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Abstract. Legendre moments of a double-differential Doppler-broadened elastic neutron scattering cross section on 238 U are computed near the 6.67 eV resonance at temperature T = 103 K up to angular order 14. A
covariance matrix of these Legendre moments is computed as a functional of the covariance matrix of the elastic
scattering cross section. A variance of double-differential Doppler-broadened elastic scattering cross section is
computed from the covariance of Legendre moments.

1 Introduction
A general expression for temperature-dependent Legendre
moments of a double-differential Doppler-broadened elastic scattering cross section was derived by Ouisloumen and
Sanchez in [1]. However, its practical applications were
limited to computations of the zeroth-order Legendre moment because higher order Legendre moments entail a timeconsuming computation of a triple-nested integral. A recursive algorithm that transforms this triple-nested integral
into a single one via iterative application of the integrationby-parts method was designed and implemented in [2].
This algorithm enables accurate computation of Legendre
moments of an arbitrary order in a way that bypasses the tedious programming of their explicit analytical expressions.
We use this algorithm to compute the first fifteen Legendre
moments and their covariance matrix.
We comment on convergence of a Legendre expansion of Doppler-broadened double-differential elastic neutron scattering cross section near a low energy resonance
of 238 U. A complementary stochastic treatment of thermal effects in [3] and [4] was used to validate a doubledifferential cross section computed via Legendre moment
expansion. We also compute a covariance matrix of Legendre moments and use it to compute a variance of a doubledifferential Doppler-broadened elastic scattering cross section. In Section 2 essential formulae are listed, and in Section 3 numerical results are presented.
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2 Formalism
A double-differential elastic scattering cross section in the
laboratory frame at temperature T can be expanded in Legendre polynomials as
X
(n + 21 )σTsn (E → E ′ )Pn (µlab ), (1)
σTs (E → E ′ , µlab ) =
n≥0

where µlab ≡ cos ∠(v, v′ ), v and v′ are the initial and the
final velocity corresponding to the initial and the final energy E and E ′ in the laboratory frame, respectively, and
Pn (µlab ) are the Legendre polynomials. It is noted that the
angular distribution in the lab frame, Eq. (1), is anisotropic
for n ≥ 1 even when it is isotropic in the center-of-mass
frame.
Low-energy elastic neutron scattering in the center-ofmass frame can be approximated to a high accuracy by
isotropic s-wave scattering. An expression for the nth -order
Legendre moment (in the lab frame) of an isotropic angular distribution in the center-of-mass frame taken from [1]
is:
Z
β5/2 E/kT ∞ tab ′′
2
σTsn (E → E ′ ) =
e
tσ s (E (t))e−t /A ψn (t)dt,
4E
0
(2)
where E and E ′ are the incident and outgoing neutron energies in the laboratory frame, T is the temperature in degrees Kelvin, k is the Boltzmann constant, β ≡ (A + 1)/A,
A is the target mass in units of neutron mass m, E ′′ (t) ≡
βkT t2 /A is an energy in the lab frame, and σtab
s (E lab ) is
a tabulated elastic scattering cross section1 at zero degrees
Kelvin. The ψn (t) is computed by Eqs. (13-26) of [2], where
ψn (t) is the ψn0 (t) in a generalized notation introduced in
[2]. The integration variable t is dimensionless.
Legendre moments in Eq. (2) can be written compactly
as functionals of σtab
s :
σTsn (E → E ′ ) = ÔTn (E → E ′ )[σtab
s ],
1

(3)

Usually given as a function of energy in the lab frame.
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