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Good Candidate Material
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Inspired by Young & Koppel (PRA, 135, 603, 1964), free H,, D, gas
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Extend the model to solid H,, D, if Eph> =)
4 if E,,<0,
Molecular Form Factor: Phonons

(coherent sum of the scattering amplitudes from two atoms in each molecule.)
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Question:

Couldn’t we have a more updated scattering cross-section,
taking into accounts of all the coherent effect?

Is it that difficult?

Neutron scatterers have long figured out how to describe
coherent scattering, for both elastic and inelastic processes.



In solid D2,
we also need to account for the “interference between basis” in a unit cell.

plan (1122)

Fvcell — 1 T eXp(lQ . rbasis)

There are two basis in the primitive cell.



Cross—section per molecule (Barns)
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For ortho-D, (J=0), the molecular form factor is: 2 j, (Qa/2).

[

2 atoms per molecule.

Elastic Cross—section in Solid D2
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Problem: missing the [011] peak! 6



Intensity

Incoherent Approximation (widely used in previous calculations)

Formulism:

Form Factors of Molecular D2 Solid
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the molecular form-factors.)
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FIG. 1. Phonon dispersion rela-
tions for o=Dy at & K and 275 bar,
The full lines are the results of the
Born=von Karman fit and the dashed
lines are the dispersion relations
for o-Dy at 5 K and zero pressure,
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Disperson function of phonons in HCP lattice with axially symmetric force
model: Solution of the force matrix (including coupling constanrnts up to the
3rd nearest neighbors)

Through a Monte-Carlo
w(vec q) angular average

Polycrystalline D,



Results of our full treatment:

High Resolution Map of the Dynamic Structure Function S(Q,»)
J: 050 only

[, Coherent Phonon Scattering, SO00:200:100000 « 102
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Density of states, Z(w)
Derived from the coherent scattering amplitude
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Z(»): not used in the actual coherent scattering calculation.
Plotted here just for fun!



Include the rotational transition (J=0—>1), E;;=7.1 meV

[, Coherent Scattering + JO1 Incoherent Excitation

N
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Energy Transfer (me*)

Low resolution tomentum Transfer G (1/4)
50x20

Compares pretty well with the Munich data.
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Derived from Coherent Scattering
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Incoherent Approximation in treating
the phonon contribution
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Lacking the detailed Q dependence.
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5(Q,0) in Solid ortho-D. (5K)

Mormentum Transfer G (1/A)
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Energy Transfer (mel)

UCN production:

The is not much
intersection within
the first Brioulloin
zone.
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Cross-section per molecule (barm)
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Total Cross-section in Solid ortho-D,
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High energy part
agrees with data
quite well!

(confidence in
inelastic
calculation).

Inelastic
(downscattering)
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# LICHN Froduction in Solid u::lrthc::-IZJ2

LICH Production (bams)
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Energy Transfer (meV)

Energy Transfer (meV)

Relax from the polycrystalline limit

Energy Loss (Averaged over 10 degrees tilt out of the basal plane) Energy Loss (45 degress around C—axis)
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(coherent contribution only)
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Cross-section (barns)

UCN (500 A) upscattering cross-section in solid ortho-D
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Higher saturation temperature!
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D, data to validate the simulation

8x10" —m ——————————— Using upscattering Xection
7x10-10 [ calculated by the incoherent
6x10-10 : approximation.
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e Non-linear Fit

e Simple Subtraction
—— Simulation
----- Simulation w/ Cracks 19




orhto-Do UCN Yield
normalized to 1.0 at 5 K

A survey of all the UCN production data using D,
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This Work, GEANT Sim, Full Model

This Work, Geant Sim, Incoherent Approx.
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Solid Oxygen as a UCN Source

G, —4.232 barn, c,,. = 0 barn,
C,ps — 0.0001 barn

* Electronic spin S=1in O, molecules.

* Nuclear spin=0in,,0

e Collinear Anti-ferromagnetic in 2-D
— o-phase, T < 24K.

Stephens & Majkrzak, PRB 33, 1 (1986)

UCN Production in alpha S-0O,

* Produce UCN through magnon excitations.
— Magnetic scattering length ~ 5.4 fm.

* Nullincoherent scattering length. = A very large source
 Small nuclear absorption probability. possible.
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Cross-section (barns)

Total cross-section (check form

factors)

Total Cross-section of Solid m—DE (monoclinic)

18 : — ,
nuclear, No FFs : EE L of La e

16_—'—"HUC|EEF,ISDUDDICFF ....... ....... e

pg|| onuclear, mole axis R | © 5 s e !
nuclear, mole. axis FF + u%/3 [1511]5 & oo g

(4 EETEINY magnetic, AR, isotropic FF - [7 l L aii i e

10_ & dEl’[EIIIOL—DEII ; . Foow. Aea fl

o EERC e R P R R ................................................

SRR TN S LN 5 ADAE A

4

Energy (mel/)

Again, there are
some details that
need to get right.

Molecular form
factor is no
longer isotropic,
because the
molecules are
“oriented” in
solid.



Calculated S(Q,) in
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Range of

coupling constants

Jun = -3.32 (-2.44) meV
Junn = -0.91 (-1.22) meV
J, <0(0) meV

Jun=-2.44 meV
Jann = -1.22 meV

D=0.132 meV
D’=0.118 meV

Suggested 1n
Stephens & Majkrzak,
PRB 33, 1 (1986)



E (meV)

Neutron scattering data

alpha 02 10K 2.3 Angs
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Energy Transfer (me')

Updated S(Q,®) in a-02
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Also, there was a sign
error.
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Spin self-energy is
very strong along
the direction of spin
Mormentumn Transfer G (1/A) alignment!
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Sep~Oct, 2008

Pulse-tube
Refrigerator
(1.SW @4K) Target Cell
(100 c.c.)
H Cold N I — I >
Choppers Beam e M3
Monitor
SC solenoid UCN Guide:
Cryostat polished SS
Guide (186 neV)
UCN Detector

(ion chamber w/10mbar *He,
1000mbar CF))
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Low Statistics Measurements

Bird’s Eye View

100cm I
M1 M2 M3
0000000000
=
Cold Neutrons I 0000000000 I I
~3x10% n/cm?2-s
B,C BG : 300 Hz
Borated PE l = 2000
UCN signal rate ~ 0.34 Hz (D,) 0.16 Hz
0.15 Hz (O,) | +53

S/N ~ 5/1 for O, 0.03 Hz



Summary

* First complete treatment of neutron cross-section in
solid D,.
— UCN downscattering cross-sections need to be updated.
— UCN upscattering cross-sections also need to be updated.

Have not yet include very likely effects of quantum solids,

might lead to quasielastic scattering from enhanced
diffusion.

* UCN production in solid a-0O, revisited.

— Several problems have been fixed, i.e., stronger self-spin
constant and a sign error.

— Should be able to interpret the experimental data on UCN
production from solid O,.



Our Group at I[UCF

Ultra-Cold Neutrons, Neutron EDM, Electron EDM
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