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Deuteron photodisintegration at high energy
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Abstract. The high-energy two-body deuteron break-up is a very well-suited process to identify quark
effects in nuclei. In particular, its study in the few GeV region can clarify the transition from the nucleonic
to the QCD picture of hadrons. The CEBAF Large Angle Spectrometer (CLAS) at JLab allowed for the first
time the complete measurement of the angular distributions of the two-body deuteron photodisintegration
differential cross-section at photon energies from 0.5 to 2.95GeV. First results from the analysis of 30%
of the total collected data show persistent forward-backward asymmetry and are well described by a
calculation derived in the non-perturbative framework of the Quark Gluon String Model (QGSM).

PACS. 21.45.+v Few-body systems – 25.20.-x Photonuclear reactions

1 Introduction

A fundamental issue in nuclear physics concerns the study
of the interplay between hadronic and partonic degrees of
freedom in nuclei.
To this purpose, the deuteron photodisintegration

is well suited for studying nuclear reactions in the
intermediate-energy regime where neither the traditional
meson exchange models nor perturbative QCD (pQCD)
describe the data well. It is an exclusive reaction in which
a large momentum is imparted to the constituents [1].
At high incident-photon energy and intermediate an-

gles, conventionally 90◦, where both the t-dominance and
u-dominance are suppressed, the γd → pn differential
cross-section is well described by the Constituents Count-
ing Rule (CCR) [2]:

dσ
dt
=

1
sN−2

f(θCM),

where N is the minimum number of microscopic fields
involved in the reaction, s is the square of the total energy,
and θCM is the proton scattering angle. In this case, with
N = 13, the CCR predicts dσ/dt ∝ s−11.
Before the present experiment, the deuteron photodis-

integration differential cross-section for Eγ > 1GeV was
measured only at few proton angles ([3–5]) as can be seen
in fig. 1. These data show s−11 scaling only at large angles:
θCM = 69◦ and 89◦.
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Fig. 1. Deuteron photodisintegration cross-section multiplied
by s11. Experimental data are from Mainz [3], JLab Hall C [4],
SLAC [5] and CLAS. Points are multiplied by s11, and arrows
indicate the expected threshold for the onset of the scaling,
where t > 1GeV [2]. For the theoretical curves, see [6–9].

For intermediate energies, the cross-section data indi-
cate a deviation from the predictions of the simple CCR
and more sophisticated models have been developed.
In the Reduced Nuclear Amplitude (RNA) model [10,

6] the binding of the quarks inside the nucleons and the
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deuteron is taken into account with empirical form factors
and the elementary cross-section is computed assuming
CCR scaling. This approach is able to describe the γd →
pn cross-section with an appropriate normalization factor
for θCM = 89◦ and 69◦ with Eγ > 2GeV.
In the Hard quark Rescattering Model (HRM) [7], the

elementary interaction consists of a quark exchange be-
tween the two nucleons. The incoming photon is absorbed
by a quark of one nucleon which then gives up its momen-
tum via a hard gluon exchange with a quark of the other
nucleon. The model assumes that this rescattering mecha-
nism is analogous, with some approximation, to the wide-
angle p-n scattering which is also dominated by quark ex-
change. The limits for the applicability of the model are
Eγ > 2.5GeV and momentum transfer t > 2GeV2, but,
under particular assumptions for the short-distance p-n in-
teraction, they can be extended. However, the agreement
with the data is poor, especially at higher energies where
the uncertainty is large, due to the limited knowledge of
the pn cross-section for the actual kinematic conditions.
A non-pQCD calculation has been done in the frame-

work of the Quark Gluon String Model (QGSM) [8]. It
assumes that the scattering amplitude at high energy
is dominated by the exchange of three quarks in the
t-channel, and the duality property allows its extension
at lower energies. The intermediate three-quarks state can
be identified with the nucleon Regge trajectory.
A short overview of the QGSM and the comparison

with data are given in sect. 3.
Traditional models based on the N -π picture fail to

reproduce data at Eγ > 1GeV. However, this approach
was extended in the few GeV region in the Asymptotic
Meson Exchange Current (AMEC) model [9], using form
factors to describe the d-NN interaction vertex and an
overall normalization factor fixed by fitting the experi-
mental data at 1GeV. The results reproduce the energy
dependence of the cross-section only for θCM = 89◦. It is
worth noticing that also this non–QCD-based model pro-
vides a scaling law for the cross-section, with an exponent
depending on the scattering angle.
Complementary information to the differential cross-

section is provided by polarization observables. At high
energies, a signature of pQCD effects is the Hadron Helic-
ity Conservation (HHC) [11–14].
The proton polarization was measured in the γd → pn

reaction only for proton angle θCM = 90◦ [15]. Above
1GeV, data show that the induced polarization is small,
consistent with HHC. However, the transverse and longi-
tudinal, in-plane, polarizations are non-zero, and indicate
that helicity is not conserved at least up to 2GeV. Thus,
it can be concluded that experimental data at θCM = 90◦
on cross-section and polarization give results that cannot
be consistently interpreted in a perturbative picture.

2 The JLab experiment E93-017

A new dataset for the γd → pn cross-section was obtained
using the CLAS detector [16]. A bremsstrahlung photon
beam is produced from a continuous electron beam by

Fig. 2. First results of the deuteron photodisintegration differ-
ential cross-section measured with the CLAS (full dots), com-
pared with the published data from JLab Hall C of [4] (open tri-
angles) and SLAC [5] (open squares). The curve is the QGSM
calculation [8].

hitting a thin radiator, and then tagged [17] using a spec-
trometer operating in the range between 0.20 and 0.95 of
the electron energy with a resolution about 0.1%. Scat-
tered hadrons are detected with the CLAS [18], a nearly
4π spectrometer based on a toroidal magnetic field gener-
ated by 6 superconducting coils which define 6 indepen-
dent modules. Each module is implemented with 3 regions
of drift chambers [19] to track charged particles, and time-
of-flight (TOF) scintillators [20] for charged-hadron iden-
tification.
The resolution of the proton momentum is of the order

of a few percent, while the proton efficiency is better than
90% in the fiducial region of the detector.
Data were taken with photon energy ranging from 0.5

to 2.95GeV with a trigger given by the coincidence be-
tween the tagger and the CLAS detector (TOF) signals.
The total number of recorded triggers is about 2.5 · 109.
Photodisintegration events are selected requiring the

identification of a photon in the tagger and a charged
hadron in the CLAS, and then applying a missing-mass
cut to the reaction γd → pX. The detector acceptance
and proton efficiency have been evaluated by Monte Carlo
simulations of the photodisintegration reaction, and the
background contribution has been computed fitting the
experimental missing-mass distributions.
In fig. 2 the differential cross-section dσ/dΩ is reported

as a function of the proton angle in the CM frame, for
fixed photon energy above 0.9GeV. The present prelimi-
nary results are obtained from the analysis of about 30%
of the accumulated statistic. Moreover, an additional cut
θCM > 20◦ has been applied, that will be removed in the
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final analysis. The agreement with the other available data
from SLAC [5] and JLab Hall C [4] is good at all energies
and angles. Notice that, in spite of the limited data set,
the statistical error is lower than 5% for Eγ < 1.5GeV.
The statistical error will be improved by a factor 3 or more
for photon energies up to 2.5GeV when the whole CLAS
dataset will be analyzed.

3 The Quark Gluon String Model

The QGSM is a non-pQCD approach [21,22], used in the
description of hadronic reactions at high energies [23]. Due
to the duality property of amplitudes, it can be applied at
intermediate energies for reactions without explicit reso-
nances in the direct channel [24]. This approach has also
been used for the description of heavy-ion collisions at
high energy [25].
In particular, the reaction γd → pn is described by the

exchange of three valence quarks in the t-channel plus any
number of gluons: this corresponds to the formation and
break-up of a quark-gluon string in the intermediate state,
leading to the factorization of the amplitudes. Such a
string can also be identified with the nucleon Regge trajec-
tory since the QGSM can be considered as a microscopic
model for the Regge phenomenology, and can be used for
the calculation of different quantities that have been con-
sidered before only at a phenomenological level [23].
In ref. [8], the QGSM has been applied for the descrip-

tion of the deuteron photodisintegration reaction, using
QCD-motivated non-linear nucleon Regge trajectories [26]
and including the photon spin variables with the assump-
tions of the dominance of the amplitudes that conserve
s-channel helicity. The interference between the isoscalar
and isovectorial components of the photon has been taken
into account, leading to forward-backward asymmetry in
the cross-section.
The result of this model is shown in fig. 2 as full line.

The agreement between data and QGSM calculations is
very good and the angular dependence of the cross-section
at fixed photon energy is reproduced together with the
forward-backward asymmetry showed by the data.
From fig. 2 it is clear the importance of the CLAS

datum at very forward angles, in order to check the QGSM
prediction of a decreasing cross-section at 10◦–20◦.
The QGSM model accounts for the decrease of dσ/dt

at fixed angle as a function of the photon energy, as shown
in fig. 1 for four CM proton angles.

4 Conclusions

For its simplicity, the deuteron is very suitable to study the
quark structure of nuclear matter and the γd → pn is an
ideal reaction, since γ-quark interactions are well known
and momentum transfers are large. The experimental data
for the cross-section at 90◦ are consistent with the CCR
scaling, while the proton polarizations show that HHC
is not conserved at least up 2GeV giving the indication

that a plain pQCD interpretation of the process may not
be correct.
New measurements of the cross-section have been per-

formed using the CLAS, with tagged-photon energy be-
tween 0.5 and 2.95GeV, covering for the first time almost
all proton angles in the CM frame. The preliminary re-
sults of about 30% of the total CLAS statistics are in
good agreement with the already published data.
The CLAS data have been interpreted in the frame-

work of the QGSM, a non-perturbative approach used for
the description of binary hadronic reactions. This model
works well for all proton angles and photon energy above
1GeV.
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