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1. Introduction

In proton-nucleus [1] and nucleus-nucleus collisions [2] nuclear magrrbe compressed
and heated. In this way its properties can be investigated under conditiicis ave very different
from those for nuclei in their ground state, and a phase transition to mugkeocan be studied [3].
In relativistic or ultrarelativistic heavy-ion collisions [4] tremendous kinetiergy of a projec-
tile nucleus is transfered to collision partners and released in emitted partidtagever, even
at lower projectile energies of few hundreds MeV the mass, charge @sidan structure of the
target nucleus also change significantly already at the very beginniagentral or semi-central
nucleus-nucleus collision event. This means that hot nuclear systemscpbdt early stages of
such collisions are characterized by large variations of mass and exceagogy. Therefore, such
excited nuclei keep only a distant resemblance to the initial projectile or tangétus because of
many nucleons lost or exchanged by collision partners.

It would be interesting to find a way to deliver pure energy instead ofggneith some addi-
tional nucleons to the target nucleus in order to study decays of a higansystem with definite
properties. In the present work the absorption of intermediate-enerdyGeV) photons by light
and heavy nuclei is considered for this purpose. It is expected that amaischarge distributions
of excited residual nuclei created in photoabsorption are more nammwared to the correspond-
ing distributions predicted for nucleus-nucleus collisions. Moreovegirtrast to nucleus-nucleus
collisions, exited nuclear matter produced in photonuclear reactions isvidéd into projectile
and target remnants and characterized by much lower angular momentwoli@ative flow.

The first papers devoted to the disintegration of light nuclei by photon§,[8] were pub-
lished four decades ago. In a recent experiment [8] the disintegratiéfCanto four particles
by ~ 40 MeV photons was investigated. However, to the best of our know)edgprocesses of
multifragmentation of light nuclei induced byl GeV photons were detected so far. In the present
paper we simulate photonuclear reactions with the RELDIS model [9, 10, THg main atten-
tion is paid to the disintegration of 700-1500 MeV photons'#9 nuclei and comparison with
preliminary data obtained by the GRAAL collaboration for this process.

2. RELDIS model of photonuclear reactions

Itis widely accepted that inelastic interactions of fast particles with nuctebeadescribed as
a sequence of several stages with a specific model applied at eachAttéyefirst stage photons
of intermediate energy of several hundreds of MeV interact with anichail nucleons inside the
target nucleus. In the present study the RELDIS model [12] is employsidhidate photonuclear
reactions by means of the Monte Carlo method.

Simulations of intranuclear cascades involve the production and segoimd@ractions of
mesons as well as recoil nucleons. The quasideuteron absorptioatofgtand the meson produc-
tion on intranuclear nucleons are taken into account. The two-body ehgnr— 7N dominates
up toE, ~ 0.5 GeV, while at 06 < E, < 2 GeV the channelgN — 21N andyN — 37N play the
main role. At the end of the hadronic cascade, some quasiparticles remamindlear Fermi gas
as holesNl,), which are knocked-out nucleons, and partichds)( which are slow cascade nucle-
ons trapped by the nuclear potential. In the RELDIS model, the excitatiogyenéthe residual
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Figure 1: Photonuclear reaction as a multi-stage process represeradornyation of a residual
nucleus (RN) as a result of a cascade process up 1600 fm/c and a subsequent decay of this
nucleus (within~ 1000 fm/c). Depending on the excitation energy of RN evaporation of onsle
(left) or an explosive decay (right) takes place.

nucleus is defined as

Np Nh
E* = Zleip+ leih, (2.1)
i= i=
where the quasiparticle energies for parti(&@and holes,Eih are measured with respect to the Fermi
energy. The numbers of nucleons and protons of the residual nwriegsven by the relations

ARN - _. qlcv (22)

Zpn=2-Y €, (2.3)
i=
whereA andZ are the numbers of nucleons and protons, respectively, in the targetispanay®
ande’ are the baryon number and charge carried away by the cascade particle

3. Photoexcitation of light and heavy nuclei

As demonstrated [3], an explosive decay of an excited nucleus into ¢gnre®re nuclear
fragments is observed whéit is comparable to the total binding energy of such a nucleus. This
phenomenon of multifragmentation reveals itselEaf Agy above 3 MeV per nucleon. RELDIS
results for average* andE*/Agy are plotted in Fig. 2 for photons, protons, antiprotons e
of different energies interacting witfC and®’Au nuclei. As seen, the absorption of photons by
heavy nuclei leads to relatively loyE* /Ary). This explains the dominance of evaporation and
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fission of lead and actinide nuclei over their multifragment decays followiegbsorption of 68 —
3770 MeV photons [13]. This was also demonstrated by detecting nuclitdeshe mass number
of 24 — 131 produced in the absorption of bremsstrahlung photons witip@ntienergies from
300 to 1100 MeV by*¥’Au [14]. One can also note, see Fig. 2, that photons less effectivaly he
heavy target nuclei compared to protons, antiprotons>&ed
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Figure 2: Calculated average excitation energy (top panels) and avexagation energy per nu-
cleon (bottom panels) of residual nuclei resulting from the interactiomofgns, protons, antipro-
tons ancPHe with gold nuclei (left) and photons with carbon and gold nuclei (right) fisction
of projectile kinetic energyl or photon energ¥,.

4. Multi-particle break-up of 1°C

Residual nuclei with much highéE* /Agn) of 2.5 — 3 MeV are created in photoabsorption
on2C, see Fig. 2. The probability distribution to produce a residual nucleusangthenE* / Ary
is shown in Fig. 3. As seen, the main part of events is characterizét PAry < 2 MeV with
a subsequent emission of individual nucleons by the excited nucladueedNevertheless, there
is a low probability to create nuclei with* /Agy > 5 MeV which undergo multifragment break-
up [3]. In order to describe such decays a model which is similar to the Heeak-up model
for multiple particle production in proton-proton collisions [15] is employed, [1B, 18]. It is
assumed that during the decay time of about 100 fm/c the excited nucleusgtsiassinto cold or
slightly excited fragments. The masses of fragments in their ground andtlex@ted states are
taken from nuclear data tables, and all possible break-up channéts, satisfy the mass number,
charge, energy and momenta conservations are considered. Forlexampxcited?C nucleus
can decay into more than 200 channels containing various combinationstofgy neutrons and
light nuclei. It is assumed that the probability of an individual break-uancdel containingn
particles with massesy (i = 1,---,n) is proportional to its phase space volume [15, 16, 17, 18].
The momentum distributions of final products are obtained by the randoerajem over the
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Figure 3: Probability distribution to create a Figure 4: Calculated probabilities of disinte-
residual nucleus with a given excitation en- gration of1°C by photons with emission of a

ergy per nucleonE*/Arn, in the absorption  given number of neutrons (histograms). Pre-
of 1 GeV photons by?C, as calculated by the liminary data of the GRAAL collaboration are

RELDIS model. shown by points.

accessible phase space which is defined by the total energy taking imonathe energy and
momentum conservation.

The calculated probability distribution of events with a given number of nesti® shown
in Fig. 4. In~ 30% of events protons are emitted without neutrons. Ne80% of events are
represented by the emission of 1 — 2 neutrons and they also correspibrdntmst probable low
excitations. Some 1 — 2 neutrons are typically emitted during cascade préacesstrast, high-
multiplicity events are very improbable. In particular, events with six neutrdrishwcorrespond
to a complete disintegration d€C into individual nucleons are observed once per about 5000
photoabsorption events. It is remarkable that some events with sevenneeate also observed
despite the fact that the target nucleus contains only six neutrons. Thisl&red byyp — m'n
and other reactions of meson production which lead to a recoil neutroer riiiin to a proton.
A very low probability of these events calculated with the RELDIS model agves| with the
measured value. In general, the calculated distribution is in a good agreeittea distribution
measured by the GRAAL collaboration, which is shown in the same figure.

5. Conclusions

As follows from our measurements and simulations, the disintegratié?(bﬁuclei which
results from the absorption of 700-1500 MeV photons can be readgaomalh described as a two-
stage process. The RELDIS model predicts a wide distribution of excitatiergies of nuclear
residues which are created in the photoabsorption after the first eastagk of the reaction. A
large part of the photon momentum is typically taken away by fast cascatidgm

The most probable photodisintegration events are characterized by theiceno$ 1 or 2
nucleons. However, a complete disintegration'@® into individual nucleons is also seen in a
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small (~ 0.05%) fraction of photoabsorption events. The model describes theonautiltiplicity
distributions very well.

It was found that photons less effectively heat heavy target nuchapared to protons, an-
tiprotons andPHe. However, the average excitation energy of light residual nucksited after
the photoabsortion of?C is estimated at the level of 2.5-3 MeV per nucleon, which is essen-
tially higher compared to the photoabsorption on heavy nuclei. Some photpébsa events are
associated witfe* /Agy > 5 MeV sufficient for multiframent break-up dfC. This means that
multifragment decays of light nuclei can be investigated also in photonu@aetions in addition
to proton-induced reactions and heavy-ion collisions.
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