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Abstract. In this paper we present first results from a 8Li electromagnetic neutron-breakup experiment.
Specific reactions studied were Pb(8Li,7Li+n)Pb and C(8Li,7Li+n)C at 41MeV/nucleon beam energy. This
is an effort to compare the results of a Coulomb dissociation experiment with the well determined (n, γ)
reaction cross sections at astrophysical energies. The angular dependence of the cross section above 7 degree,
which is the grazing angle of 8Li-Pb system, is similar in shape for lead and carbon and approximately
proportional to A2/3 in magnitude indicating that the nuclear dissociation is the main component in
this region. At very forward angles the angular distributions differ significantly and the electromagnetic
dissociation dominates for the lead, although the nuclear contribution is not negligible.

PACS. 25.40.Lw Radiative capture – 25.70.De Coulomb excitation

1 Introduction

Many astrophysical nuclear processes, such as the r-
process, involve neutron capture by short-lived nuclei. Di-
rect measurement of these reactions are not available be-
cause one cannot make a target of these nuclei. However,
there are other methods of obtaining information of the
cross sections. One example is the asymptotic normaliza-
tion coefficient (ANC) method [1]. Another approach is
Coulomb breakup where the inverse reaction is investi-
gated. This inverse method has been applied already in
several experiments and generally good agreements with
theoretical estimates are found for dissociation cross sec-
tions [2].

However, there have not been experimental investiga-
tions of the validity of the assumptions associated with
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extracting information from the inverse reaction. For ex-
ample, it is known that the excited states of the result-
ing nucleus following neutron capture plays an important
role [3]. The radioactive beam contains only ground state
nuclei. Therefore, when the inverse method is applied, the
contribution of capture to an excited state should be taken
into account theoretically.

Another concern relates to the calculation of the neu-
tron capture cross section from the experimental results
of the dissociation. The neutron breakup can occur from
either nuclear or electromagnetic interaction. The contri-
bution of the nuclear breakup has to be measured and
removed from the total yield. The proper way to do this
needs verification.

This paper will present first experimental results to
check the validity of the inverse method. The reaction in-
vestigated was the neutron capture of 7Li. This nucleus
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is stable, and the neutron capture has been measured di-
rectly in several experiments [3,4] including bombardment
by thermal and fast neutrons. These results showed that
the capture obey a 1/v law below 254 keV where a reso-
nance peak is located.

As the (n, γ) reaction for 7Li is well known, the in-
verse process can be used to provide better understanding
of the Coulomb dissociation process. This is the first de-
tailed study of a Coulomb dissociation reaction (energy
dependence and angular distributions) where the associ-
ated, well-established (n, γ) reaction is known.

2 The method of Coulomb dissociation and

its experimental difficulties

The dissociation of nuclei passing through the strong elec-
tric field of a heavy nucleus can be described as an absorp-
tion of a virtual photon (γ) from the target field, followed
by emission of a neutron [5]. The (γ, n) reaction can be
then related to the inverse (n, γ) reaction of astrophysi-
cal interest via detailed balance. The (γ, n) cross section
is much larger than the corresponding (n, γ) cross section
at astrophysical energies because of the difference in wave
numbers between γ and neutron. As the electromagnetic
interaction is well known, this simple, powerful model is
often used.

When applying the method, one will face several ques-
tions that can result in systematic errors. One must con-
sider that the capture by a ground state nucleus can lead
to a ground state or excited states [3]. Another question
concerns the excited states of the capturing nuclei. This
will give difficulties if it occurs in the dissociation pro-
cess, since the dissociation into the ground state should be
measured. But for those captures when the contributions
from excited states are small, they can be theoretically
corrected. A detailed experimental investigation can show
the importance of this circumstance and would provide a
way to correct for it.

The most important systematic ambiguity is the nu-
clear contribution in the breakup. Since the inverse of the
neutron capture is only electromagnetic dissociation, the
contribution of the nuclear breakup should be well un-
derstood. The general way to estimate and subtract the
contribution relies on an empirical method. The most used
depends on A1/3 systematics. In this model, one can as-
sume that the neutron removal can occur only at the cir-
cumference of the target viewed from the beam direction.
The angular dependence of the two types of dissociation is
well known. The nuclear dissociation can occur at larger
scattering angles compared to the Coulomb dissociation
that is limited to angles below the grazing angle. There-
fore, the angular distribution of the breakup on several
targets is one way to determine the correction factors for
a particular target for the electromagnetic dissociation [6].

Another aspect is the calculation of the virtual pho-
ton numbers. This is theoretically well established but de-
pends on the closest approach of the colliding nuclei. With
the precise measurement of the scattering angle, it is pos-
sible to select different impact parameters of the reaction.

As the model of Coulomb dissociation is based on first-
order perturbation theory, some questions still arise due to
higher-order effects (i.e., dynamical effects and relativistic
effects) [7]. The neutron capture generally is dominated by
an E1 transition, but in the breakup there are a number of
E2 virtual photons available. Experimental results of lon-
gitudinal momentum distribution of the fragment showed
that the E1-E2 process can interfere [8].

These questions have never been verified experimen-
tally and left room for systematical errors. Although these
points were discussed many times for the 8B breakup re-
action, which is a very important reaction in the solar
neutrino problem, and several efforts have been made to
clarify nuclear or E2 contributions [9], no attempt have
been made to study Coulomb dissociation reaction sys-
tematics in detail.

3 The experimental procedure

The experiment was performed at the Coupled Cyclotron
Facility of the National Superconducting Cyclotron Lab-
oratory at Michigan State University. A 8Li beam of
41.2MeV/nucleon bombarded a lead (carbon) target of
56.7 (28.8)mg/cm2 thickness, respectively. The experi-
mental setup is shown in fig. 1. The direction of the in-
coming 8Li was measured with a pair of Cathode Read-
out Drift Chamber (CRDC) detectors [10]. A thin plastic
scintillator placed in front of the target provided the start
pulse for the time of flight (ToF). The neutrons were de-
tected with the Modular Neutron Array (MoNA) which
consists of 9 layers of 16 scintillator bars, 10 cm× 10 cm×
2m each [11,12]. The charged particles were deflected by
the Sweeper Magnet [13] and their positions were mea-
sured after the magnet with two CRDCs separated by 1m.
Thin and thick plastic scintillators were used to identify
the particles by their energy loss. The thin plastic detec-
tor also provides trigger signal for the measurement. Mea-
surements without any target were performed to deduce
contributions from reactions in the start detector.

In the Coulomb dissociation reaction, the relative en-
ergy between 7Li and n is determined by their relative
velocities event by event. The neutron velocity vector is
deduced from the position of the scintillator bar hit in
MoNA, and the ToF between the target and the particu-
lar bar. Horizontal position at MoNA is calculated from
the time difference between the two photomultipliers at-
tached at the left and right ends of each bar. The relation
between time difference and position was carefully exam-
ined with cosmic-ray events. The vertical and longitudinal
position of the neutron was determined from the position
of the bar. The ToF was calibrated with prompt γ-rays
from a thick target. The velocity was deduced from ToF
between the pulse of the thin plastic scintillator and the
mean time of the two photomultipliers.

To deduce the velocity of the 7Li particle, more elabo-
rate efforts were necessary. As the primary purpose of the
Sweeper Magnet was to sweep the charged particles off
and pass the neutrons through its large vertical gap, the
magnetic field is not uniform over the whole region. To
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Fig. 1. Experimental setup; “x, y”: CRDC detectors, “t, dE”: thin plastic detector, “E”: thick plastic detector.

understand the characteristics of the charged particle tra-
jectory in the Sweeper Magnet, the program “COSY infin-
ity” [14] was employed. From the measured magnetic field,
COSY can produce a forward map, which relates position,
direction and the rigidity of the particle at the target to
the position and direction after the magnet. Because of the
nonuniformity of the field, there are significant deviations
between the calculated trajectory with the forward map
and the actual trajectory for the particles with large angle
or with large momentum difference relative to the particle
at the central trajectory. This problem can be solved by
using multiple maps for various incident parameters. How-
ever, to trace back the particle from the detector after the
magnet to the target position, this procedure did not allow
COSY to create an inverse map. We employed the novel
technique of a neural network [15]. As the position data of
the particle at the target position is also known from the
beam tracking CRDCs event by event, we have enough
information to deduce the rigidity and direction of the
particle at the target. A Monte Carlo simulation using the
forward map provides a set of events, which is used to train
the neural network. Obtained parameters were further
tested with another set of simulated events. These steps
were repeated until a satisfactory conversion was obtained.

4 Results and discussion

Using this technique, the momentum and the velocity vec-
tor of the 7Li particles were successfully deduced. The re-
sults for angular distributions are displayed in fig. 2. The
upper panel shows the net yields for the lead target and
the carbon target, respectively, normalized by the number
of incoming particles and the target thickness. The con-
tribution from reactions in the thin scintillator in front of
the target was subtracted using “blank target” runs. The
carbon yield is multiplied by a factor of 6.7 for comparison
purpose. The angle of the center of mass velocity of the
n-7Li system relative to the initial 8Li particle is displayed
in the center of mass system of 8Li+target. Although the
angular dependent acceptance effect is not corrected yet,
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Fig. 2. Angular distribution of n-7Li coincidence at 41MeV/A.
Upper panel: solid symbols are for the lead target and the open
circles are for the carbon target. Carbon data is multiplied by
factor 6.7 (see text). Lower panel: Pb/C ratio of the angular
distributions.

a clear difference of the angular distributions for the two
targets can be seen. For the lead target, there is a clear
enhancement at forward angles less than 6 degrees. This
shows the dominance of the Coulomb dissociation process
at forward angles. Small yields below 1 degree may cor-
respond to the cutoff of virtual photons i.e., the number
of virtual photons whose energy is high enough to disso-
ciate 8Li (2.033MeV) decreases significantly at the large
impact parameter. The carbon target data, on the other
hand, shows a rather flat distribution with a maximum at
around 3–4 degree. Above 7 degree, which is the grazing
angle of the 8Li+Pb system at 41MeV/A, the two distri-
butions have the same shape, indicating the nuclear dis-
sociation dominates in these angular regions for both tar-
gets. Using the factor 6.7 mentioned above, the magnitude
of the two angular distributions matches above 6 degrees.
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The lower panel of the figure shows the ratio between
two distributions. This ratio may give a better insight of
the target dependence, as the finite acceptance effect is
cancelled out in part. For large angles, the ratio is almost a
constant. This constant 6.7 corresponds to A2/3 scaling of
lead over carbon. With the often used A1/3 factor, the two
distributions differ in magnitude. As the angle decreases,
the ratio gradually becomes larger. At very forward angle,
this ratio exceeds 140 which is close to the Z2 ratio of
the targets. Further analysis, such as angular correlation
of the breakup particles (n and 7Li) and incident energy
dependence, which is now underway, will give more insight
to E2 contribution.

In summary, we showed the angular distributions
of the Coulomb dissociation for C and Pb target at
41MeV/A 8Li beam energy. Above the grazing angle of
the reaction, the nuclear dissociation becomes dominant.
The Coulomb dissociation process dominates over nuclear
dissociation at forward angles, although nuclear contri-
bution is not negligible below 4 degrees. The present data
suggests that a more careful investigation of the angle and
energy dependence of the Coulomb dissociation reaction
method is clearly necessary to deduce the inverse (n, γ)
reaction cross section, which is important for the astro-
physical nuclear process.
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