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Abstract

We propose to measure inclusive 1} photoproduction in nuclei (2H, 3He, 4He, 12C, 58Nj,
208Pb) over the photon energy range k = 0.8-1.5 GeV. The experiment will be performed with the
CEBAF Large Acceptance Spectrometer (CLAS) and the bremsstrahlung photon tagging system in
Hall B. The neutral mesons will be detected via the 2y decay mode. These measurements will
provide important information on the TN interaction and nuclear-medium modifications of N*

resonances.



1. Scientific Motivation

Over the last fifteen years, significant progress has been made in understanding the pion-
nucleus interaction. However, very little information exists on the interaction of the next simplest
meson, the eta, with nucleons, and almost nothing is known about its interaction with nuclei. The
study of the N meson shares many of the motivations of the study of the pion. Just as the pion
studies have provided extensive information on the A(1232) and its dynamics within the nuclear
medium, the investigation of the n, with its isospin selectivity, should enable us to obtain a similar
understanding of the S1;(1535) and other isospin-1/2 N* resonances. In addition, due to the lack
of 1 beams, the production of 1 mesons in nuclei will provide important information on the 1-
nucleon and Mn-nucleus interactions. Reactions induced with photons are particularly suitable for
these studies because photons probe the entire nuclear volume.

The current understanding of the photoproduction of 1 mesons is based on a rather sparse
data set. Most of this data is 20 years old [1], with the exception of two more recent measurements
[2,3]. The data base will soon improve, however, as extensive photoproduction measurements [4]
are planned at CEBAF. These measurements will be complemented by an electroproduction
experiment [5] at CEBAF to study the §;,(1535) and P;;(1710) resonances which are the only
nucleon resonances of mass less than 2 GeV with significant 1| decay branches. The results of
these upcoming experiments should improve our knowledge of the elementary (y,m) process
significantly.

Attempts to describe the elementary amplitudes involved in the (y,n) reaction have focussed
on several different theoretical approaches. In one approach [2,6,7], the process is described in
terms of known nucleon resonances and a phenomenological background. This model contains a
large number of parameters which must be determined from fits to the available data.

An effective Lagrangian method has been used by Benmerrouche and Mukhopadhyay {8].
This approach has fewer parameters to be fitted to the data. They found that the reaction was
dominated by the excitation of the §;;(1535) resonance, and they extracted a value for the helicity
amplitude A;p which is compatible with quark-model estimates [9-12].

Bennhold and Tanabe [13] developed an isobar model for 1| photoproduction on nucleons by
using the *IN — aN, N — anN, and N — 1N reactions to determine the hadronic vertices, and

the pion photoproduction reactions to parameterize the electromagnetic vertices. The 1
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photoproduction amplitude was then used to estimate the cross sections for coherent and incoherent
1 production on several nuclei. The model was later extended [14] to include Born terms in the
elementary production amplitude. The results of these studies indicate that coherent and incoherent
nuclear cross sections are on the order of several 10 nb,

In a series of papers by Liu and collaborators [15-17], an isobar model was used to study the
1 interaction with hadrons. This model predicted an attractive IN interaction and indicated the
possible existence of bound 1N states in nuclei with A 2 12. In the most recent of these papers
[17], the authors conclude that the widths of these bound states may be rather large.

Very recently, Carrasco [18] petformed a theoretical study of inclusive 1 photoproduction in
nuclei. In this work the many-body calculations of the N*(1535) width of Ref. [17] for the case of
bound 7 states was extended to the problem of 7 propagation through nuclei. The inclusive 7
photoproduction cross sections through the excitation of the N*{(1535) resonance were calculated
with a model which incorporates nuclear-medium modifications of the N*(1535) decay width,
Fermi sea effects, and final-state interactions. The photon energy dependence of the cross sections
per nucleon on 160 and 208Pb are shown in Fig. 1. The dot-dashed curves shown in the figure are
the results of calculations with the impulse approximation. The dashed curves are the nuclear cross
sections which were calculated taking into account changes in the N* width, Fermi motion, and
Pauli blocking effects. The solid curves are the results of the full calculations which also include
final-state interactions. As can be seen in the figure, | mesons can be produced below the
production threshold on the free nucleon (k = 709 MeV) due to the Fermi motion of the nucleons in
the nucleus.

The target mass dependence of the cross sections at k = 800 MeV calculated with this model
is shown in Fig. 2. The cross section is found to increase as A% with & = 0.6. This behavior is
similar to that found for 0 photoproduction on nuclei in the A-resonance region where the A-
dependence was described by G < A0-56 [19], and indicates that particles produced in the interior
of the nucleus have a small chance of escaping. In fact, Carrasco reported [18] that, according to
his calculations, about 40% of the 1 mesons are absorbed before leaving the 160 nucleus, and
about 65% are absorbed in the case of 208Pb. The number of 1 mesons which are rescattered
before leaving the nucleus is calculated to be about 9% for 160 and 13% for 208Pb.

Shown in Fig. 3 are the differential cross sections (dzc/dQ.dPn) calculated by Carrasco [18]
for 160 and 208Pb at k = 800 MeV and 0 = 25° before (dashed curves) and after (solid curves)



final-state interactions. The inclusion of the final-state interactions has a greater effect on the
magnitude of the cross sections than it does on the shape of the distributions.

The calculations discussed above show that both final-state interactions and nuclear-medium
modifications are important in inclusive 1 photoproduction in nuclei at energies around the
$11(1535) resonance. Additional theoretical work must be performed on the role of other
resonances and background terms in order to have a complete description of the reaction.
However, it is clear that measurements of the inclusive (y,n) cross section will provide important
information on the NN interaction and the nuclear-medium modifications of the S, response. In
fact, since the cross sections for coherent and incoherent photoproduction of 11 mesons are
predicted [13,14] to be quite small (several 10 nb), inclusive measurements may be the only
feasible way to study the dynamics of the N*(1535) in the nuclear medium. These measurements
are necessary if further theoretical progress is to be made in this area.

At present there is very little data available on inclusive 1 production in nuclei. Most of these
experiments have been performed with pion beams [20-24]. Some of the results of this work are
illustrated in Figs. 4-6 taken from Ref. [20]. Shown in Fig. 4 is an inclusive (x* 1) spectrum
taken on 12C at a beam momentum of 680 MeV/c. Energy-integrated (x*,M) inclusive cross
sections plotted as a function of target mass are shown in Fig. § for three values of beam
momentum. The dotted curves shown in the figure are the results of Glauber model calculations
{25]. The MN total cross section, which is the only unknown input in this calculation, was adjusted
to obtain the best fit to the data. A good description of the mass dependence at all three beam
momenta is obtained with 6(MN) = 15 mb. This should be compared to the N total cross section
of 34 mb at this energy. The NN total cross sections are displayed as a function of pion beam
momentum in Fig. 6. The solid curve shown in the figure is the prediction of the additive quark
model [26]. The results of this calculation are in rather good agreement with the data. The nN total
cross section, shown as the dashed curve for comparison, is clearly larger than the N cross
sections over a wide momentum range. The | momentum range of the proposed experiment is
indicated above Fig. 6.

It is important to point out a disadvantage in using pion beams to make these measurements.
Pion absorption and scattering in the initial state introduces an uncertainty in the extracted N cross
section which is not present in the photoproduction reaction. The effect of the pion initial-state
interactions is illustrated in Fig. 5. We have added the solid line to the figure to show the A
dependence of the cross section without initial-state or final-state interactions. This cross section
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scales linearly with A. The difference between this line and the dotted curve for OnN =0 mb is due
to the w interaction in the initial state. In the case of the photoproduction reaction, any deviation

from the linear dependence will be due to 1 absorption in the final state.
The inclusive (p,n) reaction on nuclei has been investigated in recent experimental [27] and

theoretical [28] papers. The A dependence of the differential cross section measured [27] at a
proton bombarding energy of 1 GeV is shown in Fig. 7. The solid and dashed curves are the

predictions of a folding model [28] with and without 11 absorption, respectively. The result of the
folding model calculation without 1| absorption (dashed curve) has a greater slope than the data.
This suggests significant 1| absorption in the nucleus. However, the calculation with absorption
(solid curve) underpredicts the data, and the fact that it increases more slowly with increasing A
than the data indicates that 1 absorption is overestimated by the model. It has been suggested [27]
that this is due to the fact that 1} absorption is evaluated with the assumption that all 1] mesons are
produced at the center of the nucleus. The NN absorption cross section used in the folding model
calculations was estimated by detailed balance from the %-p — Mn reaction assuming that both
reactions proceeds through the N*(1535) resonance. The resulting 1N total cross section (solid
curve) is shown as a function of the kinetic energy of the 1] meson in the nucleon rest frame in Fig.
8. The dashed curve is the result of a coupled-channel analysis of Bhalerao and Liu [15]. The two
results are in good agreement.

Recently, experiments were performed at the Mainz microtron (MAMI) to measure the
photoproduction of | mesons from 1H, 2H, 12C, 40Ca, 93Zr, and 72Pb in the photon energy range
600-790 MeV [29]. In these experiments the neutral mesons were detected with the Two Arm
Photon Spectrometer (TAPS), which consists of BaF, arrays. The data are still being analyzed,
and only very preliminary results are available. Shown in Fig. 9 are raw mass spectra taken on

several of the targets. The hatched areas in the the figure are the 70 and 1 peaks which stand well
above the background.

This brief discussion of inclusive 1 production, though incomplete, shows that both the 1
energy spectrum and target mass dependence of the inclusive cross section are strongly influenced

by final-state interactions, and are therefore sensitive to the features of the N interaction. Further
progress in understanding the 1N interaction is impossible without much more extensive and

precise data on inclusive 1] production in nuclei. The (y,n) reaction is particularly well suited for
these studies due to the absence of initial-state interactions.



We propose to measure differential cross sections for the inclusive (y,n) reaction on 2H,

3He, 4He, 12C, 58Ni, and 208Pb over the photon energy range k = 0.8-1.5 GeV. The 0
momentum distributions and the target mass dependence of the inclusive cross section will provide

information on the 1-nucleon interaction. Comparisons with the data on n production from the
proton [4] will yield information on the nuclear-medium modifications of the I = 1/2 N*

resonances.

2. Experimental Procedure

The measurements will be performed with the CEBAF Large Acceptance Spectrometer
(CLAS) in Hall B. The data on the 2H target can be taken concurrently with experiment PR-89-045
[30]. The measurements on the 3He, “He, and 12C targets can be performed concurrently with
experiment PR-91-014 [31]. Additional beam time is requested for the 58Ni and 208Pb target. The

main features of the experiment will described in the following sections.

2.1 Beam

The reactions will be induced with tagged photons produced with the Hall B bremsstrahlung
tagging system. Using an incident electron energy of 1.6 GeV, the tagged photons will have an
energy range of 0.8 to 1.5 GeV. This energy range will span from the S;;(1535) resonance to
above the P11(1710) resonance. For the counting rate estimates, the tagged photon rate has been
assumed to be 107 photons/s.

2.2 Kinematics

The momentum as a function of laboratory angle for N mesons produced by photons with
energies between 0.75 and 1.55 GeV is shown in Fig. 10. The dashed curves correspond to
constant center-of-mass angles. It can be seen from this figure that the magic photon energy which
produces recoilless 1’s is between 0.9 and 0.95 GeV. This is the energy range which one might

expect to be most favorabie for the production of bound states of the 1] meson in nuclei.

2.3 Neutral Meson Analysis
The neutral mesons will be detected with the CLAS via the two-photon decay. A typical event
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is shown in Fig. 11. The energy Ey, polar angle 8y, and azimuthal angle 9y will be measured for

each photon. From this one gets the opening angle y between the two photons and the asymmetry
parameter X, defined as

|EYI‘EYZ|
X= .
Eq+Ep

The 1 mesons will be identified from the yy invariant mass

M, =2 \/E;Ey, sin (-‘23)

while the kinetic energy E; and the polar production angle 911 of the | are given by the

expressions:

2
E. .=
n M“\/(l—cosw)(l—xz)’

E,y cos 0y +E, cos 0,,

cos 0 = .
1 VEL +EL +2E Epcos g

2.4 Acceptance

Since the 2y decay mode will be used to detect the 1) mesons, the only detector components
of the CLAS involved in the measurements are the shower calorimeters. Monte Carlo calculations
were performed to determine the CLAS acceptance for these events. In the calculations discussed
here we have assumed that the shower counter coverage will be from 8° to 45° in six sectors, with
two additional calorimeter modules extending the coverage from 45° to 75° in two opposite sectors.
We will consider the advantages of additional shower counter coverage in a later section.

Shown in Fig. 12 is the N momentum versus laboratory angle for events accepted by CLAS
from a uniform distribution. The detection efficiency as a function of 1 production angle at P, =
1.0 GeV/c and as a function of 1 momentum at 611 = (°* are shown in Figs. 13 and 14,
respectively. The detection efficiency peaks at about 30% at 911 = 0" and Py, = 1.0 GeV/c, and
decreases as the production angle increases or the 1 momentum decreases until it vanishes at about
8y =70" or Pp = 0.2 GeV/e.



The detection efficiency as a function of photon beam energy for photoproduction on a free
proton is shown in Fig. 15. The efficiency increases from about 4% at threshold (k = 0.709 GeV)
to almost 10% atk = 1.5 GeV.

2.5 Momentum Resolution

We have investigated the 1 momentum resolution expected in this experiment. This was done
with Monte Carlo calculations which take into account the expected energy and angular resolutions
of the calorimeters. The momentum resolution for 1-GeV 1 mesons is found to be approximately
6% (op/P). A cut on the asymmetry parameter X < 0.3 improves the resolution to about 4% at the

expense of 47% of the events.

2.6 Particle Identification

Monte Carlo calculations were also performed to investigate the particle identification which
can be achieved with the CLAS. A simulated mass spectrum calculated for two coincident photons
from photoproduction on a free proton at an incident energy of 1.2 GeV is shown in Fig. 16. The
n0 and 1 peaks are clearly discernible above the background which is shown as the dashed
histogram in the figure. The main contribution to the background is from the detection of two
coincident photons from different #¥ produced in the YN — 00N reaction. Other contributions
to the background are from the detection of two coincident photons from different n0s from the
370 decay of the 11 (=32%), and from coincidences between the y and one of the photons from the
70 produced in the @ — 10y decay (=9%). The @ decay produces the background at large mass.
The background has been suppressed in the mass spectrum displayed in Fig. 16 by excluding
events in which more than two photons were detected in coincidence. The different processes
contributing to the mass spectrum were weighted according to the cross sections [1] and branching
ratios [32].

Two simulated mass distributions with different cuts to suppress the background are
compared at incident photon energies of 0.8, 1.0, 1.2, and 1.4 GeV in Figs. 17, 18, 19, and 20,
respectively. The upper panel of each figure shows a mass spectrum generated with a simple static
cut on the opening angle between the two detected photons. The distribution in the lower panel of
each figure was produced with the additional condition that only two photons are accepted. It can
be seen from the figures that the two cuts together are quite effective at reducing the background at



all four energies. However, discriminating against events with more than two photons in
coincidence may bias the data by excluding processes such as YN — nON. We will be able to
check this by analyzing both distributions. Also, it should be pointed out that a dynamical opening
angle cut can be applied to the data in the off-line analysis which should help to further suppress
the background. The contributions to the background at large mass are not present in the spectra at

incident photon energies of 0.8 and 1.0 GeV since the w threshold is at 1.11 GeV.

2.5 Count Rate and Beam Time Estimates
The 1 mesons produced with monochromatic photons of energy k will be detected at a rate

given by:

R(K) =" ofk)- NfK- (09 - k) BR

where N is Avogadro’s number (6.022 x 1023), A is the mass number of the nucleus, o(k) is the
N photoproduction cross section, Ny is the number of incident photons per second, {pt) is the
target thickness, £(k) is the detection efficiency, and BR is the branching ratio for the 2y decay of
the 1 (0.39).

In estimating the count rates, we have assumed a total tagged photon flux of 107 photons/s
with an energy distribution which decreases as 1/k. Using energy bins of approximately 100 MeV
results in seven energy bins going from 0.8 to 1.5 GeV for the 1.6-GeV incident electron energy.
With these assumptions we arrive at about 1.9 x 106 photons/s in the 0.8-0.9-GeV bin and 1.1 x
106 photons/s in the 1.4-1.5-GeV bin.

The elementary 1 photoproduction cross section decreases from approximately 15 pb at 0.8
GeVito 1.2 pb at 1.5 GeV [1], and we have assumed that the total cross section scales as A®-8. The
results of our simulations shown in Fig. 15 indicate that the detection efficiency increases from
about 4% at 0.8 GeV 10 9% at 1.5 GeV. Also, we have assumed a target thickness of 1 gm/cm? for
each of the targets.

Listed in Table 1 are the rates for the 0.8-0.9-GeV and 1.4-1.5-GeV energy bins for each of
the targets calculated with the above assumptions. The counting rates decrease by a factor of about
10 as the photon energy is increased from 0.8 GeV to 1.5 GeV. At the calculated rates for the
deuterium target, we would detect more than 4.1 x 1051’s at 0.8-0.9 GeV and 4.3 x 104 1’s at
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1.4-1.5 GeV in the 500 hours previously approved for running on this target [30]. In the 150
hours previously approved for each of the 3He, 4He, and 12C targets [31], we will obtain a
maximum of 120,000 (y,n) counts at 0.8-0.9 GeV on 3He and a minimum of 9200 at 1.4-1.5 GeV
on 12C. We request an additional 150 hours on each of the 58Ni and 208Pb targets in which we will
acquire approximately 65,000 (y,n) events in the low-energy bin on 58Ni and about 5200 counts in
the high-energy bin on 208pb,

2.6 Triggering

Since the 1 mesons will be detected via the 2y decay mode, a neutral trigger will be needed
for this experiment. The minimum opening angle between the two photons from the decay of i}
mesons in this experiment is 45°. Therefore, the two photons from an 1} decay will never hit the
same calorimeter module, and neutral hits in two different modules can be used as the trigger in
this experiment. It is worth pointing out here that this trigger will serve to suppress much of the
background from n¥ events since the decay photons from these neutral mesons have much smaller
opening angles.

The two other experiments {30,31] with which this one might run concurrently both request a
single charged particle trigger. We estimate that the inclusion of this neutral trigger will increase the
trigger rate by less than 10% and should have little effect on the other experiments.

2.7 Potential Future Development: Extended Shower Counter Coverage

We have investigated the effect that extended shower counter coverage would have on these
measurements. The results are illustrated in Fig. 21 where the detection and background-
suppression efficiencies, calculated for a photon beam energy of 1.2 GeV, are displayed as a
function of the number of sectors extended from 45° to 75°. The detection efficiency (solid curve)
increases from about 4% to 20% as the number of sectors extended to 75° increases from 0 to 6,

while the background-suppression efficiency (dashed curve) increases from 47% to 73%.

3. Intranuclear Monte Carlo Calculations

We have performed intranuclear Monte Carlo calculations to predict the sensitivity of the

differential cross sections to the NN interactions. In these calculations, the 1 is created in a
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quasifree production process, and the subsequent interaction of the 1 with the nuclear system is
treated by a Monte Carlo calculation which follows the 1 through the nucleus. The momentum
distribution of the bound nucleons is described by a density-dependent Fermi gas with a density
distribution taken from electron scattering. The total 1 photoproduction cross section is taken from
a parametrization of experimental data, and is assumed to be the same for production on the proton
and neutron. The total scattering (MN — MN) cross section is assumed to be 15 mb. The total
absorption cross section is taken from a calculation by Bennhold and Tanabe [13).

The main features of the results of these calculations for inclusive 1 photoproduction are
illustrated in Fig. 22 which shows 1 momentum distributions produced on 208Pb by 1.2-GeV
photons at 30 to 40° in the laboratory under various physical effects. Without final-state
interactions the momentum distribution (dotted histogram) is dominated by the quasifree peak.
Scattering of the outgoing 1 mesons (dot-dashed histogram) reduces the height of the quasielastic
peak considerably and increases the yield at lower momentum, Turning on the 1 absorption (solid
histogram) further reduces the quasifree peak and damps the scattering yield at low momentum.

The A dependence of the total cross section for inclusive 1| photoproduction at an incident
photon energy of 1.2 GeV predicted by this model is shown in Fig. 23. The cross section scales as
AO38, This scaling was found to be essentially independent of the incident photon energy over the
range of interest in this experiment. The A dependence predicted by these calculations has a greater
slope than the results of Carrasco’s calculations at k = 0.8 GeV where the cross section was found
to scale as AC.6[18]. The results reported by Carrasco are somewhat surprising when compared to
the 10 photoproduction measurements [19] where it was found that the cross section scales as
A066 which indicates surface production. This comparison suggests that the absorption is stronger
for  mesons than for pions. However, earlier measurements of the NN cross section with pion
beams [20-24] indicate that it may be as much as a factor of two smaller than the TN cross section
(see Fig. 6). Therefore, it appears that the 1 absorption may be overestimated in Carrasco’s model.

Shown in Fig. 24 is the momentum distribution expected after 150 hours of running time on
12C atk = 1.4 GeV and 8y = 20-30°. The solid histogram shows the events generated with an
intranuclear Monte Carlo calculation and the dashed histogram represents the events accepted and
reconstructed by the CLAS.

The expected sensitivity of the proposed measurements to the TN cross section is illustrated

in Fig. 25. Shown in this figure is the A dependence of the ratio of the nuclear cross section per
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nucleon to the deuteron cross section per nucleon calculated at k = 1.2 GeV and 0° < By < 40°.
Analyzing the data in this way will remove any dependence on the elementary production
amplitudes. Also, many of the systematic errors associated with the cross section measurements
will cancel. For the points shown in the figure, we have assumed that the remaining systematic
uncertainty is + 3% and the statistical uncertainties have been calculated from the count rate
estimates. In the calculations shown in this figure, we have assumed that the scattering cross
section Ogc, and the absorption Cross section Gy, are constant and that Opp,e/Cg.,, = 2. Calculations
were then performed for different values of Oy = Ogpg + Oscqy. The data points were calculated
with OpN = 45 mb and the solid, dashed, and dot-dashed curves show the results for OnN = 0,42,
and 48 mb, respectively. It can be seen from the figure that we should be able to determine OyN to
about £ 3 mb.

4. Relation to Other Experiments

4.1 Experiments at CEBAF

This proposal can be thought of as an extension of two other experiments planned at CEBAF
to study the photoproduction [4] and electroproduction [S] of | mesons from the proton. Indeed,
the results of these experiments will be important in the analysis of our data. As pointed out earlier,
a comparison of our results with those obtained on the proton will allow us to extract information
on the NN interaction and nuclear-medium modifications of the N* resonances.

We have indicated several times in the discussion of the experimental technique that the
measurements proposed here are compatible with the kaon photoproduction experiments on
dentzrium [30] and 3He, 4He, and 12C {31]. The only componént of the experimental design
which will be affected by this experiment is the trigger, as discussed above,

4.2 Experiment at MAMI
The quasifree photoproduction of 1 mesons from 2H, 12C, 40Ca, 93Zr, and MatPb has
recently been measured at MAMI over the photon energy range from 600 to 790 MeV [29). The

experiment proposed here will complement these measurements at MAMI and extend them to much
higher energies.
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3. Theoretical Support

A couple of theorists have already expressed interest in this experiment, Prof. C. Bennhold at
George Washington University has done extensive work on the photoproduction of 1} mesons off
nucleons and the coherent and incoherent production on nuclei and is interested in extending this
work to the inclusive process.

Prof. J. B. Seaborn at the University of Richmond, with a background in pion
photoproduction, has already assisted in the development of this proposal and will continue to
work closely with the experimental group. He is currently on sabbatical leave at Mainz and has

begun work on 1] photoproduction.

6. Future Directions

A natural extension of this proposal would be to perform similar measurements for the 1’
mesons 10 extract information on the ’"-nucleon interaction. In the chiral limit of QCD, the 1 and
N’ mesons are predicted to have very different properties. One might therefore expect the behavior
of these two mesons to be distinct. It has been suggested {33] that a comparison of the interactions
of the NN and N'N systems may provide a test of QCD and our understanding of these mesons.
We have not investigated the feasibility of this experiment in detail, but will begin soon to do so.
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Table 1. Count rate estimates.

Target R (0.8-0.9 GeV) R (1.4-1.5 GeV)
[s-1] [s-1]
24 0.23 0.024
3He 0.22 0.022
4He 0.20 0.021
12c 0.16 0.017
38Ni 0.12 0.012
208p 0.092 0.0096
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Fig. 1. Inclusive 1 photoproduction cross section per nucleon on 160 and 208Pb as a function of
incident photon energy. The dot-dashed curves are the impulse approximation results, The dashed
curves are the results of calculations which include Fermi sea effects and nuclear-medium
modifications of the §,; width. The solid curves are the results of the complete calculations which

also include final-state interactions. Figure reproduced from Ref, [18].
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Fig. 2. Dependence of the total cross section for inclusive T photoproduction at k = 800 MeV on
the nuclear mass number A. Figure taken from Ref. [18].
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Fig. 3. Differential cross sections for the photoproduction of 1 mesons in 160 and 208Pb at a

photon energy k = 800 MeV and a laboratory angle 0 = 25°. The solid and dashed curves are the
results of calculations with and without final-state interactions, respectively. Figure reproduced
form Ref, [18].
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Fig. 4. Inclusive (n*,n) energy spectrum on 12C at a beam momentum of 680 MeV/c taken from
Ref. [20]. The solid curve is a preliminary attempt to reproduce the spectrum.
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Fig. 5. Target mass dependence of inclusive (x*,n) cross sections taken from Ref, [20]. The

dashed curves are the results of Glauber calculations [25) using various TN total cross sections.

We have added the solid curve to the figure to represent the cross section without final-state or

initial-state interactions.
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Fig. 6. Eta-nucleon total cross sections as a function of the pion beam momentum taken from Ref.
[20]. The solid curve is the prediction of the additive quark model [26] for the TN total cross
sections. The TN total cross section is shown as the dashed curve for comparison. The ul

momentumn range of the proposed experiment is indicated above the figure.
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Fig. 7. Differential cross sections for the inclusive A(p,n) reaction at a proton energy of 1 GeV as
a function of target mass number A, taken from Ref, [27]. The solid and dashed curves are

predictions of the folding mode! [28] with and without 1] absorption, respectively.
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Fig. 8. The total cross section Oy (solid curve) as a function of the kinetic energy of the 1} meson
in the nucleon rest frame. The dashed curve is the result of a coupled-channel analysis of Bhalerao

and Liu [15). The figure is taken from Ref. [28].
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Fig. 9. Invariant mass spectra for photoproduction on 'H, 2H, 40Ca, and P2Pb targets with
incident photons in the energy range 600-790 MeV taken from Ref. [29).
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Eta Photoproduction Kinematics
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Fig. 10. Eta photoproduction kinematics for incident photon energies between 0.75 and 1.55
GeV.
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Fig. 11. A typical | photoproduction event in the CLAS. Track 1 is a proton, and tracks 2 and 3
are photons from the 2y decay of the 1 meson. The incident photon energy is 1.2 GeV.
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Fig. 12. Eta momentum versus laboratory angle for events accepted by CLAS from a uniform
distribution in a Monte Carlo simulation assuming calorimeter coverage from 8° to 45" in six

sectors with two additional 30° modules extending the coverage to 75° in two opposite sectors.
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Fig. 13. Detection efficiency as a function of 1} laboratory angle at Py = 1.0 GeV/c assuming
calorimeter coverage from 8° to 45" in six sectors with two additional 30" modules extending the

coverage to 75° in two opposite sectors.
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Fig. 14. Detection efficiency as a function of 1 momentum at 8y = 0° assuming calorimeter
coverage from 8° to 45" in six sectors with two additional 30" modules extending the coverage to

75° in two opposite sectors.
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Fig. 15. Detection efficiency as a function of incident photon energy for production on the free
proton assuming calorimeter coverage from 8° to 45" in six sectors with two additional 30°

modules extending the coverage to 75 in two opposite sectors.
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Mass Distribution for y-+ Evenis at k=12 GeV
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Fig. 16. Simulated mass spectrum for y-y events from photoproduction at k = 1.2 GeV. Most of
the background (dashed histogram) is from the detection of two coincident photons from different
n0s produced in the YN — 7OnON reaction and the 3n0 decay of the 1 meson. The background at
large mass is from coincidences between the ¥ and one of the photons produced in the @ — 10y
decay. The background has been suppressed by discriminating against events with more than two

photons detected in coincidence.
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Mass Distributions for y—v Events at k=0.8 GeV
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Fig. 17. Simulated mass distributions for ¥-y events from photoproduction at k = 0.8 GeV. The
upper distribution was generated with a simple cut on the opening angle to suppress the
background. The lower distribution was produced with the additional condition that only two
photons are detected.
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Fig. 18. Same as Fig. 17 except atk = 1.0 GeV.

34



10000 |

8000

6000

4000

Events/Channel

8000

6000 |

4000

2000

2000

10000 |

Mass Distributions for 7—7 Events at k=1.2 GeV

I T T T T I AJ Y T T I

— Opening angle cut

l I i } 1 I i 1 4 i I

e
L. Opening angle cut

Only two photons accepted

Mass (GeV)

Fig. 19. Same as Fig. 17 except at k = 1.2 GeV.
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Fig. 20. Same as Fig. 17 except at k = 1.4 GeV.
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Fig. 21. Detection and background-suppression efficiencies as a function of the number of CLAS

sectors with calorimeter coverage extended from 45° to 75°. The efficiencies were determined from

Monte Carlo calculations for photoproduction on the free proton atk = 1.2 GeV.
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Fig. 22. Momentum distributions for 1 photoproduction on 208Pb at k = 1.2 GeV and 8y, = 30-
40" simulated with intranuclear Monte Carlo calculations. The dotted histogram represents
quasifree production with no final-state interactions. The dashed histogram shows the effect of N
scattering in the nucleus. The solid histogram is the expected distribution taking into account

scattering and absorption.
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Inclusive A{y.n) at k=1.2 GeV
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Fig. 23. The A dependence of the total | photoproduction cross sections calculated with an
intranuclear Monte Carlo code atk = 1.2 GeV., The cross section scales as A0-8,

39



Legl® (# of events)

Eta Photoproduction off Corbon ot K=1.4 CeV

21-HAR-
4.8 Sun af 1,008 Hist ' l ‘ i ) ' ' ] ' ) et
L Evenis 22000 aas T Thetateta) = 28 - 30 degrees
Under{low 8.208
I Overtlow 2.e00
Veightc 1) 2,000
3.0F i
MC generated events
2.0 .
1.8 .
[ R : Lol evenls detected in CLAS
2.9 L UMD N N . ; ] L . . 1 \ L —

9.0 8.4 2.8 1.2 1.
Eta momentum [CeV/c)

Fig. 24. Simulated momentum distributions expected after 150 hours of running time on 12C atk
= 1.4 GeV and Bn =20-30". The solid histogram shows the events generated with an intranuclear
Monte Carlo calculation. The dashed histogram represents the events accepted and reconstructed by
the CLAS.
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Fig. 25. The A dependence of the ratio of the nuclear cross section per nucleon to the deuteron
cross section per nucleon calculated with an intranuclear Monte Carlo cascade code for inclusive yl
photoproduction at k = 1.2 GeV and 0° < 6, < 40°. The solid, dashed, and dot-dashed curves

show the results obtained with total NN cross sections of 0, 42, and 48 mb, respectively.
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