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The Primordial Deuterium Abundance is
a key ingredient to sharpen the predictions
of Big Bang Nucleosynthesis (BBN) [1, 2] as
it varies sharply with baryon density. The
formation of primordial deuterium is mainly
through n-p fusion [3]. Laboratory measurements play an important role in removing crucial ambiguities to sharpen the predictions in
the astrophysical context. As such experimental measurements [4–6] have been reported
during the last 10 years on photodisintegration of deuteron using 100 % linearly polarized
laser beams at lab photon energies, Eγ in the
range 2.6 MeV < Eγ < 6 MeV which corresponds to the center of mass neutron energy
En in the range 189 keV< En < 1948 keV.
It is worth mentioning here that while a large
number of measurements exist for the n-p fusion cross section at thermal neutron energies
which corresponds to En ≈ 10−6 keV, there
are only two measurements at astrophysically
relevant energies by Suzuki et al., [7] at lab
neutron energies Enl = 20, 40 and 60 keV and
by Nagai et al., [8] at Enl = 550 keV. As compared to the thermal neutron cross section of
(334.2 ± 0.5) mb, the measured cross sections
at the above four energies are (318 ± 2)10−3
mb , (203 ± 19)10−3 mb, (151 ± 7)10−3 mb
and (35.2 ± 2.4)10−3 mb respectively. The
reason for this sharp fall with increasing energy is attributed to the fact that the reaction
d+γ
n + p is governed by the dominant
isovector M 1v amplitude at thermal neutron
energies which decreases sharply with increasing energy while the isovector E1jv , j = 0, 1, 2
amplitudes are believed to be responsible for

photodisintegration cross sections of order of
mb at Eγ of a few MeV. Thus all these amplitudes are expected to be comparable at astrophysical energies, where it is possible that
the isoscalar amplitude M 1s could also be of
the same order of magnitude [9, 10]. Further there could also be another small amplitude like isoscalar E2s which has been considered by some authors [11]. The purpose of
the present paper is to examine the observables associated with the photodisintegration
of aligned deuterons using linearly polarized
laser beams to detect the presence of these
isoscalar amplitudes.
Following [10] and using the same notations,
the reaction matrix for d + γ → n + p with
linearly polarized photons is
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M=

1
s+1
X
X

(S λ (s, 1) · F λ (s)),

(1)

s=0 λ=|s−1|

where
Fνλ (s) =

X

Fνλ (s, µ).

(2)

µ=±1

The four irreducible tensor amplitudes,
Fνλ (s, µ) may be written, taking into consideration all these multipole amplitudes, as
√
Fν1 (0, µ) = −iM 1v fν1 (0, 1, µ)− 3E1s fν1 (1, 1, µ),
(3)
F00 (1, µ) =

1
E1v (0)f00 (1, 1, µ),
3

(4)

1
Fν1 (1, µ) = − E1v (1)fν1 (1, 1, µ) + iM 1s fν1 (0, 1, µ)(5)
6
1
E1v (2)fν2 (1, 1, µ) + E2s fν2 (0, 2, µ)(6)
6
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where E1v (λ) are linear combinations of the
E1jv amplitudes. The differential cross section
with linearly polarized photons is then given
by
dσ
2π 2
=
[a + b sin2 θ(1 + cos 2φ) − c cos θ],(7)
dΩ
6
where the presence of c was brought to notice
for the first time [10] and c involves the interference between M 1s and E1jv amplitudes.
A spin 1 nucleus like the deuteron is said
to be aligned, if its vector polarization is zero
and tensor polarization is non-zero. It is precisely such a state of polarization that occurs when a nucleus with non-zero electric
quadrupole moment is exposed to an external
electric quadrupole field, Vα,β [12]. The interaction Hamiltonian is of the form
Hint =

A(3Jz2

2

−J )+

Aη(Jx2

−

Jy2 ),

(8)

where A is proportional to the nuclear electric
quadrupole moment Q through
A=

1
QVZZ ,
4

η=

VXX − VY Y
.
VZZ

(9)

The energy eigen values are A(1 ± η) and −2A
with the respective eigen states being
1
|X >= √ (|1 − 1 > −|11 >),
2

(10)

i
|Y >= √ (|1 − 1 > +|11 >),
2

(11)

|Z >= |10 >,

(12)

in terms of magnetic substates |1m >.
The differential cross section for photodisintegration of aligned deuterons by linearly polarized laser beam is then of the form
(

dσ
dσ
)AD =
(1 + (A2 · t2 ))
dΩ
dΩ

(13)

where t2−q denote the Fano statistical tensors
and A2q denotes the analyzing powers which
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are given by
1 X
(−1)λ (2s + 1)[λ][λ0 ]W (12sλ; 1λ0 )
A2q = √
2 3 s,λ,λ0
0

(F λ (s) ⊗ F †λ (s))2q (14)
A detailed discussion of the above analyzing
powers and their sensitivity to the isoscalar
amplitudes will be presented. Since linearly
polarized photon beams are already available
at the Duke Free Electron Laser Laboratory
[4–6] and aligned deuterons are expected to be
present in molecular environments [12], we believe that it is possible to carry out the above
measurements.

References
[1] D. N. Schramm and M. S. Turner, Rev.
Mod. Phys. 70, 303 (1998)
[2] S. Burles, K. M. Nollett, J. W. Truran and
M. S. Turner, Phys. Rev. Lett. 82, 4176
(1999)
[3] M. S. Smith, L. H. Kawano and R. A.
Malaney, Astrophys. J. Suppl. Ser. 85, 219
(1993)
[4] E. C. Schreiber et al., Phys. Rev. C 61,
061604 (2000)
[5] W. Tornow et al., Mod. Phys. Lett. A 18,
282 (2003)
W. Tornow et al, Phys. Lett. B 574
(2003) 8
[6] Bradly David Sawatzky, Ph.D. Thesis,
University of Virginia, 2005 (unpublished)
[7] T. S. Suzuki, Y. Nagai, T. Shima, T.
Kikuchi, H. Sato, T. Kii and M. Igashira,
Astrophys. J. 439 (1995) L59
[8] Y. Nagai et al., Phys. Rev. 56 (1997) 3173
[9] G. Ramachandran, Yee Yee Oo and S. P.
Shilpashree, J. Phys. G: Nucl. Part. Phys.
32 B17 (2006)
[10] G. Ramachandran and S. P. Shilpashree,
Phys. Rev. C 74, 052801 (R) (2006)
[11] J.- W. Chen, G. Rupak and M. Savage,
Phys. Lett. B 464, 1 (1999)
[12] Swarnamala Sirsi, Ph.D Thesis, University of Mysore, 1995 (unpublished)

Avilable online at www.sympnp.org/proceedings

