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Introduction

Ultra-cold neutrons

Superthermal sources

Superthermal sources, Golub and Pendiebury 1975

Inelastic downscattering of cold neutrons (CN) into the UCN
regime by one excitation of phonons and suppression of
upscattering by cooling the converter
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Ultra-cold neutrons

Superthermal sources

Superthermal sources, Golub and Pendiebury 1975

Inelastic downscattering of cold neutrons (CN) into the UCN
regime by one excitation of phonons and suppression of
upscattering by cooling the converter

Superconducting Pb shield

superfluid helium
NIST, Cryo-EDM, ILL, PNPI,
KEK

Superthermal UCN source

Storage cells
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Theoretical background
UCN production in pressurized superfluid helium Experiment at PF1b

UCN production in superfluid helium

inelastic neutron scattering

inelastic scattering

double differential cross section

dx LK
dEgn - NS )

Target(Helium)

< Ph. Schmidt-Wellenburg (PSW)
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UCN production in superfluid helium

inelastic neutron scattering
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double differential cross section
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@ scattering function S(q,/w)
describes system dynamics
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UCN production in superfluid helium

inelastic neutron scattering

UCN production in pressurized superfluid helium

inelastic scattering

double differential cross section

dx k'

- @ - 27
gEdq — e 5(a, hw)

Target(Helium) 3 '.‘

@ scattering function S(q,/w)
describes system dynamics

< Ph. Schmidt-Wellenburg (PSW)
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UCN production in superfluid helium

dispersion relation of He-Il and production rate

Single excitation spectrum
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UCN production in superfluid helium

dispersion relation of He-Il and production rate

Single excitation spectrum
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UCN production in superfluid helium

dispersion relation of He-Il and production rate

Single excitation

multiphonons @ 10 bar and 0.5 K
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Theoretical background
Experiment at PF1b

UCN production in pressurized superfluid helium

UCN production in pressurized superfluid helium

calculation single phonon contribution
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UCN production in pressurized superfluid helium

UCN production in pressurized superfluid helium

calculation single phonon contribution

calculation single phonon contribution
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@ helium density N increases
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UCN production in pressurized superfluid helium

UCN production in pressurized superfluid helium

calculation single phonon contribution

calculation single phonon contribution
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@ helium density N increases
o (3 decreases (1.42 — 1.21)

PSW, Thesis (2009), TUM
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UCN production in pressurized superfluid helium

UCN production in pressurized superfluid helium

calculation single phonon contribution

calculation single phonon contribution
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UCN production in pressurized superfluid helium

calculation single phonon contribution

calculation single phonon contribution

P; oc NA**35*

SVP to 20 bar

P 20bar = P1.svp - 0.41

Ey(Q) (meV)

SVP
+ 5 bars
10 bars
+ 20 bars

s i J
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@ helium density N increases
Wavevector Q (A”")

o (3 decreases (1.42 — 1.21)
o \* decreases (8.92 A— 8.26 A) PSW, Thesis (2009), TUM
@ S* decreases (0.118(8) — 0.066(7))
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UCN production in pressurized superfluid helium

calculation multiphonon contribution

Production from multiphonons

Pu(Ve) _ T h?  do
Y 3muAS dA;

)\ S//(/\)

PSW, Thesis (2009), TUM
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UCN production in pressurized superfluid helium

calculation multiphonon contribution

Production from multiphonons

Pu(Ve) _ T h?  do
Y 3muAS dA;
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— numerical calculations
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UCN production in pressurized superfluid helium

calculation multiphonon contribution

Production from multiphonons

Pu(Ve) _ T h?  do
Y 3muAS dA;
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integral depends on shape of incident
cold neutron spectrum
— numerical calculations
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calculated production rate for PF1b:
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Experimental setup
Cryostat

prototype cryostat with modified
Al volume
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UCN production in pressurized superfluid helium

Experimental setup
Cryostat

prototype cryostat with modified
Al volume

@ pressure resistant (< 50 bar)

Martin Fertl

Theoretical background
Experiment at PF1b

PSW

Wavelength dependent UCN production in pressurized sf-He



Theoretical background
UCN production in pressurized superfluid helium Experiment at PF1b

Experimental setup
Cryostat

prototype cryostat with modified
Al volume

@ pressure resistant (< 50 bar)

@ Ni coated central piece and
2 Ni end caps

PSW
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Experimental setup
Cryostat

prototype cryostat with modified
Al volume

@ pressure resistant (< 50 bar)

@ Ni coated central piece and
2 Ni end caps

@ no UCN valve, 100 um Al
extraction window
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Experimental setup

Infrastructure

e velocity selector (3.5 A— 9.7 A)

fast
electronics

PSW
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Experimental setup

Infrastructure

e velocity selector (3.5 A— 9.7 A)

@ fast cold neutron shutter

fast
electronics

PSW
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Experimental setup

Infrastructure

e velocity selector (3.5 A— 9.7 A)
@ fast cold neutron shutter

o time of flight

PSW
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Measurement results

Measurement scheme

@ wavelength scans for 5 pressures: SVP, 5, 11, 16 and 20 bar
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Measurement results

Measurement scheme

@ wavelength scans for 5 pressures: SVP, 5, 11, 16 and 20 bar
@ temperature range: 1.08 K < T < 1.12 K, stability < 0.02 K
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Measurement results

Measurement scheme

@ wavelength scans for 5 pressures: SVP, 5, 11, 16 and 20 bar
@ temperature range: 1.08 K < T < 1.12 K, stability < 0.02 K

@ several control measurements at SVP
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Measurement results

Measurement scheme

@ wavelength scans for 5 pressures: SVP, 5, 11, 16 and 20 bar
@ temperature range: 1.08 K < T < 1.12 K, stability < 0.02 K

@ several control measurements at SVP

measuring time for 1 point: 70 s =
@ 10 s CN shutter closed E
@ 40 s CN shutter open g
@ 20 s CN shutter closed
time [s]
PSW
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Measurement results
Time of flight

1500

2000
_— 2500
g 2000 @ selector speed « neutron
% 1500 wavelength
. @ CN spectrum in

0 converter volume

o
Wavelength [A]

PSW

Martin Fertl Wavelength dependent UCN production in pressurized sf-He



Theoretical background
UCN production in pressurized superfluid helium Experiment at PF1b

Measurement results

temporal decrease of UCN count rate
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Measurement results
temporal decrease of UCN count rate
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Measurement results
UCN Production rate
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Measurement results
UCN Production rate
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Measurement results
UCN Production rate
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Measurement results
UCN Production rate
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Measurement results

Comparison with theory
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Measurement results
Comparison with theory
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Measurement results

Comparison with theory
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Measurement results

Comparison with theory
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Measurement results
Comparison with theory
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Measurement results
Implication for further He-l1l UCN sources

Saturated vapor pressure is best suited for He-Il UCN sources at a
8.9 A neutron beam
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Measurement results
Implication for further He-l1l UCN sources

Saturated vapor pressure is best suited for He-Il UCN sources at a
8.9 A neutron beam J

@ application of pressure reduces the total UCN production rate
at a typical cold beam
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Measurement results
Implication for further He-l1l UCN sources

Saturated vapor pressure is best suited for He-Il UCN sources at a
8.9 A neutron beam J

@ application of pressure reduces the total UCN production rate
at a typical cold beam

@ windowless UCN extraction remains possible
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Measurement results
Implication for further He-l1l UCN sources

Saturated vapor pressure is best suited for He-Il UCN sources at a
8.9 A neutron beam J

@ application of pressure reduces the total UCN production rate
at a typical cold beam

@ windowless UCN extraction remains possible

@ no need for an enforced pressure volume

Martin Fertl Wavelength dependent UCN production in pressurized sf-He



	Introduction
	UCN production in pressurized superfluid helium
	Theoretical background
	Experiment at PF1b


