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Location =

e Paul Scherrer Institut e 2.2 mA beam current
e 590 MeV proton accelerator e UCN source: 1% duty cycle
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The UCN source at PSI —

6m
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u ke

. PSI proton beam, up to 8s pulses
spallation target (Pb)
D>0 vessel

30dm?3 solid D, moderator

~2m?3 source UCN storage vessel,
coating: diamond-like carbon (DLC)

source UCN storage vessel shutter

. UCN guides towards experiments

- ~8mlong
- coated with NiMo (85/15)

He and D; supply lines

. thermal shield
10.

Original design goal: 1000UCN/cm3 in a
typical external storage volume.

vacuum tank
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The Solid Deuterium =

~ 5kg ~ 30L solid @ 5K ~ 30m?3 gas at @ 300K
Relevant Parameters:
e Total amount of D> in the moderator vessel.
e Para- to Ortho-D> ratio.
e Temperature of the solid D,.
¢ Homogeneity of bulk and surface.

Time Scale:
e Full cooldown from room temperature: 4 weeks.
e Totally melting and refreezing the D;,: 1 week.
e Melting and refreezing the D; Surface: 1-2 days.

e Since beginning of operation: D, above triple point about 50
times.
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D2 Freezing Process =

D2 refreezing over 48 hours
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Measurement of the UCN Density 1 -~ £

e Measured in July 2013 at the West-1 beamport.

e Storage volume: 1 m long glass tube, inside diameter 180 mm.
e Wall coating: 500 nm NiMo, optical potential ~ 220 neV.

e Shutter coating: DLC, optical potential ~ 230 neV.

Shutter 1 Shutter 2

Storage volume ~ 25L
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average UCN counts per measurement
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Measurement of the UCN Density 3 -
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Measurement of the UCN Density 4 ~

e Storage volume: 25447 cm3.
o Measured 21.0(2) UCN/cm? after 2's storage.
e Transmission of AIMg3 detector entrance window: <70 %.

« Total UCN density at beamport: 30 UCN/cm?3 after 2 s storage.
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Improving UCN performance ~ ~*
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Total UCN delivery =

16406 time spectrum - 4s kick

Integral counts: 23,581,413 -
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Total number of UCN, 4 s proton beam kick: ~ 23 x 10° UCN.
Repetition frequency: ~ 180d~1.

Total: ~4 x 10° UCN/d
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Step by Step Characterisation =

Approach:

e measure
performance of
each subsystem

¢ verify model
predictions

e exclude neutron
loss

Dieter Ries (nEDM2014) PSI UCN source status November 4, 2014 13/22



PAUL SCHERRER INSTITUT | ytroduction  Solid D2 Operation UCN density Improvements Neutron flux UCN transport Conclusions LS %1
o 00 00 0000 000 ®00 0000 UK .}
n

Thermal neutron flux: Gold activation =
16 Au foils, 25 um thick, in vertical tube along vacuum tank.

[ ]

e Irradiated during one 2 s proton beam kick.

e Standard foil geometry, circular, radius 12.5 mm, calibrated
solid angle in detector.

e Mass: 0(250mg)

198Au, 2.7d

0.985%p"

25PS 1087.7 keV

98.990% Y 23PS  4118kev
0.025%p" \
198Hg
r—
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Comparison to MCNPX calculations 2 )

= measurement height profile (1-16)
full MCNPX model
reduced MCNPX model
measurement prep/Au-down/Au-up
4 measurement Au-Cd
A full MCNPX for Au-Cd
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Total flux: 2 times lower than expected in the design phase.

Dieter Ries (nEDM2014) PSI UCN source status November 4, 2014 15/22



FAUL SCHERRER STITVT | ntroduction  Solid D2 Operation UCN density Improvements Neutron flux UCN transport Conclusions 'ﬁ 4
!ﬂl

[e] (o]e] (e} 0000 000 ooe 0000

Cold neutron flux?
Importance:
e lower part of the solid deuterium: Cold moderation
e crucial for UCN production in upper part
e impossible to measure?

2H+n —3H
3H-3He+e+vVv

Methods:
e accelerator mass spectroscopy (AMS)
e liguid scintillation counting (LSC)

Challenges:

e General: Low cross section (0.3 mb) — small amount of tritium

e AMS: calibration

e LSC: needs liquid sample. Processing with fuel cell necessary.
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Central storage vessel flaps S =
Intensity fluctuations 2013 vs 2014
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UCN Transport characterisation

Produce UCN

Store at one
beamport

Empty source
volume

Release UCN
towards source

Detect at other
beamport
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Ongoing UCN program =

o

WIP

Determination of the cold neutron flux in the solid D».

UCN production in thin deuterium films.

Preparations for increasing the duty cycle.

Optimisation of our UCN density experiment.

Feed nEDM experiment at beamport south.

Test experiments, e.g. UCN detector tests, at beamport West-2.
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Conclusions

e The UCN source at the Paul Scherrer Institut is in regular
operation.

A UCN density of 30 UCN/cm?3 can be provided to experiments.

UCN pulses can be provided 24/7 except for proton accelerator
service intervals.

Total rates of 4 x 102 UCN/d can be delivered.
Experiments at the beamports are regularly supplied with UCN.
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Thank you for your Attention
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Fast UCN shutters

Ideal:
e no leakage
e instantly closed
¢ high wall potential
e low loss rate
Realised:

e diameter: 200 mm
closing time: < 375ms
material: stainless steel
polished finish

UCN performance: tbm
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“Ping-Pong” vs MC s
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5.5+ -— 10

— Background T T T T T
5.0 —— Signal SC on exit time S (s)
4.5 —— MC norm.area, v =4 m/s 84\ S —6.07

—— MC norm.area, v =6 m/s 5.40
4.0 —— MC norm.area, full spectr 567

3.5 6 S
” :
2 30 = ?
g 2.5+ i 4 .
9]
S5 204 2 w1
1.5 27 A )}
im
107 0 ,:zz\m/ sl
0.5
0.0 -2 T T T T T
25 2 o 2 4 8 8 10

time after Pilot/ s

Dieter Ries (nEDM2014) PSI UCN source status November 4, 2014 26 /22



	Introduction
	The UCN source at PSI
	Status

	Solid Deuterium
	Solid D2 Challenges
	D2 Freezing Process

	Operation
	Operation

	UCN density
	Measurement of the UCN Density 1
	Measurement of the UCN Density 4

	Improvements
	Improvements
	Total UCN delivery

	Neutron flux
	Gold activation measurements
	Comparison to MCNPX calculations
	Cold neutron flux

	UCN transport
	Klappentrigger
	Pingpong
	Ongoing UCN program


