large Neutron Counter (Sterodions)

Fre. 5. Variation of e-p counting rate in large neutron counter as
counter is moved away from target.

where e is the over-all efficiency including solid angles;
P is a factor that would correct to the center of mass and
take account of the energy spread; A is the number of
atoms/cm'; and A is the effective area of the target. If
one takes ratios of cross sections, say of Li to 0, then the
factors e, Ii, A, and Aux per monitor unit cancel out in
the ratio. However, rather than compare cross sections
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TABLE I. Summary of data' for H20 and 020. E =260 Mev; Op*=90'; Op=8&=8&,b= 76'; Ep=129 Mev; E&=129 Mev.

Runb

1
2
3

Prot

MH2o

7.112
7.553
7.021
7.753

Prot

MDso

7.964
8.521
8.078
8.520

0.852
0.968
1.057
0.767

N-P
MHso

0.042
0.048
0.049
0.048

. N-P
MD2o

0.140
0.143
0.157
0.148

S, (N —P)

0.098
0.095
0.108
0.100

0.115
0.098
0.102
0.130

N-P
PHso

0.0060
0.0064
0,0070
0.0061

N —P
PD2o

0.0176
0.0168
0.0194
0.0174

Av 7.360
Correction of 0.02 H20'

Corrected av value:

8.271 0.91
0.15

0,047 0.147 0.100
0,001

0.110 0.0064 0.0178

Prot/MD2 ——1.06 Ã —I'/3ID2 =0.101

a Large conuter far away (Sl in.).
b Each run corresponds to about 2000 monitor units.
& The correction of 0.02 HsO is to correct for the HsO cell having a thickness that is 0.98 of the thickness of the DaO cell.

per atom, it appears to be more meaningful to compare
cross sections per nucleon in the nucleus. For such a
comparison, the ratio reduces very simply to

(da/da&)L, .
I

counts per M/(g cm ')]L;
(4)

(do/des)o [counts per M/(g cm ')]D

where M stands for monitor unit.
In order to illustrate the kind of consistency that was

obtained in one of the most reliable sets of identical
measurements, and the corrections applied, a summary
of the data taken at 76' to the beam is shown in
Tables I and II. It will be noted that the H20 —D20
subtraction involves a di6erence of two large numbers
for the proton rates. For the rr, pcoincidence, t-he

situation is somewhat better. The columns (,V P)/P—
are used to check on the reliability of the electronics and
the stability of the neutron counter.

The average corrected values obtained from such

t.o—

0.8—

summaries are then divided by the g/cm' of target in the
beam; from these numbers the ratios of cross sections
(per nucleon) are obtained from expression (4). The
ratios obtained for 260-Mev photons are plotted against
the (free deuteron) center-of-mass angle in Fig. 6. The
Li/D ratios are essentially independent of angle. The
0/D ratio seems lower at the smaller angles. Within the
statistical accuracy of the experiment, however, it
appears that the quasi-deuteron process has the same
angular distribution as the photodisintegration of the
deuteron for 260-Mev photons.

The fact that the Li/D ratio has a value of 0.65, while
the 0/D ratio is 0.35 is understandable on the basis of a
separate measurement (to be described in a subsequent
communication), in which targets ranging from lithium
to lead were studied. These measurements showed that
the diGerence between 0.65 and 0.35 arises from the
greater attenuation of the nucleons on traversing the
larger nucleus.

Some measurements were also made corresponding to
photon energies of about 200 Mev using a 340-Mev
bremsstrahlung cuto8. The value for the ratios at 90'
(in the center of mass of the free deuteron) are 0.85
+0.10 for Li/D and 0.57+0.07 for 0/D. The relative
values are understandable on the same basis as de-
scribed above. However, the fact that the absolute

0.6—
TABLE II. Summary of data' for lithium and oxygen. E~=260

Mev; op*=90; &p=&N=olab=76; Zp=129 Mev; 8~=129
Mev. b

CL
0,4—z

CL

Z

0.2—

00

0 Lithium
Pxygen

I I I I I I

20 40 60 80' l00 I 20' l40 t60'
et' = Proton Angle in Center-of-Moss System

Substance Runb

2
3

~AU

2
3

B'AV

P/M

5.42
5.42
6.07

5,64

7.00
7.00
7.55

7.18

(N —P)/M

0.244
0.244
0.257

0.248

0.142
0.142
0.150

0.145

(N —P)/P

0.0450
0.0450
0.0423

0.0441

0.0203
0.0203
0.0198

0.0201

FIG. 6. Angular distribution of photoneutron proton pairs from
lithium and oxygen relative to deuterium. E&=260 Mev.

a Large counter up close (10 in.).
b Each run corresponds to about 2000 monitor units.



PHOTOEJECTION OF HIGH —ENERGY NUCLEONS

values of the ratios are greater than for 260-Mev
photons does not appear to be consistent with the
theoretical ideas discussed above.

As a byproduct of these coincidence measurements,
we obtained data on the proton emission (i.e., the proton
singles rate). The ratios for the production of protons by
260-Mev photons are shown in Fig. 7. Again we have
plotted cross-section ratios per nucleon in the nucleus.
For lithium, the ratios seem to be independent of angle.
However, for oxygen there again seems to be a rise at
the backward angles. The other interesting point to note
is that there does not seem to be a comparable attenua-
tion (in escaping from the nucleus) of the protons, in
that both ratios are about 1.3. This apparent direct Z
dependence of the photoproton production has been
observed previously by many groups. '

An understanding of the apparent Z dependence of
the single proton ratio and its failure for the yg-p

coincidence ratio requires a more detailed investigation
of the attenuation and the geometries involved. How-
ever, a tentative explanation can be advanced along the
following lines: The attenuation arises from scattering
of the nucleons inside of the target nucleus. In the case
of the gg-p coincidence measurements, any scattering is
likely to prevent the observation of an I-p pair. In the
case of single protons, scattering will also occur; how-
ever, for single protons, one must take into account those
protons which are scattered into the angles of observa-
tion as well as those which are scattered out. This
problem is discussed further in the projected article
dealing with the A-dependence of this efkct. These
scattering phenomena also might provide an explanation
of the backward rise of the proton counting rate from
oxygen relative to deuterium.

Another possible by-product of these measurements is
a determination of the differential cross section for the
photodisintegration of deuterium. However, in these
experiments, the heavy water-light water subtraction
leads to such poor statistical accuracy that no signi6cant
conclusions can be drawn from our data.

Lithium
~ ~

2,4 $ Oxygen

4—

In that the observed kinematical relationships are
close to those of a deuteron and in that the angular
distribution (in the center-of-mass system) is very
similar to that of a deuteron, it would appear that the
major contribution to this photoprocess must come
from neutron and proton pairs which are in a relative
S-state.

It is very tempting to draw the more interesting
conclusion, from the Li data at 260 Mev, that despite
the presence of other nucleons the neutron-proton pairs
are predominantly in an 5-state in a complex nucleus.
However, the oxygen angular distribution did vary
slightly from that of the deuteron and the values of the
ratios at 260 and 200 Mev do not agree. A possible
explanation of these eGects, especially the discrepancy
in the ratios, could lie in a dependence of the ratios upon
the maximum energy of the photon spectrum. This
could arise from the suppression of disintegrations in-
volving those portions of the initial momentum distribu-
tion which require photons of energies in the region of or
beyond the bremsstrahlung cutoG. The validity of such
an explanation could be veri6ed by measuring the
dependence of the ratios on the maximum energy of the
bremsstrahlung spectrum.

0 20' 40' 60' 80' 100' l20' l40' l60' l80'
8p" (Proton Angle in crn3

Pro. 7. Proton rates for oxygen and lithium relative to deuterium
for various laboratory angles.

CONCLUSIONS

The 6rst and most obvious conclusion is that the
quasi-deuteron model is a good one for photons with
energies between 140 and 300 Mev. However, until a
quantitative analysis of the eBect of scattering on the
single proton rates has been achieved, it is dificult to
say whether the quasi-deuteron process can account for
all the high-energy photoprotons not associated with
real meson production.
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