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► A new scattering kernel to describe the interaction of slow neutrons with

solid Deuterium has been developed.

► The main characteristics of this molecular solid are contained in the 

formalism, including dynamical aspects related to: 

● the lattice’s density of states, 

● the Young-Koppel  quantum treatment of the rotational motion, 

● the internal molecular vibration. 

► The elastic processes involving coherent and incoherent contributions

are also fully described, as well as the spin-correlation effects caused

by the coupling of intrinsic and rotational angular momenta. 

► The one-phonon coherent term in the upscattering cross section is

considered outside the incoherent approximation.

SOLID  DEUTERIUM



         Sel(Q,0) =   [4 bc
2 j02 (Qd/2) F(Q)2  +  2 bi

2 +                  

                         + 2 bi
2 α j0 (Qd)  + 2 bc

2 {1+ j0 (Qd)- 2 j02 (Qd/2)}] e-2W        

             

 Sinel(Q,) = [4 bc
2 j02 (Qd/2) S1ph(Q,) – Ss 

1ph(Q,) + Vo
rot(Q,)  Ss(Q,) ] e-2W 

NEW  MODEL

Marked terms: not included in the conventional NJOY´s algorithm.
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NEW Fd(T) CALCULATION

1. The Fd(T) corresponding to “hindered” 

molecules (D2d) is the theoretical result 

of Yamamoto et al. (J.Chem.Phys. 66, 

2701 (1977) (Fig.26).

2. The Fd(T) corresponding to “free” 

molecules (Oh) is given by tanh(ε /2/kT), 

with ε = 0.00075 eV.

3. The value of ε used in 2., allows a good fit to the total spin correlation 

dependence with T, as quoted by Lushington & Morrison (Can.J.Phys., 

55, 1580 (1977) (Table 1).

4. It is argued in the literature that the theoretical free-molecule spin  

correlation <I(I+1)> (as calculated by Yamamoto et al.) might not be an 

accurate description of the actual Oh molecules in CH4 Phase II, as they 

may suffer some hindering effect from the actual molecular lattice.
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Development of neutron scattering 

kernels for cold neutron reflector 

materials
José Rolando Granada a,∗, José Ignacio Márquez Damián b, Javier Dawidowski a,c,

José Ignacio Robledo c, Christian Helman a, Giovanni Romanelli d and Goran Škoro d

INGREDIENTS FOR A COLD NEUTRON REFLECTOR

LARGE SCATTERING CROSS SECTION HYDROGEN (σs = 82.02 b)

LARGE  ELASTIC CROSS SECTIONS SOLID

HIGHLY ISOTROPIC ANGULAR CROSS SECTION LARGE EFFECTIVE MASS

LARGE  [ELASTIC/INELASTIC] CROSS SECTIONS RATIO NO LOW-FREQUENCY MODES 

SMALL ABSORPTION CROSS SECTION

NEUTRON REFLECTORS
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CNS CALCULATIONS

H2O@293K
20x20x2 cm3

premoderator
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RATIO from BACKWARD ANGLE DETECTORS
Preliminary Results
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