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One-nucleon knockout calculations have been performed for the reaction ' C(y,p )"B at incident

photon energies of 60, 80, and 100 MeV. Both two-step processes and high-momentum components

in the single-nucleon wave function due to short-range correlations have been included. It is shown

that direct knockout leading to the "Bground state followed by inelastic excitation of the —,
' state

at 6.743 MeV in "Bexceeds the direct excitation of this state by 1 to 2 orders of magnitude. For the

ground-state transition the influence of high-momentum components becomes increasingly impor-

tant going from Ey =60 to 100 MeV. Constraining the parameters entering the calculation by re-

cently measured quasielastic "C(e,e'p) "Bdata a discrepancy is found between the calculations and

the data, particularly at low photon energies, which is attributed to exchange currents and random-

phase approximation correlations.

I. INTRODUCTION

Quasielastic knockout reactions such as the electron-
induced proton knockout reaction (e,e'p) have provided
detailed quantitative information on the wave functions
of individual nucleons inside the nucleus. ' Experiments
on a fairly large range of nuclei have mapped the
momentum distributions of valence protons up to the
Fermi momentum kF. These distributions are well de-
scribed using simple single-particle wave functions, lend-
ing support to the concept of a nuclear mean field. How-
ever, the spectroscopic factors derived from such analy-
ses are significantly smaller than expected from mean-
field calculations. ' Moreover, unexpected strength is
found at large values of the missing-energy parameter
(E &60 MeV), which cannot be due to a single-particle
knockout. ' It is believed that these observations are due
to correlations between nucleons in the nuclear ground
state, which should also yield additional strength in the
proton momentum distributions beyond kF. Presently,
this part of the momentum distribution cannot be investi-
gated with the (e, e'p) reaction due to the limited duty
factor available at existing intermediate-energy electron
accelerators.

The photon-induced knockout reaction (y,p) at photon
energies E&=60—100 MeV is sensitive to initial proton
momenta beyond kF, as the mismatch between the
momentum transfer ( =E in this case) and the momen-
tum of the knocked-out proton is quite large. Hence,
such (y,p) experiments could yield complementary infor-
mation on the aforementioned nucleon-nucleon (XN)
correlations. However, in this energy domain there are
considerable uncertainties regarding the mechanism of
the (y,p) reaction. The relative importance of a quasifree
direct knockout process with or without exchange
currents and the so-called quasideuteron mechanism' is
still under debate. "' It goes beyond the scope of the
present paper to resolve this issue, but it is of importance

to establish which part of the (y,p) cross section can be
expected on the basis of knowledge from existing (e, e'p)
data. Possible differences can then be attributed to pro-
cesses that do not (significantly) contribute to the (e,e'p)
cross section below kF, such as meson-exchange currents,
initial-state correlations due to the short-range part of the
NN interaction, and final-state correlations between the
continuum proton and individual hole states in the resid-
ual nucleus (random-phase-approximation-type correla-
tions). It is the aim of this paper to employ all in-

gredients entering the analysis of modern (e, e'p) data in
calculating (y,p) cross sections. Both the effects of two-

step processes and of short-range correlations are con-
sidered. We have chosen ' C as the subject of our studies
in view of the high-resolution (e, e'p) and (y,p)
data ' ' ' that have recently become available. Partic-
ular attention will be given to the ( —,',—,') doublet at
E =6.8 MeV in "B,which was excited with unexpected
strength in a recent ' C(y, p) experiment. ' '

II. CONSISTENT (e, e'p) AND {y,p) CALCULATIONS

Previously there have been several attempts to obtain
consistent descriptions of quasielastic (e, e'p) data and

(y,p) data above the giant resonance region. Findlay and
Owens' transformed ' C(y, p) and ' C(e, e'p) cross sec-
tions to a plane-wave impulse approximation momentum
distribution using a crude description of the final-state in-

teraction. While assuming a factorized cross section for
both reactions, and thus neglecting the spin-orbit interac-
tion, they found a single curve describing both data sets.
However, deviations of up to a factor of 2 remained be-
tween the curve and single data points, especially for the
(e, e'p) data at low momenta, i.e., below 120 MeV/c.

Boffi et al. developed rather sophisticated direct-
knockout codes for both (y,p) and (e, e'p). Their (y,p)
code' ' includes corrections for three effects that are
thought to be negligible in (e, e p): (i) orthogonality of the
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initial-state and final-state wave functions, (ii) antisym-
metrization of the initial-state and Anal-state nuclear
wave functions under the exchange of any pair of nu-
cleons, and (iii) coupling of the photon to the recoil nu-
cleus. The resulting calculated (y,p) cross sections are
relatively close to the ' C data, but the bound-state and
continuum wave functions employed are not consistent
with more recent (e, e') and (e, e'p) data. Their (e, e'p)
code has recently been modified' such that the distortion
of the electron waves in the Coulomb field of the nucleus
is treated in the first-order eikonal approximation. Using
this Coulomb distorted-wave impulse approximation
(CDWIA) code with properly checked bound-state and
continuum wave functions good descriptions of recently
measured (e,e'p) cross sections are obtained for various
nuclei. '

A third approach is due to Cavinato et al. and Ryck-
ebusch et al. ,

' who performed random-phase approxi-
mation (RPA) calculations for the (y,p) and (e,e'p) reac-
tions on ' C, ' 0, and Ca. These calculations, which
effectively encompass the aforementioned final-state (or
RPA-type) correlations, exchange currents, and some
multistep processes in the final state, describe the various
(y,p) data with a reasonable degree of success and give a
fairly good account of the (e,e'p) data. Compared to the
Bo% approach the RPA calculations have the advantage
of including the effect of giant-resonance-like proton
emission processes, which is especially important in (y,p)
with its relatively low energy transfer. However, more
complicated np-nh excitations (n & 2) that are effectively
included in the Bom calculations through the imaginary
part of the optical potential are not included in these
RPA calculations, thereby leaving out an important part
of the final-state interaction. Hence, there is a fundamen-
tal uncertainty in the overall normalization of the calcu-
lations with respect to the data.

The present calculations have been carried out using
Boffi's (y,p) code. ' Compared to previous ' C(y, p) cal-
culations with this code' we now have the advantage of
having the results of a high-resolution ' C(e, e'p) experi-
ment available. ' These (e, e'p) data have been analyzed
with the aforementioned CDWIA code, ' yielding a good
description of the cross sections. From this analysis we
take the parameters of the bound-state wave function
(ra= 1.3511 fm, a0=0. 65 fm, X=25, r, = 1.20 fm and a
nonlocality range P=0.85 fm) and the spectroscopic fac-
tor for the transition to the "B ground state
(S, =1.72). The root-mean-square (rms) radius of the

lp3&2 wave function thus calculated (2.780 fm) is in agree-
ment with rms radii obtained in magnetic elastic electron
scattering off neighboring nuclei. The parameters of the
optical potential have been interpolated from the results
of Comfort and Karp, who analyzed ' C(p,p) data over
a wide energy range (12—183 MeV). The same method
was used to obtain the optical model parameters for the
(e,e'p) analysis. Thus a new aspect of the present (y,p)
calculations is that they are fully consistent with existing
(e, e), (p,p) and (e,e'p) data.

We note that contrary to the (e,e'p) analysis in the
present calculation no nonlocality correction was applied
to the proton continuum wave function. The reason for

III. TWO-STEP PROCESSES

Two-step processes were shown to be of importance in
the analysis of the ' C(e, e'p) experiment, in particular
for transitions involving knockout from an orbital above
the Fermi level. In the past Haider and Londergan
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FIG. 1. Calculations of the ' C(y,p) angular distribution at
E~ =80 MeV. The solid line includes corrections for ortho-
gonality, antisymmetrization, and c.m. recoil effects, while no
nonlocality correction was applied to the proton continuum
wave function. The dashed line has been obtained without the
aforementioned corrections except for a nonlocality correction.

this was explained by De Forest, who pointed out that
the orthonormality condition between two wave func-
tions that are solutions of an energy-dependent potential
corresponds to a nonlocality correction. Hence, applica-
tion of both an orthogonality correction [as is done in the

(y,p) code] and a nonlocality correction [as is done in the
(e, e'p) code] would amount to double counting (also see
Ref. 17). This point is illustrated in Fig. 1, where two
calculations of the ' C(y, p) angular distribution at
E =80 MeV are shown. The solid line includes correc-
. t

tions for orthogonality, antisymmetrization and recoil
effects, while no nonlocality correction was applied to the
proton continuum wave function. The dashed line was
obtained with the same bound-state wave function and
optical model, but none of the aforementioned correc-
tions were applied except for a nonlocality correction of
the outgoing proton wave using a range parameter
P=0.85 fm. The similarity of the curves at forward pro-
ton angles confirms the assumed equivalence of ortho-
gonality and nonlocality corrections. The difFerence be-
tween the two calculations at backward proton emission
angles is due to the coupling of the photon to the recoil
nucleus. This contribution depends on the form factor of
the residual A —1 nucleus and therefore is relatively
large in (y,p), since the momentum transfer in this reac-
tion is relatively small.



42 TWO-STEP PROCESSES AND SHORT-RANGE CORRELATIONS. . . 2599

considered the effect of channel couplings in (y,p) and

(m, p) reactions in a schematic analytic approach. Al-

though no comparison to the data could be made, they
concluded that channel-coupling effects could be large
even at high photon energies (200 MeV). In this paper
we will use the method (outlined in Ref. 25) that was used
to evaluate the effect of channel couplings in (e,e'p). In
this approach the (e, e'p) reaction [or equivalently the
(y,p) reaction] is simulated by a proton-pickup reaction
for a very light (fictitious) particle.

The calculations have been performed with the com-
puter code CHUCK. . The coupling scheme is identical to
the one used in Ref. 3 and is shown in Fig. 2. It involves
direct knockout from ' C leading to the "Bground state
followed by an inelastic excitation leading to either the

state at 4.445 MeV or the —,
' state at 6.743 MeV in

"B. Direct knockout of a lf proton leading to either
one of these states is also included. Whereas the ampli-
tude of the lf7/z transition could be determined from a
fit of the (e,e'p) data, the amplitude of the 1fs/2 transi-
tion was taken from a shell-model calculation, because
no measurable strength for the —', state was found in the

(e,e'p) experiment. The radial shape of the 1f&/z and
1f7/2 bound-state wave functions has also been taken
from Ref. 3 (ao =0.65 fm, A, =25, r, =1.20 fm, P=O. O fm
with ro =2.4840 fm for the 1f5/z orbital and ro=2. 3904
fm for the 1f7/2 orbital. )

The coupled-channels (CCIA) cross sections evaluated
with CHUCK cannot be directly compared to measured
cross sections, since the factorization (introduced by us-

ing cHUcK) is known to be a bad approximation for the
(y,p) reaction. ' Consequently both CCIA and standard
single-channel (DWIA) calculations have been carried
out with CHUCK. The results found with Boi%'s unfactor-
ized (y,p) code' were multiplied by the ratio of these
CCIA and DWIA calculations in order to get unfactor-
ized cross sections that include the effects of channel cou-
plings.

IV. SHORT-RANGE CORRELATIONS

10-'
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s

Bound-state wave functions

One of the reasons for our interest in low-energy (y,p)
data stems from the possible sensitivity of this reaction to
nucleon momenta beyond kr. The influence of additional
high-momentum components in the single-nucleon wave
function was studied in two different approaches. The
first approach involves the analysis of a recent elastic
magnetic electron scattering experiment off ' N at high
momentum transfer. The ' N(e, e) data were described
using a coherent sum of five I = 1 harmonic-oscillator
wave functions with different main quantum numbers.
The corresponding 1p3/2 wave function for ' C was ob-
tained from the same set of harmonic oscillator wave
functions, but with a different oscillator parameter b and
a different overall normalization. Both parameters have
been determined from a fit to the low-momentum ((340
MeV/c) part of the bound-state wave function P,~3/2 used
in the analysis of the ' C(e, e'p) experiment. The result-
ing overlap function l(4„&l4z )l for the reaction
' C(y,p)"B, is displayed in Fig. 3 (dashed curve labeled

Ip3/2)
In the second approach we added a high-momentum

tail to the aforementioned bound-state wave function

P& 3/z that gives a good account of the ' C(e, e'p)"B
data:

)Iq'~ & I'=(1—E, )lp), 3/2(p)l'+E, &(p),

where the parameter c., determines the contribution of
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FIG. 2. Coupling scheme for the CCIA calculations of the
' C{y,p) reaction. The coupling amplitudes are indicated in the
figure. The amplitude for the transition to the ' Cg, has been
increased compared to the spectroscopic factor mentioned in
the text in order to account for all knockout strength to low-

lying 1p states in "B{see Ref. 3).

10-13
0

) I )

200 400 600 800 1000

Momentum (MeV/c)

FIG. 3. Overlap of the initial and final nuclear states used in
our ' C(y, p) calcu1ations. The curves essentially represent the
square of the wave function in momentum space, and thus cor-
respond to the PWIA momentum distribution. The dashed
curve was derived from the analysis of a recent "N(e, e) experi-
ment (see Ref. 29). The low-momentum part of both the solid
and dotted curves (representing the 1p3/2 and 1f7/2 wave func-
tions, respectively) is identical to the square of the bound-state
wave function used in the "C(e,e'p) analysis" of each of these
states, while the high-momentum part has been taken from Ref.
30.
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the high-momentum tail N(p) to the total overlap func-
tion. For N(p) we used a simple description of nucleon
high-momentum components due to short-range correla-
tions as given by Malecki et al. This description
parametrizes results obtained by Malecki and Picchi '

with the Jastrow correlation model. In the present calcu-
lations we used the parameters obtained by Malecki
et al. for ' 0 (e, =0.095, x, =0.69 fm, and y, =0.15
fm), which except for a slightly smaller value of e, are the
same for He. The results for both the lp3&2 (solid curve)
and the 1f7&z (dotted curve) orbital are shown in Fig. 3.
As expected the resulting wave functions only start to de-
viate from the pure single particle wave functions beyond
350 MeV/c. Hence, these tails do not affect the descrip-
tion of the (e,e'p) experiment, in which only data below
230 MeV/c were obtained. We also conclude from Fig. 3
that the Malecki approach presumably overestimates the
effect of short-range correlations on the overlap function.

In order to incorporate the additional high-momentum
components in our 0WIA calculations we have
transformed the momentum-space representation of the
wave functions shown in Fig. 3 to r space. The transfor-
mation is trivial for the overlap function derived from the
' N(e, e) data. For the Malecki approach this has been
done by expanding the total overlap function in terms of
a coherent sum of 8 harmonic oscillator wave functions
of the same orbital quantum number, but of different
main quantum numbers.

V. RESULTS

The results of the ' C(y,p) calculations are shown in
Figs. 4-7. Angular distributions are plotted for the tran-
sition to the "8ground state, the —', state at 4.445 MeV,
and the —,

' state at 6.743 MeV. In each case calculations
have been performed for three values of the incident pho-
ton energy: 60, 80, and 100 MeV. The solid curves
represent direct knockout DWIA calculations using
Woods-Saxon-type bound-state wave functions derived
from (e, e') data, the dotted curves are calculations using
overlap functions that include the effects of short-range
correlations, the dot-dashed curves correspond to the
CCIA calculations, while the dashed curves represent
calculations that include both the effects of channel cou-
plings and of short-range correlations. We will now dis-
cuss the three transitions separately.

Ground state -transition The. ' C(y,p) data in Figs. 4
and 5 are due to Matthews et al. From a comparison
of the solid and dot-dashed curves we conclude that
channel couplings of the type depicted in Fig. 2 do not
strongly affect the cross sections in the energy range be-
tween 60 and 100 MeV. Coupled-channel calculations
for the ' C(e, e'p) reaction also revealed relatively stnall
effects for the ground-state transition. However, we ob-
serve a large discrepancy between the CCIA calculation
and the experimental data at all three energies, while the
corresponding CCIA calculation gave a very nice account

'
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FIG. 4. Angular distributions of the reaction ' C(y,p) "Bg, for three values of the incident photon energy 60, 80, and 100 MeV.
The solid curves represent direct knockout DWIA calculations using the bound-state wave functions derived from {e,e'p), the dotted
curves are calculations using overlap functions that include the efFect of short-range correlations [as derived from "N(e, e) data], the
dot-dashed curves correspond to the CCIA calculations, while the dashed curves represent calculations that include both the effect of
channel couplings and of short-range correlations.
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FIG. 5. Angular distributions of the reaction "C{y,p) "B~, The curves have the same meaning as in Fig. 4, but now the Malecki

approach was used to incorporate the effect of short-range correlations.

of the ' C(e, e'p) data. Hence, some mechanism contrib-
utes to the (y,p) reaction that is absent in (e, e'p).
Meson-exchange currents, for instance, may be more im-

portant in (y,p) than in (e,e'p), since the former reaction
is purely transverse, whereas the latter reaction is mainly

longitudinal. In the standard CDWIA analysis of (e,e'p)
data neither exchange currents, nor final-state (RPA-
type) correlations or initial-state (short-range) correla-
tions are considered. Therefore we will consider these
mechanisms as possible causes of the observed discrepan-
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FIG. 6. Angular distributions of the reaction ' C(y,p) "Bleading to the —' state at 4.445 MeV in "B. The meaning of the curves

is explained in the caption of Fig. 4. The Malecki approach was used to incorporate the effect of short-range correlations.
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FIG. 7. Angular distributions of the reaction ' C(y,p) "8 leading to the ~ state at 6.743 MeV in "B. The meaning of the curves

is explained in the caption of Fig. 4. The Malecki approach was used to incorporate the effect of short-range correlations.

cy in the following paragraphs.
Both Cavinato et al. and Ryckebusch et al. ' attri-

buted their reasonably successful description of the 60-
MeV ' C(y,p)"B and ' O(y, p)' N data respectively to a
combination of final-state (RPA-type) correlations and
exchange currents. A subtle interference between these
RPA correlations and exchange currents is also thought'
to be responsible for the rough equivalence of the (y,p)
and (y, n) cross sections on ' C and ' 0 at 60 MeV.
Cavinato et al. demonstrated in their continuum 1p-1h
RPA calculations that the role of these effects in the reac-
tion ' C(y,p) becomes less important with increasing
photon energy. Hence, it is believed that the discrepancy
between the ' C(y, p) data and the CCIA calculations of
Fig. 4 at low F.~ is caused by a combination of RPA
correlations and exchange currents, both of which are
lacking in our approach.

The role of initial-state (short-range) correlations can
be investigatecf in a more quantitative approach as was
outlined in Sec. IV. In Fig. 4 the parametrization of
high-momentum components derived from the ' N(e, e)
data was used, while in Fig. 5 the Malecki approach was
used. In both cases (dotted and dashed curves in Figs. 4
and 5) it is seen that short-range correlations have their
largest effect at high recoil momentum, i.e., large proton
emission angle and/or high photon energy. As expected
the Malecki parametrization overestimates the effect of
short-range correlations, since the data are well below the
dotted and dashed curves beyond 100 at 80 MeV and 70
at 100 MeV, both corresponding to a recoil momentum
of roughly 340 MeV/c (cf. Fig. 3). Generally, however,
the inclusion of short-range correlations brings the curves
closer to the data.

Since no simple procedure exists to include the efFects

of RPA-correlations and exchange currents in low energy

(y,p) calculations of the type presented in this paper, we

conclude that detailed comparisons between (e, e'p) and

( y,p) data require a relatively high photon energy
(E ~ 80 MeV) in order to be able to derive quantitative

y
information on short-range correlations in nuclei. In
fact, by comparing Figs. 4 and 5 it is seen that the present
data, in particular at large proton emission angles, al-

ready give significant constraints on the size of the high-
momentum tail of the single-nucleon wave function.
However, it cannot be excluded that a destructive in-

terference between short-range correlations and any oth-
er of the aforementioned processes may complicate the
interpretation of the high-momentum data.

Transition to the —,
' state at 4.445 Me V As was .men-

tioned before, in the ' C(e, e'p) reaction no measurable
strength was observed for the transition to this state. '

Recently, high-resolution ' C(y,p) data have become
available' ' that do not show a significant excitation of
this —', state either. From these data' we derived an

upper limit for the cross section of this transition at both
59.7 and 78.5 MeV. These upper limits are indicated in
Fig. 6.

The meaning of the curves in Fig. 6 is the same as be-
fore. For the short-range correlations the Malecki ap-
proach was used. Whereas the influence of short-range
correlations is only marginal, the effect of a two-step pro-
cess involving direct proton knockout from ' C followed

by a secondary excitation of the "8 ground state leading
to the —,

' state is very large. This was also found in

CCIA calculations ' for the excitation of this state in
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the reaction ' C(e, e'p).
The rise of the cross section at backward angles is an

interesting feature of the 60 MeV CCIA calculations.
The results of the direct knockout calculations depend
globally on the value of the missing momentum p
which explains the shape of the DWIA curves. In the
two-step calculation two vectors, p and the momentum
of the outgoing proton p', determine the cross section.
However, in this case there is no simple rule telling how
the cross section as a function of energy and angle of the
outgoing proton should behave. This has also been ob-
served in the ' C(e, e'p) calculations discussed in Ref. 3

(Figs. 6 and 7) and Ref. 25 (Fig. 2), where especially for
the —,

' state the cross sections are shown to be strongly

dependent on the kinematics of the reaction.
The 60-MeV (y,p) data of Fig. 6 are not inconsistent

with our CCIA calculations. It should be possible to ver-

ify our CCIA predictions in a new high-resolution
' C(y,p) experiment with improved statistics.

Transition to the —,', —,
'+ doublet at 6.8 MeV. One of

the most surprising observations in the new high-
resolution ' C(y,p} experiments' ' using tagged photons
is the unexpectedly strong excitation of this doublet con-
taining both the —', state at 6.743 MeV and the —,

'+ state
at 6.792 MeV. The corresponding cross sections are
displayed in Fig. 7. In (e,e'p) this doublet is also ob-
served.

Two-step processes are assumed to be much more im-
portant for the transition leading to the —,

' state corn-

pared to the transition to the —,
' state, since the former

state is much more strongly excited in inelastic proton
scattering off "B (see also Ref. 3). Therefore, the (y,p)
calculations in Fig. 7 only include the transition 'to the

state. Inclusion of the —,
'+ transition in the CCIA

(plus short-range correlations) calculations leaves the
100-MeV curve unchanged, has a minor effect on the 80-
MeV curve below 40', and leads to a relatively small in-
crease ( (40%) in the 60-MeV curve below 50'.

As expected for knockout from an orbital above the
Fermi level, the cross section for direct knockout from
the 1fz&z orbit in ' C is very small: more than two orders
of magnitude lower than the experimental data. Just as
in the case of the —', state, discussed above, two-step pro-
cesses lead to an enormous increase of the calculated
cross section. However, there is still a factor of 5 be-
tween the calculations and the data, even when short-
range correlations are incorporated in the calculations.

As there is no reason to believe why final-state (RPA-
type) correlations or exchange currents act much
differently for the transition to the —,

' state as compared
to the ground-state transition, we think that the lack of
these contributions in our calculations is again the most
likely source of the remaining discrepancy. However, it
should be pointed out that other channel couplings and a
slightly difFerent overlap wave function might also affect
our results. Neither the coupling scheme, nor the wave
function is very strictly constrained by the (e, e'p) data in
this case, as the —,'state is only very weakly populated in
the ( e, e 'p) experiment.

In Ref. 14 the quasideuteron mechanism' was men-

tioned as a possible explanation of the strong excitation
of the —,

' state in "B. At present no quantitative calcula-
tions exist that can either verify or falsify this statement.
Results obtained within the quasideuteron model (QDM)
need not be inconsistent with results obtained in the
present approach as RPA correlations are effectively in-
cluded in the QDM through an integral over the 3 —1

form factor. Moreover, exchange currents and short-
range correlations are effectively included through the
measured deuteron photodisintegration cross section (see
Ref. 10). However, a consistent analysis of (y,p) and
(e,e'p) data cannot easily be done within the QDM
framework.

VI. CONCLUSIONS

Summarizing, we have calculated ' C(y,p) angular dis-
tributions for transitions leading to the "Bground state,
the —,

' excited state at 4.445 MeV and the —,'excited
state at 6.743 MeV. Constraining our calculations by the
results obtained in the analysis of recent ' C(e, e'p) data,
it was shown that short-range correlations give important
contributions to the ' C(y,p)"B, transition. At higher
energies and backward proton emission angles the short-
range correlations even dominate the cross section.
Whereas two-step processes only play a minor role in the
ground-state transition, they yield cross sections exceed-
ing the direct knockout cross section by almost 2 orders
of magnitude for the transitions to the —,

' and the —',
states in "B. Remaining discrepancies between the data
and the calculations are attributed to meson-exchange
currents and final-state (RPA-type) correlations, in which
the effect of giant-resonance-like proton emission process-
es is included.

In order to fully benefit from the complementary na-
ture of (y,p) and (e, e'p) experiments, it is desirable to
have high-resolution data for both reactions obtained at
the same recoil momentum (or momentum mismatch p ).
This will soon be possible as 100%%uo duty factor
intermediate-energy electron accelerators come available
at Mainz, MIT/Bates, and NIKHEF, where (e, e'p) ex-
periments can be carried out at p )kF. The corre-
sponding (y,p) data should be taken at E & 80 MeV (and
backward angles} in order to reduce the infiuence of RPA
correlations, which are diScult to calculate. In this way
both reactions have a similar sensitivity to short-range
correlations, while exchange currents will contribute to
the purely transverse (y,p) reaction but hardly to the
(e, e p) reaction, which is mainly longitudinal. In this
way a combined analysis of (y,p) and (e, e'p) experiments
may yield quantitative information on short-range corre-
lations and exchange currents in nuclei.
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