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(={J=» Outline of the talk

* PSI UCN Source overview
— Moderation and UCN production in
solid deuterium

* UCN extraction from solid deuterium
— Surface effects
— Bulk effects

 Solid deuterium preparation ‘ ‘ v
— Freezing lar mounts of : , 8
-g e . > ; L - ] s g2 —= UCN source|
deuterium at the triple point ' ,

e n2edm
— Cooling deuterium to 5 Kelvin 7% :
EXperiment
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= PSI UCN source overview

/L. Conversion to ultracold neutrons by phonon
excitation in solid deuterium at 5 Kelvin

= . Cold neutron flux

, ' £
| | from moderation £
| / in solid deuterium =
' % 5 10 15 20
. . Radius (cm)
L e SO > NJEDN MCNP 6 simulation
[Benchmarked: H.Becker et. 15 20 25 30

al.,NIM A 777 (2015) 20-27] Neutron flux density [10™3 n cm~2 proton~!]

2. Premoderation in heavy water
thermalizes neutrons at room temperature

1. HIPA beam on Pb spallation target (up to 8s)
produces ~8 free neutrons per proton
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Surface frost effect

1. Heating during proton beam pulse

2. Sublimation of deuterium vapor from the surface

3. Deposition and formation of surface frost
after the proton beam pulse

4. Albedo reflection of UCN on frost layers reduce

the extraction efficiency

PSI UCN source: Conditioning procedure with
reduced cooling and the use of
heater elements on moderator
top lid restores the UCN output.

= UCN extraction from solid deuterium

Picture of sD2 surface frost after heat
pulsing at the NCSU UCN source

A. Anghel et. al, Solid deuterium surface degradation at
ultracold neutron sources, Eur. Phys. J. A (2018) 54: 148
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= UCN extraction from solid deuterium
Bulk effects

-14K/hour

e UCN lifetime in solid deuterium is limited due to
up-scattering and neutron absorption
—> Control temperature, isotopic and isomeric purity

* Freezing deuterium fast produces a polycrystalline | ‘ | | s
Structu re Of bad qua“ty [P.Clark Souers, Hydrogen
properties for Fusion energy,
1985] %08
* Cooling solid deuterium from the triple point to 5 . Molar volume of 204
solid deuterium T.P.

Kelvin causes a significant volume contraction
— Thermal stress shatters crystal

0 5 10 15 20
PSI UCN source: = 22’000 cm?3 solid deuterium Temperature (K)
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Bulk effects

We performed measurements and
UCN transport simulations to
deduce the solid deuterium “crystal
quality” and the impact on UCN
extraction at the PSI UCN source.
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UCN (counts/s/cycle)
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Probing the energy dependence of UCN
extraction from sD2 by comparison of
UCN velocity spectra measured during
different source conditions.

100 “JCombined data of 366 cycles

18s proton beam pulses
qFrametime: 496ms

|Chopper opening time: 8ms / ¢
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Deuterium phase change

Improvements in the stability of the helium cooling
system allowed to perform the following analysis.

Freezing - Aug 2020

Tparp ~ 18.7K
( — QHe(t) - Qexternal
= Running average
3
Excess helium cooling
power needed to remove
24 latent heat from deuterium

Excess cooling power (Watt)

phase change

213 kJ
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T T
22 Aug 23 Aug

Date / Time

helium cooling power

. Toutlet ]
Qe = f m Cp(T)dT
/ Tintet
Tinlet Toutlet

helium mass flow
m = 1.7 g/s at 4bar

external heat

input Qext \

D2

sD2
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Deuterium phase change - comparison

Fast freezing - Sept 2020

200 -I+TP
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Dissipated excess heat (kJ)

Freeze as
250 A fast as
1 possible

Slow freeze
attempt 1

D2 latent heat

Slow freeze
attempt 2

[P.Clark Souers, Hydrogen properties for Fusion energy, 1985]
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sD2 temperature (Kelvin)
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(- J=» Deuterium cooling - comparison

sD2 vapor pressure €< sD2 temperature <> sD2 molar volume
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(={)» UCN output and conclusions

e UCN output:  slow procedure = 2x fast procedure
slow procedure = +(10-20)% standard procedure

 New record UCN output during benchmark 2s pulse
(normalized to same operation parameters)
directly after startup of the source after yearly shutdown

* Helium cooling system stability, control and experience improved

e PSI UCN source ready to deliver a high UCN intensity
for the upcoming n2EDM experiment
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Ultracold neutrons (UCNs) are key for precision studies of fundamental parameters of the neutron and in
searches for new charge-parity-violating processes or exotic interactions beyond the Standard Model of particle
physics. The most prominent example is the search for a permanent electric-dipole moment of the neutron
(nEDM). We have performed an experimental comparison of the leading UCN sources currently operating. We
have used a ““standard” UCN storage bottle with a volume of 32 liters, comparable in size to nEDM experiments,
which allows us to compare the UCN density available at a given beam port.

TABLE X. PSI results: Net UCN counts in 2 s storage measure-
ments, subtracted UCN leakage counts, and determined UCN density.

Height  Extr. Net UCN Subtracted Density
(mm) counts leakage counts  (UCN/cm®)
0 Horiz. 510 687(1320) 15 531(125) 15.5(1)

0 Vert. 523 977(5198) 16 625(129) 15.8(2)
500 Horiz. 505 138(711) 41 345(203) 14.5(1)
500 Vert. 767 268(925) 66 466(258)

oo —

[{J=» UCN density in stainless steel storage bottle

i

2nd
beamline
shutter

FIG. 23. PSI area West-1: Setup with additional stainless-steel
guide section leading to the storage bottle mounted half a meter
above the beam port with horizontal extraction to the detector.

including improvments since 2016:

34 UCN/cm?3
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= Yearly UCN output at the PSI UCN source

Number of measured UCN at beamport West-2 per cycle

2019

* UCN output increases as ey | 2 October December
(radiation induced conversion) 1.4x10° - \\\
. . §1.2x106— ;s ’
* Solid deutrium structure also seems to 5 &
. . o
improve due to temperature cycling 1.0x10° -
8.0x10°
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(={J=» High Intensity Proton Accelerator

* 590 MeV protons
e 2.4 mA maximum
beam current

—» 1.4 MW

X R P
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