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The Cascade Exc1ton Model (CEM) ofnuclear reactlons has been extended :
"to descrlbe photonuclear desmtegrauon at. 1ntermed1ate energles Usmg the
CEM and the ORNL version of the Intranuclear Cascade Model for: 1nc1dent ,
i‘energles hlgher than the glant d1pole resonance (GDR) regron and a groupf
,theory formahsm based on the Interactlng Boson Model in the GDR region, we:
_have analyzed a variety of data for reacnons mduced by photons with energies .
lup to ~1.2.GeV and target -nuclei from 12¢ to 2"'3Am ‘The contributions of
dlfferent photon absorptlon mechanlsms and the relatlve role of dlfferent
“Partlcle productron mechanrsms in these reactlons are d1scussed Sl
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1. Int'rodu‘ction” T e e

Photonucléar reactions at intermediate energies is ah* useful tool for |nvest|gatlon such
interesting’ problems as:” short- -range correlations and meson exchange currents'in finite
nuclei[l]; excitation of P33(1232) D15(1520), Fy5(1680), and ‘othet bation resonances|2];
study of the behaviour of pions’in the dense portion of nuclear:medium? “since niiclear
matter is very transparent to photons, pion photoproduction would ‘occur,in*principle, with
equal probability in the whole nuclear volume; with the niicleons acting as pion radiators[3).

The advent of such high-duty tagged photon beam facilities as those at Mainz, Lund,
Frascati, Yerevan, Bonn, and Sacley has increased the interest in photonuclear rcactions
and mary interesting results have been" recently obtained in thisfield:  Nevertheless; an
unambiguous. rnterpretatlon of the” observed phenomena -has not “been found ‘yet[4]. So,
there is not a' common pornt of view in literature on the questron about the-relative role of
different photon absorption mechamsms[4] Forinstance, in Ref.[5] the A-excitation plays
a domlnant roIe around E,; ‘= 300 MeV, while'in Ref.[6] the authors conclude that the A
is not necessary in order to explain ‘the general future. Although all expenmental analyses
around ‘and ‘below pion production threshold ‘show 'the dominance of np pairs to pp pairs
coming fiom 4- -absorption, there is still no agreement over the amount of the'ratio 6f 'np
to pp pa|rs[4] while in Refs.[1, 7] the ratio N(pp)/N(np) grows asa function-of energy in
the range E, = 100 —400 MeV the work of Ref [8] finds thrs ratio practically constant
and about 1/10

The law of ‘energy and, momentum conservation forbids the absorption of a photon by
a free nucleon. In prlnClpIe a photon may be absorbed by an off-mass-shell, intranuclear
nucleon. Recent high resolution measurements of (7,p) reactions (see e.g.,[9] and refer-
ences therein) shown evidence of the direct knockout of protons via.yp — p processes; and
some theoretical attempts have been done to calculate the whole proton spectra from these
reactions taklng into -account only the‘one-nucleon knockout picture (see, e.g.,/[10, 11}).

On the other hand, ‘'some measurements on’light nuclei indicate clear’ evidence for
importance of photon absorptlon on three—body[12] and four-body[13] clusters, and several
theoretlcal mvestrgatlons of interaction of photons with cliisters heavier than NN- pairs
have been also performed (see[14] and references in Ref. [13]). However, the questions
about the percentage of different photodlsmtegratron mechanisms and how does the relative
contribution of IN, 2N, 3N 4N, etc. absorptron depend on photon energy and nucleus target
are still open, especially for medium and heavy nuclei.

Last, we would like to remind that photonuclear reactlons was 3 permanent subject of
discussion at practrcally all eleven previous Dubna lnternatronal Seminars on "High Energy
Physrcs Problems mainly in connectron with the interesting problem of mechanlsms of
cumulative partlcle photoproduction.

The aim of our work is to analyze rntermedlate energy photonuclear reactions using
the CEM[15] and the Oak Ridge National Laboratory version of the Intranuclear Cascade
Model (ORNL ICM)[16] for incident energies higher than the GDR region, and a group the-
ory formalism[17] based on the Interacting Boson Model (IBM)[18, 19] in the GDR region,
in the hope to learn more about photodisintegration mechanisms.

2. Basic Assumptions of the CEM

A detailed description of the CEM may be found in Ref.[15], therefore, only its basic
assumptions will be outlined here. The CEM assumes that the reactions occur in three
stages. The first stage is the intranuclear cascade {IC) in which primary particles can be
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rescattered several times prior to absorption by, or escape from the nucleus. The excited
residual nucleus remainfng after the emission of the cascade particles determines the particle-
hole configuration that is the starting point for the second, preequilibrium (PREQ) stage
of the reaction. The subsequent relaxation of the nuclear excitation is treated in terms of
the exciton model of preequilibrium decay which includes the description of the equilibrium
evaporative (EQ) third stage of the reaction. We include the emission of n, p, d. t, *He
and *He at both the preequilibrium and the evaporative stages of reaction.

In a general case, the three components may contribute to any experimentally measured
quantity. In particular, for the inclusive particle spectrum to be discussed later, we have

o(p)dp = G N=*(p) + N¥"%(p) + Nes(p)}dp.

The inelastic cross section oy, is not taken from the experimental data or independent
optical model calculations, but it is calculated within the cascade model itself.

The cascade stage of the interaction is described by the Dubna version of the intranu-
clear cascade model[20]. ‘All the cascade calculations are carried out in a three-dimensional
geometry. The nuclear matter density is described by a Fermi distribution with the two
parameters taken from the analysis of electron-nucleus scattering data. The energy spec-
trum of nuclear nucleons is estimated in the perfect Fermi gas approximation with the

local Fermi energy. -For characteristics of the hadron-nucleon. interactions we employ the

approximations given in Ref.[20].

The. CEM was proposed initially to describe nucleon-induced reactions at bombarding
energies below or at ~ 100 MeV and developed after that for a larger interval of incident
nucleon and pion bombarding energies (see, e.g., Ref.[21] and references given therein) and
for the description of stopped negative pion absorption by nuclei[22]. Recently the CEM
was developed[23] by including the competition between particle emission and fission at
the evaporative stages of reactions and a more realistic nuclear level density (with Z, N,

and.E* dependences of level density parameter). Without any free parameters the CEM is -

atle to ljep'ro'duc"e correctly shapes and absolute values of a large variety of nucleon- and
pion-induced reactions data. The recent International Code and Model Intercomparison
Jor Intermediate Energy Reactions[24] showed that the CEM adequately describes nuclear
.reactions at intermediate energies and has one of the best predictive powers as compared
to other available modern models. But, by now, the CEM was not applied to analyze

photonuclear reactions. . ‘ _ .
.. Here we extend the CEM for description of photonuclear reactions using for the initial
interaction of a photon with a nucleus the Cascade Model for Photonuclear Reaction[25] in
a manner realized in Ref.[26]. We restrict ourselves to incident photon energies higher than
the 4GDR‘region','and following[25] take into account processes of pion photoproduction and

a'bs,érptipn'pf photons on quasideuterons pairs inside the target. The relative probabilities

of these processes and the mean free path of a photon’ within a nucleus are determined -

by the corresponding cross sections. One assumes that the cross sections of interaction
of photons with intranuclear nucleons are equal to the corresponding experimental cross
sections of elementary free YN interactions (for details, see[20, 25]).  One determines from

the experimental data also the relative probabilities of the modes

T+p —optrtio (1)

: — n+zxt (2)
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Cross sections for yn interactions are obtained by the assumption of charge symmetry. Pro-
duction of three and more pions are not taken into account, that restricts the applicability
of the model to photon energies of the order or less than 1.2 GeV (for details, see[20, 25]).

The cross section for the absorption of a photon by a quasideuteron pair within a nuclens
is determined using the well known Levinger's formula[27]

Z(A-Z
o =1l : A :

where A and Z are mass and charge numbers of the target, a.,4 is the photodeuteron cross
section, and L is the quasideuteron constant. Following[25], we use in the CEM a constant

Tod ) / (6)

" value for the Levinger’s constant, namely, L = 10.

Thus, in the approach|25] used here, the interaction of a photon with intranuclear nucfle— .
ons results in production of two or three fast cascade particles inside the target. Depending
on their direction and the point where photon have interacted, these cascade nucleons/pions
may escape from the nucleus either without further interactions or undergoing one or sev- -
eral collisions with intranuclear nucleons. This stage is similar to ordinary nuclear reaction
when an intermediate energy nucleon/pion incident on nucleus initiate intranuclear cascade
in it. Therefore we describe the further behaviour of the reaction in the framework of the
CEM, using the same fixed parameters as in Ref.[15]. ‘

3. Comparison between the CEM and ORNL ICM

We use here for analysis of photonuclear reactions at energies higher th'an the GI?R
region also the ORNL ICM described in details in Ref.[16], therefore only a brief discussion
of this model is presented bélow. The ORNL ICM uses the Monte Carlo methods a'nd
assumes that the reactions occur in two stages: (1) the intranuclear cascade treated with
the model of Bertini[28], and (2) the equilibrium evaporative stage described by Dresner’s

* model[29]. The ORNL ICM. takes into account pion photoproduction on nuclear nucleons

and absorption of photons on quasideuteron pairs (6). But as distinct from the CEM,. in»
the ORNL ICM only single-pion production, i.e., processes (1,2} and the‘correspo.ndmg
ones for yn interactions are considered. This restricts the range of photon energies to
a maximum. value of the order of or less 400 MeV. Sometimes, in the ORNL ICM, the
Levinger's constant L is considered as a free parameter and its value is chosen from the
best agreement with the analyzed experimental data. L .
Table 1 summarizes a brief comparison between the main features of the CEM and ORNL
JCM. One can see that the CEM and ORNL ICM have many common features, but differ

in treatment of some essential details of reactions. Therefore, one' may expect significant

difference for predictions of photodisintegration characteristics calcufated with these models.
It is interesting to compare the resu(t$ of the CEM with those of the ORNL'ICM. As an
example, Fig. 1 shows a comparison of calculated with the CEM and ORNL ICM .total
photoabsorption cross section for copper with the available, experimental dat_a[2. 3.0, 31].
As one:can see, the predictions of both our models agree with Veach‘other and with the
recent measurements|[2, 30]. Some disagreement in the photon  energy range 400 MeY
< E; < 600 MeV with the old data of Ref.[31] may be observed, but t.he authors of this
measurement have pointed out themselves that their results disagree with other available
data at these photon energies and further measurements-are required. The ORNL ICM
underestimates the data at E, > 400 MeV due to not taking into account processes of
production of two .and more pions.  The CEM also underestimates'at a level of ~30°_A;
the total photoabsorption cross sections at,‘photon energies E, =~ 400 — 600 MeV. This



. .
fact may be related with an insufficient accuracy of the description of two-pioh ‘production
processes (3-5) in the CEM..

Table 1. Comparison between the main assumptions of the CEM and:ORNL lCM

CEM ORNL ICM
Method i IC + PREQ + EQ 1IC + EQ
IC stage Dubna ICM[20] Bertini's ICM]28]
Nuclear p(r) = pof{ezpl(r—c)/Z,] + 1} | - the same

* density c=107TAY? fm, Z;:=0.545fm | . . - the same

distribution pa(r)/pp(r) = NIZ - - |- the same, .

. e p(r) = aip(0);1=1,...,T p(r) = cip(0)i=1,...,3.
ay.= 0.95, a3 = 0.8, a3 = 0.5, a;=0.9, a; = 0.2,
ay = 0.2, a5 = 0.1, ag = 0.05, . az = 0.01.
- . Cap =0.01 _ . e
Pion .- : Ve =25 MeV' . . Ve=Vn.
‘potential - [ : : RS
Mean binding . By ~T7MeV . . © . _.the same
nucleon energy cL Y . .
~A: photo- Oqa = L(NZJA)0.q the same
absorption (QDM) L=10-. .. > 71<L<125
40 MeV < E, < 12GeV |40 MeV < E, < 400 MeV
“qA:rpion. . | . .:processes (1,2) - . . the same. .
production -+~ ©- . .processes (3-5) . . . .. are absent . .
Condition for passing | - P =| (Wioa. — Wesp. )/ Wezp. .|i cutoff energy ~ 7 MeV.
from the:IC stage ~{ - . P =0.3, see[15]..- S
~ PREQ stage -~ | = ~under[15] .- ] - is absent ;
EQ stage - n, p, d, t, *He, *He emission. - n, p. d, t,-3He, *He
R 2 : +'fission [23] - ., .- . emission[29]
* Level density - sa=a(Z, N, E*){23] . a = const XA
" Fission - - ¢ - under[23] - . . is absent -

o e —f“ — —ﬁ Fig. 1. Total pliotonuclear absorption cross
30.6 Eo y + Cu . section per nucleon plotted as a function of
g F ’ ‘ i plioton energy for 54Cu. The full 4nd dashed
~ 0.4 = 1 lines'show the results obtained with the CEM -
i - and ORNL ICM, respectively. Experimental :

< -t points are from: [30] (o), [31] (O), and [2] (e, -
S O-ZE‘ obtained from an averaging of the data for -
; 3 ORNL nm’ : CEM( 3 Li, G, AL Cu, Sn, and Pb)
8 0: 02 o0 ‘E.’ ,o(g‘,e\(;)a. ‘1 O 1‘ 2. In the upper part of Fig. 2 are dlsplayed the

mean multiplicities of n, p, 7™, and 7+~

photoproduction on copper calculated with the CEM and ORNL ICM as equal to total
photoabsorption cross éections divided by the corresponding particle production yields. . One
can see that although our models differ in several i lmportam features, they predlct quit closed.
results for nucleon and pion multiplicities.

To illustrate the relative role of different proton productlon mechanisms, as an exam-
ple, the cascade, preequilibrium, and the evaporative components of proton multiplicity
predicted by the CEM are shown separately in the lower part of Fig. 2.

&

e =

Fig. 2. Mean. multiplicities of n, p, 77,

Mean multiplisities

and =t photoproduction on 84Cu (upper
graph) predicted by the CEM (full lines)
and ORNL ICM (dashed lines). On the
lower graph, the full line show the to-
tal mean multiplicity of protons calculated
with the CEM, and the dashed lines 2, 3,
and 4 show the contribution of the cas-
cade, preequilibrium, and the evaporative
components, respectively.

i, 2 — cascade 1
w4 3 - preequilibrium ]
4 4 - ethhnum

One can see that in the whole photon en-
ergy range regarded here the main contri-
bution to proton multiplicity comes from
emission at the cascade stage of reac-

librium-and evaporative components are

10 8.0/ LO.IZ 0.4 0.6- 0.8 1.0 1.2 of the same order of magnitude, about

E, (GeV)

twice lower than the cascade component,
and the relative contribution of proton

emission at the compound stage of reaction decreases slowiy with increasing photon energy

in the regio

n E, > 500 MeV.

4. EXempléry Results and Discussion

4.1. Energy Region Above the GDR. We analyzed usmg the CEM and ORNL
iCM a variety of data for reactions induced by bremsstrahlung and ‘tagged photons. For the
sake of brevity we present here only some exemplary resuits. As an example in Fig. 3
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energy of 82 MeV, are shown in Fig. 4.
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Fig. 3. Photoproton angular distribution for 400-

. MeV bremsstrahlung on-Al. The histograms are
" calculated with the ORNL ICM[16); experimental

data are from Ref{32].

a comparison is made between the prediction
of the ORNL ICM and experimental data[32]
consisting of photoproton angular distribution

. for 400-MeV bremsstrahlung . |nc1dent on Al

These spectra have been calculated using for the
Levinger's constant the value L = 7.1{16). Sim-
ilar results have been obtained for other targets,
photon incident energies, and charged pion spec-
tra. ’

The individua! contributors to the total pro-
ton angular distribution, i.e., those protons pro-
duced when the initial photon is absorbed by a
quasideuteron and those protons produced when
the initial photon produces a pion, at a proton
It is quite apparent that the shape of the spectra

could not be predicted without an-excellent balance between the initia! interactions|16].

tion. For this, 64Cu target, the preequi- ..



We have calgulated using our models also total cross sections for production of different
residual nuclei resulting from bremsstrahlung and monoenergetic photons on several nuclei,
and obtained an overall satisfactorily agreement between the calculated and expenmental
values (see e.g., Ref.[16]). :

10 ~1L- Ref.[23] we analyzed a variety of data on nuclear
S0 60 120 180 fissilities and photofission cross sections at pho-
) (deg) ton energies 40 MeV < £, < 1.2 GeV. We have
. found out that for every target it is possible to
. select a model for f55|on barrler By, level density parameter a(Z, N, £*); shell and pairing
_ corrections, and to fit the value of the ratio a,/a,, for obtaining a good description of the
energy dependence of nuclear fissility P;.  But it is impossible to describe well experimental
Py simultaneously for all nuclides with a fixed set of these options. The theoretical P; is
most sensitive to the value of a;/a, used in calculation, and for different targets we have
to use different values for this ratio to describe well the data. This problem is well known in
literature and several systematics for the dependence of-the value ay/a, on nuclei targets
have been proposed (see, e.g., Refs.[35, 36]).
: The'CEM is able to describe satisfactorily also ‘the absolute value of photofission cross

§ 27A1(l71p)x Fig. 4. Quasideuteron and pion-production con-
O » = N

= 10 max_ E tributions to the total photoproduction angular
-] ) Tp= ] distribution at 82 MeV proton’ energy for 400-
e 1 MeV bremsstrahlung on-Al[16]. -

> ] . : -

2 1t b et e Using- the well known Weisskopf statistical
= F Pion)‘ - ‘-,j_r_' J. theory of particle emission from excited com-
2 [ Production . " ] pound nuclei and the Bohr and Wheeler theory
o | . Quasi-Deuteron” | - of fission realized in the CEM as described in
o Absorphon ' .
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« - sections, but the agreement with the experimental data is not so good as for fissilities, due

" to an underestimation of the experimental total photoabsorption cross sections at photon
energies E., =~ 400 — 600 MeV (see, e.g., Fig. 1). As an example, the incident photon
energy dependence of the calculated fission cross section for 238 is compared in Fig. 5
with the recent data[37]: For comparison, calculated total photoabsorption cross section is
shown in figure by a Iong‘dashed line, too. One can see that by choosmg the correspondlng

Fig.‘ 5. The photoﬁssmn cross section
for 28U. The expenmental points are from
Ref:[37]. Calculations were performed with
ajfan = 1.05, fission barriérs. By from
Ref.[38], shell and pairing corrections from
Ref.[39], third systematics for a(Z, N, E*)
from Ref[36], for the dependence of By on ex-
citation energy -E” proposed in Ref.[40] (full
line), as well as without-a dependence of By
on E* (short-dashed line); The long-dashed
line sliows the total photoabsorption cross
section predrcted by the CEM o
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value for the ratio a,/a,, the CEM reproduces with an accuracy of ~ 30% the shape and

absolute value of the experimental fission cross section, independently of the form of the
- dependence B(E*) used in calculations.” The underestimation. of the data in the region

.=

E, ~ 400 — 600 MeV is related with a small underestimation of the total photoabsorptlon

- cross section in this region.

As it was mentioned in the |ntroduct|on mechanlsms of fast backward pamcle produc-
tion in the cumulative (i.e., kinematically forbidden for quasi-free intranuclear projectile-
nucleon collisions) region were intensively discussed at previous Dubna International Semi-
nars on High Energy Physics Problems. More than fifty rather different models have been
proposed to interpret cumulative particle production (see; e.g., [21] and references therein).
Note should be made that the majority of these models has been proposed specifically to

. interpret. cumulative particle production by means of special mechanisms.. They.consider

only: single-particle scattering processes and neglect the effects of rescattering and final
state interaction, nevertheless, they succeeded in frttmg shapes of. expenmental particle

spectra. )
It is of interest to estimate the contribution of background or conventlonal nuclear

" mechanisms in the framework of models that are not specially.proposed for the description

of cumulative particle production. Such models are our CEM and ORNL ICM. Let us show
here, as an example, one our result related with this problem. Fig. 6 shows a comparison
of predicted inclusive proton spectra by the CEM with '2C(7y,p)X data of Ref.[33], and with
‘the direct knockout model[ll] and a quasndeuteron model[34]

"-Fig. 6. Companson of predlcted inclusive- photo-
proton spectra by the CEM (histograms are the sum
of all three CEM components) with 12C(v,p)X data
of Ref.[33], and with the direct knockout[11] (solide
linés), and a quasideuteron model[34] (dashed lines).

EC(y,p)X
- .E,m=l.05 GeV

43 °(*100),
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One can see that a good agreement with exper-
imental data in both the shape and the absolute
value has been obtained for protons emitted at both
forward and backward angles Apparently, as in the
case of nucleon- and pion-induced reactions (see
¥ [21] and references therein), the ”background” nu-

154 °(*1) clear mechanisms also determine the main part of
0 100 200 300 400 fast backward particle prodiiction at intermediate

T, (MeV) energies in reactions induced by photons.
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4.2. GDR Region. We have analyzed a variety of photon absorption, elastic and
inelastic cross sections for different nuclei in the energy region of the GDR using a group
theory formalism[17] based on the interacting boson model (IBM)[18; 19]. - Low-energy
collective modes in nuclei can be described within the framework of the IBM model[18] by
means of suitable boson degrees of freedom which approximate coherent pairs of neutrons
and protons in the:valence shells, coupled to angular momenta and. parities' 0% and 2* (s
and d bosons, respectively). This algebraic approach has been proved to be a simple yet
accurate too} to deal with spectroscopic properties of medium-and heavy-mass nuclei above
all in share-transitional regions[18], where shell model calculations are not:feasible and the
simple geometric approach does not apply. In particular, even for'a few valence nucleons,
the number of states of a given angular momentum can be as high as 10 — 10'2 and
the dimensions of the relevant calculations become prohibitive for the present computing
facilities. This fact is magnified as far as the treatment of ‘giant resonance is concerned,
since excitations across major ‘shell are involved. The interacting boson model can be
easily extended to allow us the description of high-lying giant resonances by adding suitable



degrees of freedom to the sd boson space[19]. in particular, the isovector giant dipole
resonance is described by means of a p boson representing a collective particle-hole J™ = 1~
1hw excitation. Then, the full IBM Hamiltonian reads as

—H_ ':—yﬁsd + ﬁp + H‘d,p B (7)

where H,4 is the usval IBM Hamiltonian[18, 19), relevant to low-lying states, H, is pro-
portional to the unperturbed p-boson energy following the empirical giant-dipole energy
behaviour, €, ~ 73 x A~/ MeV, and H,q4, gives the coupling between the low-energy
quadrupole (vibrational, -rotational) -excitations and the dipole resonance excitation. This
last term is dominated by a quadrupole-quadrupole interactif)n[lQ, '17]. Once calculated
the GDR states by diagonalizing Hamiltonian (7), whose typical dimension is of the order
of 50-60, the electromagnetic excitation can be estimated making use of the following E1
transition operator: _

T(El) =op* +p). - (8)
with o adjustable parameter. The absorption and scattering cross sections of photons in the
GDR region can be then obtained from the usual nuclear polarizabilities, assuming'a suit-
able power-law dependence for the decay width[17} associated with each GDR component.
As an example of application of the IBM model, Fig. 7 shows a calculated photoabsorption
cross section with measured one[41]. ®Mo has 58 neutrons and 42 protons correspond-
ing to 4 neutron bosons and 4 (hole) proton bosons, respectively. The strength of the
quadrupole-quadrupole interaction between s, d and p bosons is 0.25 MeV, while the o pa-
rameter in £q.(8) is chosen to 7.9 € fm. One can see that our calculations are in quite good
agreement with experimental data. Similar results have been obtained for other targets.
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200 t+ (line) photoabsorption cross section of '®Mo.in
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5. Summary .

So, we have shown that in.the framework of our approach it is possible to describe in

the absolute value the gross feature of a large variety. of photonuclear reaction data for

" energies up to ~ 1.2 GeV, to analyze different. mechanisms of absorption and. interaction
of photons with nuclei, ‘and to estimate the relative role of different particle production
‘mechanisms in:these reactions. , . o B
Our resuits confirm the conclusion that the two-nucléon mechanism of photoabsorption

is the main one in the quasideuteron region. The Monte Carlo method used in the CEM
and ORNL ICM permits to calculate easily the contribution to every characteristics from
each photodisintegration mode.. But due to a large number of modes involved and to a
fittle structure of data, it is difficult to extract much reliable information from analysis of

B inyclusive‘ characteristics. To clarify the question about the evidence of one-, three-, four-
body, and other photodisintegration mechanisms and to estimate theirrelative role, data on

angular and energy distributions of different two,correlated particle.emission meaé;ured with

monochromatic photons in a single experiment covering a wide energy and angular range k
are very useful. To our knowledge, by now, good measurements of such correlations have
been performed only for low-mass nuclei like 3He[12] and ®Li{13]. Similar measurements

for medium and bheavy nuclei are desirable and possible at available at present: high duty
tagged photon beam facilities. T - foe .

.
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