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SOLID DEUTERIUM

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:
e the lattice’s density of states,
e the Young-Koppel quantum treatment of the rotational motion,
e 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.
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Neutron scattering kernel for solid deuterium
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NEW MODEL

S*(Q.0) = [4 be? jo? (Qd/2) [F(Q)P + 2 b +

+2 b2 ajo (Qd) @ jo (Qd)- 2 joz@ oW

Snel(Q,m) =[4 be? jo? (Qd/2) {S™"(Q,m) — Ss @ Vo(Q,0) ® Ss(Q,w) ] eV

Marked terms: not included in the conventional NJOY’s algorithm.



J.W.Schmidt et al., Phys.Rev.B 30, 6308 (1984)

0—-0 %\oo-oo-o.o.b.
-0=-0OFO——0"
1.©0-0
oo 00=g
o0
Rles
owoooo
0
O
50
o
- —
Ol%hIOOI —Oe
o-u.o
O
O<p.
Ougs
~
OO
S O
o \
o Q
@ )
° O -
= Q
3 Q
(e] Y] o (] o To] o
a X S < = S S
o o (@] (@] o o (@]

10

o (meV)



Inelastic X-Section (b)

0.1+

Orto_D2 5K
INELASTIC

Inc Appr

0.01 4
IA corrected
1E'3 LA | UL | UL | ML |
1E-5 1E-4 1E-3 0.01 0.1

Energy (eV)

Cross Section (b)

0.1+

—5KIA 0-b,

SK Full Inelastic components
- - 8KIA
- - - 8K Full

1E-3

|A corrected

T T T T T T T T T T T
100 200 300 400 500 600
MA)



10 ——incel 10 ——inel corr
——cohel | ;N 1 N O 1 | |——elcoh
<) — inel corr <) —elinc
— 89  Orto_D218K Total sc — 8+ Orto_D25K TOT corrl
2 IA corr 2 IA corr
(8] T (8]
& &
v 6 '\ v 6
< \ <
3] N 3] N
o, \ w ,
© \/":& © \/" §
) — Yamil ) N—"
— ‘—o-\_\
2 2
4 A\
0 \M__—// Q:. i 0 > \Q:\
o o T o L | o o T o L |
1E-5 1E-4 1E-3 0.01 0.1 1 1E-5 1E-4 1E-3 0.01 0.1 1

Energy (eV) Energy (eV)

Orto_D2 18K
Corr Incoh Approx

Orto_D2 5K
Corr Incoh Approx
—— downscat

—— up sc corr
—— inel corr




Total X-Section per Molecule (b)

Cross section per molecule (b)

Experimental data from PSI
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Cross section per atom [b]

Thermal neutron scattering
nuclear data work at ESS
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METHANE Il
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NEW F,(T) CALCULATION

1. The F4(T) corresponding to “hindered”
molecules (D,,) is the theoretical result
of Yamamoto et al. (J.Chem.Phys. 66,
2701 (1977) (Fig.26).

2. The F4(T) corresponding to “free” R
molecules (O,,) is given by tanh(e /2/KT), Book 6 columnas By C
with € = 0.00075 eV.

3. The value of € 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. Itis 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 O, molecules in CH, Phase I, as they
may suffer some hindering effect from the actual molecular lattice.

F.M




Thermal neutron scattering
nuclear data work at ESS

Methane in phase

» Preliminary model in Python and NCrystal, based on the models by Granada.
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CLATHRATES
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NEUTRON REFLECTORS
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OUR SCATTERING MODEL FOR ND AND MgH,

‘ Nanodiamond
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“He SUPERFLUID

PHYSICAL REVIEW B 103, 104516 (2021)

Dispersion relation of Landau elementary excitations and
thermodynamic properties of superfluid ‘He

H. Godfrin®,!"" K. Beauvois,"? A. Sultan,’? E. Krotscheck.>* J. Dawidowski®.7 B. Fik.,? and J. Ollivier*
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Energy transfer w (meV)
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Liquid *He

Thermal neutron scattering
nuclear data work at ESS

« Initial work on development of a liquid *He kernel at 1.0 K.

» Differences in models found in literature and experimental data is sparse.
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Cross section per atom [b]

Nuclear data development at the European
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Total X-Section (b)
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