Status of the PSI ultracold neutron source
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gu Two storage flaps close to confine
- the UCN in the storage volume
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A Conversion to UCN by phonon

. neutrons at room ternperature

excitation in solid deuterium

l“‘”e.:;:_,:. SOhd
Cold neutron flux from deuterium|

moderation in solid deuterium at S

Kelvin

Moderation in heavy water thermalizes

. HIPA beam on Pb spallation target (up to 8s)

produces ~8 free neutrons per proton
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UCN opertion and output improvement

UCN Operation Statistics
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UCN Operation Statistics

40000
140 Il oroton charge (left scale)
130 HMno.of puise
1204
1104 I 30000
100 »
90 3
80 3
[- 20000 &
70 5
60 5
o
50 <
40 I 10000
30
10 I
o1l

2011'2012'2013'2014'2015'2016 2017 201872019' 2020 2021' 2022
year

UCN Counts
every 300 seconds
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S mmg
Sublimation: Frost deposition: Albedo reflection:
Heat deposition during After the proton beam pulse the Frost layer causes Albedo reflection
proton beam pulse D2 vapor is deposited on the cold of UCN back into the sD2 bulk where
causes sublimation sD2 surface and forms an they are lost due to upscattering and
of D2 vapor opaque frost layer absorption
Eur. Phys. J. A (2018) 54: 148
Vacuum
Ve=0 neV
Frost layers
Ve=102 neV
Bulk of solid
deuterium
Ve=102 neV
58Ni coating
Vi =350 neV

conditioning procedure - 'surface heating' - regains full UCN output
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sD, conditioning procedure E n€w§
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A regular conditioning procedure anneals the sD2 surface and recovers UCN output
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Conditioning:

Stop proton beam pulses
Decrease cooling power
Turn on heating elements on
moderator vessel for
approx. 2 hours

2 hours / 24 hours = 8% of the
time no UCN production
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sD, conditioning procedure m“nms

,,,,,,,,,,

The new conditioning procedure
recovers the UCN output just as
the standard conditioning for all
cases investigated until now

Estimated gain on average UCN
output: = 20%

- important for n2ZEDM
statistics

Relative UCN counts
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- UCN mean energy measurement
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The European Physical Journal volume 59 - number 9 - september - 2023

; A

3

Z @ Recognized by Eurapean Physical Soclety
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g Hadrons and Nuclei
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s at the PSI UCN sour 0 4 ] I I |Ea n
NifMo 85/15 U. 3 —
coated glass guide [

@ Springer

chopper opened/closed
the beamline
continuously at 2 Hz
(0.5 s long frames)

record time of flight
spectrum in each
frame after the start
of proton beam pulse

o
o

time of flight (s)
o
MJ

\ unstorable neutrons arrive

at the beamport during and
shortly after the p-pulse

O
o
1
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- UCN source calibration
- UCN transport

- neutron production
- UCN production
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UCN transport efficiency
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MCUCN simulation
parameters scanned
in wide range

Talk by Geza Zsigmond

G. Bison et. al., Eur. Phys. J. A 56, 33 (2020)
G. Bison et. al., Eur. Phys. J. A. 58,103 (2022)
G. Bison et. al., EPJ A 59, 215 (2023)
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H. Becker et. al.,, NIM A 777 (2015)

use thermal neutron spectrum from
heavy water moderator

(..; — -/- Insertion tube
S d
. . . . . . 7____17/
MCNP simulation of thermal flux ... ... confirmed by gold foil activation k§=___,; f
2 10t T k:: —':),/f @ UCN tank
% 6 1 ! L 'm;asllrer:lenx'hei:gh(‘pmvﬁle'(l-;s), &\:_._// f i
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dJT_E} UCN losses in sD, -> thin films

during operation
<1 % due to
radiation induced
para-to-ortho
conversion

1 -1
T = ; [Cpa.ra Epa.ra + Ephonon + Eea;bs,Dg + cHD Eabs,HD]

[1+1+1+1]—1
~ Lh6ms 168 ms 146 ms 269 ms

= 291ms

‘ eext(E) ~ 1
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G.Bison et al., Phys.Rev.C 107 (2023) 035701
start with empty sD, vessel (< 0.01 mol D,)

— D, tanks
fill with known amount of D, vapor filled with 18.5 mol T&mgmr—=—=—=—=—=——-~ i
. . . h
(£ 0.1 mol) by monitoring condensation D, vapor *..JI
vessel pressure and measure UCN output !
Condensation = |
Vessel i
6x10* ~— |
= T 1
] ¢ UCN yield per pulse ,'8 |eSS than 1 mm H ﬂ{é EF—OT i
] T : .7 . . I
10 Linear fit N sD, thin film ! - :
w E %Qc_, . F - 4_ L —————————————————— J
o ; S\
0 4x10% N -
o ; b«x’ e
= N _
‘g’ 3x10° 4 L% lid vertical
1 e Soll
) ] q ] UCN
4 4 - .
5 2 o’ measured UCN yield Rum B | cuide
] ] L7 : -3 -3 _~—1 ‘
1x10° o (33.3£0.2) x 1072 em ™ nC
1o Qorexs3y/asos
O ] T T T T T T T T T T T T T T T T T T T
0 5 10 15 20
spallation
sD, (mol) P .
target —
Simulated UCN yield diffuse boost perpendicular 7
(10 em ™ pC™1) A B ¢ D D -3
from base 36.3 34.6 29.8 | 48.3 - T A
from side walls 325 324 333 - 30.3 . .
combined 341 333 310 37.7 . Riendcker DISS. ETH NO. 28498 Nov. 2023
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- Cold moderation
- UCN extraction from sDZ2

|. Rienacker DISS. ETH NO. 28498
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same MCNP model as verified by gold foil activation measurement

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

W. Bernnat et. al., J. Nuc. Sci. Tech. 39, 124-127
corresponding to D2 masses of up to 5kg

sD, filling

level AP 1 dcp
13.0 cm—_| —=(h) = A [wh ﬁ(h,r) dV(r)E

preliminary E

3.21cm

2.48 cm%_

1.90 cm Sy o

0.87 M | gt e
0.58 cm —#= e

044 cm—A""

)
g g total
52 107 IKE kernel
v 8 inelastic
)

0 ——— —————rT
10° 10! 102
energy (meV)

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

downscattering rate (cm™ pC?)

150

100

0

similar results within uncertainties (=20%)
with coherent scattering model
(C.-Y. Liu et. al., arXiv:1005.1016 (2010))

sD, filling level
13.0cm
3.21cm
248 cm
1.90cm
0.87 cm
0.58 cm
0.44 cm

erOoABYE

dR o do d?(h®)
1o = [ G () G
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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ﬁ} Measure extraction efficiency

PSI UCN source

13800 uC on target per pulse F;re“mmary
34 4 simulation

] = measured /

" /

o ¢ slow freeze/cool

@ lines: polynomial fits

- 2] /

g ] Y

£ .

. -]
50 % extraction from 3 ! / .

2 cm sD, converter 7 S
. . ] a7 e
is achievable ... o e

100_\ preliminary

... but requires slow
freezing / cooling

extraction (%)

measured / simulated

+ slow freeze/cool
10 | |

1 2 3 4

sD, filling level (cm)
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Extracted UCN

normalized counts

preliminary

1.0 4

0.5 1

— PUCN (z, H=13 cm) x EXP(- (13 cm -2} /1.61cm)

I — — Exp(-13em-2)/1.61cm) _ ?

0.0

produced UCN
A extracted UCN

PUCN (z,H=13 cm)

o1 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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- Project EZE UCN

(EZE - Replacement of central deuterium unit)
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PSI/ NUM department project 2023 - 2027

we have to solve 2 ongoing problems
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Production pulse measured at West-1 beamport
L L L L L
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reduction
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small cold leak

_)

new sD2 vessel
with different lid

1 i 1 i 1 i 1 n 1 L 1
10 A Window foil - West-2 | [
| (0-5 layers)
exp. fit
. m Lid - on West-2 L
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C 1 s
.8
U) s
£ 0.6- =
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©
= 0.4 -
=z 044 =
O 4 (]
2 .
4 Lid
0.2 5 -
G. Bison et. al., Eur. Phys. J. A 56, 33 (2020) |
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Summary & Outlook o 7Dy

LPsC

- Operation with n2EDM baseline setup up to end of 2026
- Replacement of Central unit 2027

- PSI accelerator shutdown due to upgrade within the IMPACT project,
currently planned to end in mid 2028

- HIPA proton beam current regularly (already approved) at 2.4mA and
upgrade to 3mA in discussion

- Restart of UCN with improved UCN output serving an upgraded n2EDM
experiment in the 'Magic field phase' towards ~5x10-%% e-cm sensitivity.
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- Thanks for your attention

- Thanks for many slides go to Ingo Riendacker - PhD 2023
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