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LJ__: Scattering on SD2 su rface frost A. Anghel et. al, Eur. Phys. J. A 54 148 (2018)

Heat deposition during proton
beam pulse causes sublimation
from sD, surface
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Scattering on crystal defects

Elastic scattering on defects dominates the total scattering
cross section at low sD, temperatures

Thermal cycling and fast freezing / cooling increases the
number of defects due to large volume contraction of sD,

504

Cross section [ b ]

o sD, at 5K before cycling %

& after 5->10K cycling

1| @ after 5->18K cycling
- - - Debye model

1x10°8
Energy in medium [eV ]

A. Frei et al., Phys Rev B 80 (2009)

slow at 18.7 K

T. Brys, Diss. ETH. 17350 (2007)

2 K/ hour

14 K / hour

fast at 10 K
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PAUL SCHERRER (RS target and moderator station for thermal and
cold neutrons and secondary beamlines

High Intensity Proton Accelerator facility SINQ
Paul Scherrer Institute

- 2 f

Cockcroft—Walton TagerE

Target M pion / muon production

— targets and secondary
beamlines

Ring Cyclotron 590 MeV

Proton beam:
2.2 mA
8 s long pulse every 300 s

source for ultracold neutrons
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UCN West-1
storage W beamline
volume
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RS Determine UCN extraction

& valve

N(V) fﬂfnpd rdEdEo (E[;AE)ddE[}(h r) €ext(E, 1) € (F)
| P

Method:
1. Calibrate UCN production and transport efficiency
to beamports by measurements with thin sD, films
where extraction efficiency eex(E) = 1 vertical
solid
deuterium — A o
2. Measure UCN yield N(V') for increasing amounts (volume) ¥||l= guide

of sD, to obtain the relative change of extraction efficiency g

3. Parametrize elastic scattering in Monte Carlo simulations
and fit the observed extraction efficiency

spallation heavy | i

| target - £ water )
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LJ__: 1. SDZ thin film measurement G. Bison et. al, Phys. Rev. C 107 (2023)

D, tanks
filled with 18.5 mol Toysmr=""""""""""""

D, vapor

T

start with empty sD, vessel (< 0.01 mol D,)

Condensation

fill with known amount of D, vapor
(+ 0.1 mol) by monitoring condensation
vessel pressure and measure UCN output
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& valve i
measured isomeric and isotopic purity of D,

by Raman spectroscopy |’ dulr'o;gdopiratlon
<
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T = ? [Cpara Epara, + Ephonon T Eabs,Dg + CHD Ea.b:s‘HD}
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neutron flux per proton (cm? eV?)
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MCNP simulation of thermal flux ...
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Au'"specific activity (Bg/g)

m 1. UCN production

.. confirmed by gold foil activation

H. Becker et. al., NIM A 777 (2015)
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HP- G. Bison et. al., Eur. Phys. J. A 56 33 (2020)
b 1 ° U C N tra n S po rt effl C I e n Cy G. Bison et. al., Eur. Phys. J. A. 58 103 (2022)
G. Bison et. al., arXiv:2301.11668 (2023)

(2]

0.7 —®— A: diffuse boost, Py e = 4%

—®— B: diffuse boost, Py guie anr = 15%

06 —A— C: diffuse boost, Py guise gt = 50%

ﬁ | D: vertical bOOSE, Py guige g = 15%

o ’gﬁﬁ? | E: horizontal boost, Prert guide,ai = 15%
' MCUCN
simulation

05
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03

transmission (%)

0.2

0.1

0.0

- T T T T “::‘--'. T
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E,,, before sD, boost (neV)

modified for thin film source
(sD2 distribution on cooled
moderator surfaces from
vapor deposition)

additional parameters scanned
in wide range
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LJ__: 1. UCN y| eld G. Bison et. al, Phys. Rev. C 107 (2023)

00 oo d d measured UCN yield
- ()‘ ¢
N(V) :// / Pddr dE dEy —(Ey — E) — (h,r) €ext(E, 1) € (E) = (33.3£0.2) x 1073 em™2 pC_l
vJo Jo \dE dEy

characterized UCN production

and transport efficiency
down scattering cross section

neutron flux per proton (cm™ ev?)

10t . . 07
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1074 E T 053
g 0] Simulated UCN yield diffuse boost perpendicular
103 i 7 (102 em—3pC1) A B C D E
. £ 03]
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thermal flux from heavy water UCN transport spectrum

Page 14



PAUL SCHERRER INSTITUT

(= 2. Measure extraction efficiency

PSI'UCN source
prelimindry

3800 uC on target per pulse
34 4 simulation
=  measured

+ slow freeze/cool
lines: polynomial fits

counts 10°/300s

50 % extraction from
2 cm sD, converter /
is achievable ...

100 preliminary
S0 {

... but requires slow
freezing / cooling

extraction (%)

measured / simulated
+ slow freeze/cool
10 ] ;

1 2 3 4

sD, filling level (cm) Page 15



excess cooling power (Watt)
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(2]

oo fast freezing

5] 50 W| 18600 cm3 / hour
208 kJ

0

16:30 1?‘.’:!0 18:30
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excess cooling power (Watt)

4
3 slow freezing
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m 2.Slow vs. fast freezing of deuterium from the melt
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@ H» 3. Parametrize elastic scattering

PSI'UCN source

3800 uC on target per pulse prellm Inary
34 4 simulation
=  measured
& + slow freeze/cool
A
~ 2]
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extra Cted g 210 barn
(]
20
extraction model measured / simulated
+  slow freeze/cool
]
absorbed 0 1 )

1 2 3 4

up-scattered sD, filling level (cm) o1



PAUL SCHERRER INSTITUT

«( = Contents of this talk

Introduction:
UCN scattering in solid deuterium

Measurements at the
PSI UCN source

Simulations and parametrization
of elastic scattering

Implications for ESS

Page 18



PAUL SCHERRER INSTITUT

==

same MCNP model as verified by gold foil activation measurement

added various amounts (filling levels) of sD, at 5 K using scattering kernels of

Cold neutron flux — MCNP simulation

W. Bernnat et. al., J. Nuc. Sci. Tech. 39, 124-127

sD, ﬁlllingl — " y 1073
eve o
13.0 cm—_ Vi Jv ap o) dVin)E
L 104
3.21cm preliminary E 10
2.48 cm\ . [
1.90 ch;. -5
0.87 cm— .. = 10
0.58 cm ——+#.
0.44 cm—A4*
0.15cm L 106
3 20 A
n C total L 1077
‘é’_g 10 'Nkernel
v g inelastic
w0 —— ———— 10°8
10° 10! 102

energy (meV)

neutron flux (cm~2 meVv~1)
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Cold neutron flux — spatial distribution

from MCNP cylindrical mesh tally
compute vertical gradient of cold

neutron flux

weighted by down scattering cross section
to obtain UCN production rate at vertical

position from surface

Option Volume Pucn Nycn Heat
[liters] [em™ s71] [s1) [Watt]
SD; thin slab in twister - location 1
Fig. 5 1.81 3.1 x 10° 5.6 x 10° 760
Fig. 6 1.75 7.7 x 10° 1.4 x 107 2910
Fig. 7 0.38 1.3 x 10° 5.0x 108 560
Fig. 9 0.13 1.7 x 10° 2.2x 10° 520
SD; thin slab in MCB - location 2
Fig. 18a 0.91 3.8 x 10* 3.4 x 107 159
PSI (upper2cm) 3.4 1.6 X 10> 5.4 x 108 240 (total)

downscattering rate (cm™ pC™)

150 4

100 4

oPboAGYNE

{ preliminary sD, filling level

13.0cm
3.21cm
248 cm
1.90cm
0.87cm
0.58 cm
044 cm

N

dR o do d?(h®)

—(h,z) = dEy —(Ey) ———
dE( ,2) PL 0 dE( 0) dE(]aIz(Z)

0 T T T T T T T
0 2 4 6 8 10 12 14

vertical position (cm)

integrated UCN energy range 0 — 250 neV
typically 18000 uC per 8 s proton beam pulse

22000 cm? nominal sD, volume
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w( )= Elastic scattering cross section

0_100,| I | a=4,(ljm=0_0[]1 A
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@ m» Extracted UCN: spatial distribution

preliminary
1.0
1
]
c
>
o)
o
S produced UCN
N 054 4  extracted UCN
g T Puen(z.H=13cm)
§ — PUCN (z, H=13 cm) x EXP(- (13 cm - 2) / 1.61 cm)
- Exp(-(13cm-2)/1.61cm)
0.0 ke T - T

01 2 3 4 5 6 7 8 9 10 11 12 13

vertical position in sD, (cm)

isotropic scattering o = 63 barn
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(5 Implications for a sD, UCN source at ESS

measurements at PSI UCN source confirm that with
2 cm sD, compartment 50 % extraction is achievable

cooling system must be designed such that
— slow freezing and cooling are possible
— keep sD, temperature at low temperature
during operation

PSI: approx. 450 Watt at 5 K

geometry that allows for large sD, surface can
optimize the volume-integrated UCN yield

PSI: 1600 cm?

Be Reflector

possible surface effects should be studied (ESS horizontal

extraction vs. PSI/LANL/NCSU vertical extraction) Thanks for your sttention!
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