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1. Introduction/Motivation 5 UCN transport 81mulatlon

‘ What are ultracold neutrons?
Ekm UCN < 300 DGV @ Ade Broglie ™~ 500 A

Interactions with nuclei in a solid lead to a material

* UCN behave like a very dilute gas with

mainly elastic & specular wall reflections

specific eftective optical potential Vi (FFermi 1936) coolant and

If Einucn < Vi, the UCN will be totally reflected deuterium
from surfaces for all angles of incidence | connection
UCN can be stored in material B\

bottles for hundred of seconds [1] W olid State

UCN lattice
What are they used for?
UCN are used in experiments that benefit greatly from long

and are strongly affected by gravity
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measurement times. The n2EDM experiment [2] at the Paul

Scherrer Institut (PSI) will search for a permanent electric Paraboli¢™
UCN

ay ....'...?ra‘j eCtOry

dipole moment of the neutron, which could reveal a new

source of CP violation and help to answer tundamental

Transmission between sD, and beamline exit (%)

questions In baryogenesis. As experiments using UCNs
are limited by statistics, it is an ongoing effort to
increase the UCN output of the PSI UCN source.

2. UCN production at PSI
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6. Optimization of the D,
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UCN "'?( e s s @ = freezing procedure
(< 300meV) g 848 3 3 Conversion =
'\\\ PPO'HO'HS' (down-scattering e » * Studies of small sD, samples revealed
O {l)) t)s 8 8 by Phoflon § ......... more defects when rapidly cooled
Cold s ' Lid D excltation) = o _ I
neutrons / SOl 2 8 % : w OV\{
(~10 meV) $ 'K -8 0-8 -0 @ > I cooling | Feing” cooling
\ Moderation ' 4
Fletmal nentcons in solid D, — D ¥
(~25meV) @ - ‘ . . o, . 17580

@ * - > el |+ Controlled slow freezing and cooling
Moderation ” \ : ' of deuterium at the PSI UCN source

: UCN output during slow freezing process of 850g of deuterium
In heavy ‘ - | | 14
W at er - | 650 sD, prepared by /— 1.3

~ 600 |standard procedure UCN output increased |] 12 —

550 | by approximately 35% |{ 1.1 9
500 - | 1073
450 - 09 3
400 - Tl 0.8

~ 8 fast neutrons ‘ N

Pressure in the Converter (mbar)

per proton
(~1MeV) Y, T§, ... 350 - g ® Jor®©
‘ : Cooling £ 1. . ©
| | _ 4 o —c sl the liquid i =
f ‘ 1) . e —— 250 - 0.5 =
. : A\ S U W e R 200 - Solidification /¢ 0.4 2
Spallation of it 150 - T ?M fos
. W\ ' Cooling 0.2
a lead nucleus | - wssiol? . -
500 M eV protons S ! | T \wthe solid Jo.
~1.4-10%ps~ \ e sV g “ =

3. The challenge- UCN extraction 9 — - 7. Measurement of UCN output as a

£ | function of deuterium content
longer extraction times exceeding the lifetime nu

* We work towards optimizing the UCN Hehum
extraction with in-situ improvements or a : E coohng

* Lifetime in sD, limited to ~30 ms [3]
» Elastic scattering on structural defects in the
sD, (can be caused by thermal stress) can lead to

* [dea: |Low sD, content| increase . [Study extraction

—

Negligible losses| sD, content [efticiency &gy

* Used data from both beamports with different
transmissions E¢-qns to normalize for changing

proton beam parameters, neutron flux ¢ and

botential upgrade of the converter desig in_/outlet macroscopic UCN production cross section X

i N
) d¢
- : 13 cm Nocn Wsp) = Tyuase | @ [ dE Q2 (By) T2 (Vi) Eurans (B) €ene ()
4. Simulation of thermal/cold flux L. Al AR
tandard \ L, /
. sD2 mass (Q)
* MCNP6 [4] , SediES ey eration 0 »171 343 514 686 857 1029 1200 4l
d t - i : 7)(106 ' ' i i ! ' i ' i | 44
wds use O € * HH  West-1 UCN counts &
. U 81 .
a \ H4 West-2 UCN counts (scaled by count ratio at 0.14cm)
simulate the % 7 = e t -+ Ratio West-1 / West-2 i
Spallation o4 = \ ---- 3-parameter fit with analytical extraction model
T, £ 5x106° - % 0
process and o - . 5 t - | S
: Lo \ 38 O
moderation [5] Thermal flux (10meV<E<1eV) 2 4x10°; \.} B 7 /A change in the ratio\ b
12 % \\\ of UCN counts at S
COld neutron Elo o 3X10° - “ T |  West-1 and West-2 S
. . . v 8 = AN el - indicates a change in Z
:‘ S . 34 O
distribution 2 6 S oo L H the energy-dependent S
and Speetrurn E 2 6 :\‘%\ \extraction efﬁciency/ i
required as : = 1x10°- : s S
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input to Radiusfem} ¢ IS R 00 || (| {1 T
investigate UCN production and extraction 00 05 L0 1e 20 2 e T i

sD2 height (cm)
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