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Photodisintegration cross-section of 9Be
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Introduction

One of the many nucleosynthesis reaction
paths to bridge the stability gap at A = 5 and
A = 8 is 4He(αn, γ)9Be(α, n)12C. The α(αn,
γ)9Be reaction represents a two step process
consisting α + α = 8Be followed by 8Be(n,
γ)9Be. Thus, 8Be(n, γ)9Be is a key reaction
which can bridge the mass gap at A = 8 to
carry forward the nucleosynthesis to interme-
diate and to heavy mass elements in α and
neutron rich environment.

A direct measurement of the cross-section
of the 8Be(n, γ)9Be reaction is very difficult
because of the short lifetime (≈ 10−16s) of the
8Be ground state, but they can be deduced
from photodisintegration cross section 9Be(γ,
n)8Be using the principle of detailed balance.
This approach is used in many experiments [1,
2] as well as in theoretical calculations.

We are using the same approach to calcu-
late theoretically the cross-section of 8Be(n,
γ)9Be by using two different theories, first or-
der perturbation theory [3] and finite range
distorted wave Born approximation theory
(FRDWBA). Our main focus is on FRDWBA,
where one can calculate photodisintegration
cross-sections from the Coulomb breakup of
projectile on some heavy target. The Coulomb
dissociation cross-sections usually have a large
value, so one can easily calculate photodisin-
tegration cross-secctions from those, and then
by using the principle of detailed balance as
mentioned above, one can calculate the radia-
tive capture cross-sections.

Here, we present our preliminary results for
first order perturbation theory, which are com-
pared with data from Ref. [5]. The calcula-
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tions with the FRDWBA are in progress.

Formalism

We consider the elastic breakup of a two
body composite projectile a in the Coulomb
field of target t. Projectile a breaks up into
fragments b (charged) and c (uncharged). a +
t → b + c + t

The relative energy spectra for the reaction
is given by

dσ

dErel

=

∫
ΩbcΩat

dΩbcdΩat ×
∑
lm

1

(2l + 1)
|βlm|2

×
2π

~vat

µbcµatpbcpat

h6
(1)

where vat is the a − t relative velocity in the
initial channel, Ωbc and Ωat are solid angles,
µbc and µat are the reduced masses, pbc and
pat are linear momenta repsectively. βlm is the
reduced amplitude in post form of FRDWBA,
given by

l̂βlm(qb,qc;qa) =

∫∫
dr1driχ

(−)∗
b (qb, r)

χ(−)∗
c (qc, rc)Vbc(r1)φ

lm
a (r1)χ
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where, qb, qc and qa are the wave vectors of
b, c, and a corresponding to Jacobi vectors
r, rc and r1, respectively. Vbc is the interac-
tion between b and c. φlm

a (r1) is the ground
state wave function of the projectile with rel-
ative orbital angular momentum state l and
projection m. χ(−)’s are the distorted waves
for relative motions of b and c with respect to
t and the center of mass(c.m.) of the b-t sys-
tem, respectively, with ingoing wave boundary
conditions. χ(+)(qa, ri) is the distorted wave
for the scattering of the c.m. of projectile a
with respect to the target with outgoing wave
boundary conditions.
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The evaluation of βlm is quite complicated
as it involves a six-dimensional integral, in
our theory we are using Local Momentum Ap-
proximation (LMA) [4] to solve this. This re-
duces the six-dimensional βlm into two three-
dimensional integrals, one giving the struc-
tural information and the other involving
the dynamics of the reaction which in turn
can be analytically solved in terms of the
Bremsstrahlung integral.

The relative energy spectra (Eq.1) is related
to the photodisintigration cross-section (σπλ)
as:

dσ

dErel

=
1

Eγ

∑
πλ

σπλ(a + γ → b + c)nπλ (3)

where π is E/M (i.e. electric or magnetic tran-
sition), λ is multipolarity, nπλ is equivalent
photon number, Eγ = Erel + Q is energy of
photon and Q is the Q-value of the reaction.

Of course, for the correct application of this
theory, one has to ensure that only one multi-
polarity (of either E or M) contributes to the
cross-section. That is why one does a first
order perturbation calculation before doing a
final FRDWBA calculation.

For our calculations we are using Woods-
Saxon potential to obtain the ground state
wavefunction φlm

a (r1). The depth of the po-
tential is adjusted to reproduce the binding
energy (1.665 MeV for 8Be + n). The depth
turns out to be 45.58 MeV for a radius and
diffuseness parameters of 1.15 fm and 0.5 fm,
respectively.

Results and discussions

Fig. 1 shows photodisintegration cross-
section 9Be(γ, n)8Be as a function of pho-
ton energy (Eγ), calculated using first order
perturbation theory. In this particular case
Electric dipole (E1) transitions are found to
dominate. The variation in the cross-section
with diffuseness parameter of Woods-Saxon
potential is also studied. With increasing dif-
fuseness, the cross-section also increases and
peak becomes more narrow. We compared
the calculated cross-section with the experi-
mental data from Ref. [5]. Our calculations

are in some agreement near the threshold. As
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FIG. 1: The calculated 9Be(γ, n)8Be cross-section
using first order perturbation theory, for diffuse-
ness parameter (i) a = 1.0 fm (solid line) and (ii)
a = 1.05 fm (dotted line). The experimental data
is from Ref. [5]

these are our preliminary calculations, we will
also try to compare our ongoing FRDWBA
calculation with the recent experimental data
of Ref. [6].
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