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- Ultra cold neutrons

Definition:
« free neutron that undergo reflection under any angle of incidence
« free neutron that can be stored in material containers

Materiaux Vi (neV) | n (capture) -'T. _
DLC ~300 ~3 x 1077 _ -
Béryllium 250 5.4 % 1077 - p '
Tuox 316 8| 2x10° G
Teflon 124 Tx 1077 o oy
Deutérium solide 107 4% 107" '
Graisse Fomblin 106 6.4 % 1077
Aluminium 54 3.7x 107
Superfluide 4He 18.8 0
Polyethylene -9.2 /
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- Principle of an accumulation helium source

P : (volumetric) production rate of UCN
T : losses time constant

pucn = Pt

Production of UCN in superfluid “He
 Single scattering

* Non thermal equilibrium

» Resonance cross-section
 Vanishing loss cross-section
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- Principle of an accumulation helium source

P : (volumetric) production rate of UCN

Pucy = Pt i
T . losses time constant
4 free neutron superfluid helium
dispersion dispersion
Production of UCN in superfluid “He SY “rotons”
 Single scattering =1

* Non thermal equilibrium
» Resonance cross-section
 Vanishing loss cross-section

k*

wavenumber k
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P : (volumetric) production rate of UCN
T : losses time constant

Production of UCN in superfluid “He @ ® P 1
« Single scattering —
«  Non thermal equilibrium J C\L 1T
 Resonance cross-section J 9 _ \
* Vanishing loss cross-section ® ® ©
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Principle of an accumulation helium source

|

P : (volumetric) production rate of UCN
T : losses time constant

Pucn = Pt

Production of UCN in superfluid “He ® ) _ I
« Single scattering ) Q
* Non thermal equilibrium
» Resonance cross-section
 Vanishing loss cross-section
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(a) 100-L liquid helium bath,
(b) needle valve,
(c) 1-K pot,
(d) “He superleak,
(e) 2He pumping column,
—~- 300 K vacuum vessel (f) 3He impedance,
-- 40 K screen (g) 3He/*He heat exchanger
—-- 4 K screen (h) UCN box,
(i) conversion volume at 0.6 K,
() two beryllium windows,

1
|

|

|

I (k) UCN extraction system,
| () UCN valve,

| 1 - (m) superconducting magnet for phase Il
| | | 1(n) the 4-K cryostat

L

i - Conversion system | " |
_

= m E. Chanel et al. INR, pre-press,

02/11/2022

pp. 1-11, 2022
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(a) 100-L liquid helium bath,
(b) needle valve,
(c) 1-K pot,
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|| _____ a—— —~- 300 K vacuum vessel
| -- 40 K screen
l -- 4 K screen

e —— — ————
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~ Optimisation of SuperSUN

P : (volumetric) production rate of UCN

= Pt :
Pucn 1 : losses time constant

Optimizing the production UCNSs

 Direct primary cold neutron beam
 Transition from rectangular to cylindrical
 Guiding cold neutrons inside conversion volume
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~ Optimisation of SuperSUN

P : (volumetric) production rate of UCN ILL22
— PT . SuperSUN
Pucn 7 : losses time constant
H3Z3 Output Spectrum .
4}_{ 103 Simulation Adjusted to Measurements of 12/2015 InC|dent COId neutron ﬂux il
8.812-8.917 A~ 0.7% @ ~ 2x10%0 n/(cm?s)
Guides
£ « m=1.2 and m=2.5
g ¢ XS: 60 x 120 mm? ¥
g INI-LAGRANGE ;4’,’” ¥
% PNI1 ( 7 | '\. ™ :
= ‘ o
(G#3 ; ILL5
TENIS | ‘ “ |EVE| C
1I0 1I5 ----- o0 o5 ngo INe DI IN20
Wavelength (angstroms) e
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P . (volumetric) production rate of UCN
T . losses time constant

Optimizing the production UCNs = S_ DH

- -
< v?

pucy = Pt

S. Degenkolb, M. Kreuz, O. Zimmer, JNR 20(4) 117-122, 2018 _”
y [
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~ Optimisation of SuperSUN

P . (volumetric) production rate of UCN
T . losses time constant
Optimizing the production UCNs

Pucn = Pt

S. Degenkolb, M. Kreuz, O. Zimmer, JNR 20(4) 117-122, 2018
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P : (volumetric) production rate of UCN

Pucy = Pt )
T : losses time constant
Optimizing the production UCNs = S_ D H

85% of the 8.9 A can be dellvered to SuperSUN

S. Degenkolb, M. Kreuz, O. Zimmer, JNR 20(4) 117-122, 2018 _”
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Optimisation of SuperSUN

P . (volumetric) production rate of UCN i
1 : losses time constant === S-DH E

Optimizing the production UCNs

pucy = Pt

 Direct primary cold neutron beam
 Transition from rectangular to cylindrical
 Guiding cold neutrons inside conversion volume
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~ Optimisation of SuperSUN

P : (volumetric) production rate of UCN
7 : losses time constant

Pucn = Pt

Optimizing the losses time constant

-1 _ —1 -1 -1 -1, ...
T = Tops3ge T Tup T Twau T+ 7~ T
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~ Optimisation of SuperSUN

P : (volumetric) production rate of UCN
7 : losses time constant

Pucn = Pt

Optimizing the losses time constant

-1 _ -1 -1 -1 -1, ...
T = Tops3ge T Tup T Twau T+ 7~ T
. -1 : ) 4 : —
Tps 3ye- USE Ultra-pure “He, for which ¢,=0 barn

-
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Pucn = PT .
t : losses time constant

Optimizing the losses time constant

— 1 _ _ _1
T = = Tabs 3He + Tul} + TW:Cllll + g + e
. abls3He use ultra-pure 4He, for which c,=0 barn
) _1 . —1 (T[ —_ 1
Tup At 0.6 K, 7 = 100[ = (3600 s)'«1p
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P : (volumetric) production rate of UCN
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Optimisation of SuperSUN

P : (volumetric) production rate of UCN
7 : losses time constant

Pucn = Pt

Optimizing the losses time constant

-1 _ -1 -1 -1 -1, ...
T = T,ps 3He + Tup + Tyau T g +

T .. 3, Use ultra-pure “He, for which 5,=0 barn

. Tyl at06K, 1y Jf;)[O[ = (3600 s}«

T4y . long storage time material (Cytop) and magnetic trap (Octupole)

T. Neulinger, et al. Eur. Phys. J. A 58, 141 (2022) V7 /
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SuperSUN phase I

P : (volumetric) production rate of UCN
7 : losses time constant

Pucn = Pt

UCN extraction guide

Storage:
: L . 2.1T gradient field
E—— e Adiabaticity:

..) Superfluid *He converter < Neutronb 50 mT fleld
o\_& at z
O.,\O W ﬁ
Current bars of

UCN valve
multipole magnet Beam window

PHYSICAL REVIEW C 92, 015501 (2015) Y/ / &
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~ SuperSUN phase I

P : (volumetric) production rate of UCN
7 : losses time constant

Pucn = Pt

Storage:
2.1T gradient field
Adiabaticity:
50 mT field
i bty R r
M, Thomas s A S, .
o MANELYTT ENERGY
PHYSICAL REVIEW C 92, 015501 (2015) Y-/
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ﬁ\}’i PanEDM: a neutron EDM experiment

Expected characteristics [t R g8 | .
Peak spectrum: 80 neV \37 = ® TG
Internal saturated density B d Y

extrapolated from SUN2: g harsyN PanEDM MSR PanEDM clean room
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H=—uy -B—d o-E Measure the precession frequency in
M, O "0 - i
{} a known electric and magnetic field
CP violation
{} Sensitivity equation
h
Probing BSM and strong sector of SM San = 2 aT E~N A
H: Hamiltonian Sq,. statistical sensitivity '
Uy magnetic dipole moment T: interaction time
B: magnetic field h: reduced Plank constant
d,:  electric dipole moment a: visibility
E: electric field N: number of UCN counted
o neutron spin
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.~ PanEDM: a neutron EDM experiment

PanEDM Magnetic and RF Shielding

Statistical sensitivity:

1: UCN cells 5: inner shields (3)

2: vacuum chamber 6: outer MSR (2+1) SuperSUN Phase I

. Zly\llir:giieg;lloghield 7 MS doer Saturated source
density [cm™] 330 _
Diluted density [cm™] 63 ) eg?ec;'on
Density in cells [cm™] 3.9
PanEDM Sensitivity [1o, ¢ cm]
Per run 55%x107%
Per day 3.8%107%
Per 100 days 3.8x 1077

More details, including phase II:

EPJ Web of Conferences 219, 02006 (2019)
https://doi.org/10.1051/epjconf/201921902006

Extrapolated from saturated density of SUN2 V7§
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H523 (as simulated using McStas)

\ SuperSUN Instrument Zone

0.
N X ‘%’for”ew guide: ~ 9.7m

yi[m]

curved guide H523 EE\Q}Y\
(m=1.2, R=800m, 60x120mm?) 1
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More components

| el

Beam stop Beryllium window | Apertures
(/|
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UCN extraction

Thermalizing copper
Black velvet
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Special Article - New Tools and Techniques

Ultracold neutron storage in a bottle coated with the
fluoropolymer CYTOP
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THE EUROPEAN NEUTRON SOURCE

Abstract The fluoropolymer CYTOP was investigated in
order to evaluate its suitability as a coating material for ultra-
cold neutron (UCN) storage vessels. Using neutron reflec-
tometry on CYTOP-coated silicon wafers, its neutron opti-
cal potential was measured to be 115.2(2) neV. UCN slorage
measurements were carried out in a 3.81 CYTOP-coated alu-
minum bottle, in which the storage time constant was found
to increase from 311(9) s at room temperature to 564(7) s
slightly above 10 K. By combining experimental storage
data with simulations of the UCN source, the neutron loss
factor of CYTOP is estimated to decrease from 1.1(1)x 104
to 2.7(2)x10_5 at these temperatures, respectively. These
results are of particular importance to the next-generation
superthermal UCN source SuperSUN, currently under con-
struction at the Institut Laue-Langevin, for which CYTOP is
a possible top-surface coating in the UCN production vol-
ume.
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~ SuperSUN cryogenic test

3001 —— Convertor volume
600 —— V33.=19.7L
250 —
Start of the E 580 Vige =9.2L /
— 200 cold heads —_—
2 v
% 150 Liguid helium - 3 560
g cooling o
& 100 S 540
5
50 " 520,
0 0.56 K . . . . | |
. - i = 0 20 40 60 80 100
time [h] Heat load [mMW]
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PanEDM phase |

g 5 | %&H High voltages
—— 6-@' field 20 kv/cm
Y Magnetic field
| Ly <l I\ By shielding factor at 1 mHz ~ 6x106
ej\\| & YN o 1)) ® magnetometers resolution ~ few-fT
B B,| 1.3 uT
“V“[ ES—p ] Statistics
" /ﬁ/’/ “““““““““““““““““““““““ \ \\\ , polarization 0.8
LI/ St || N || St [N ) g_, double chambers with 3.9 UCN/cm?®
) *x 7 free precession time 250 s

At Expected sensitivity (100 days) 3.8 x 107%7

| Hgé’ﬁ
c
Fiber Cs

EPJ Web of Conferences 219, 02006 (2019)
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