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Ultra Cold Neutron Source

L_ — Time-scale of effort at PSI

UCN source Letter of intent

UCN source proposal Start UCN First nEDM
nNnEDM proposal source operation result published
1998 2000 2011 2020
n2EDM
tSPECT
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UL SCHERRER TSI High intensity proton accelerator
== HIPA

pion / muon production
ets and secondary
eamlrn .

Proton beam:
2.2 mA
8 s long pulse every 300 s
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UCN delivery at beam port

I +« HIPA beam on Pb spallation target (up to 8s)

S produces ~8 free neutrons per proton
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enceDirect
Nuclear Instruments and Methods in
Physics Research A

journal homepage: www.olsevier com/locata/nima

Therm al fl ux Neutron production and thermal moderation at the PSI UCN source
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Moderation in heavy water thermalizes
neutrons at room temperature
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neutron flux density (n/cmzfprimaw proton)
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5. ‘Two storage flaps close to confine
the UCN in the storage volume
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Ultra Cold Neutron Source

delivery of tank:
Sept. 04, 2008

December
2009
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and the dGUterium unit Ultra Cold Neutron Source

10 tons '“M
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storage volume)_)—/

vertical UCN guide
—— ‘

2 - 6 mm thick
ultrapure Al

fall 2010
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Ultra Cold Neutron Source

Counts
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Ultra Cold Neutron Source

UCN Operation Statistics
Il oroton charge (left scale)
1 I no. of pulses (right scale)
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UCN intensity improvement

Ultra Cold Neutron Source
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achieving high UCN intensities needs various optimizations —
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UCN transport efficie

- UCN guides made
from glass tubes or
highly polished
stainless steel tubes
- coated with Nickel-
TtSPECT Molybdenum
- long effort to fully
understand the
complex system

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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= minimize UCN losses inD2 ¢ . =1 /Z(g V)

cross-section(barn)

10

10

loss cross-sections
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Nuclear capture on hydrogen
— isotopically clean D2
Up-Scattering via p—»o0 conversion
- =+ + = “* + i - + i -

— high ortho D2 concentration
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w0, o Pt
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Nuclear capture on the deuteron
Scoolto5K
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Modified plot from
C.-Y.Liu, A. Young, S.K. Lamoreaux, Phys. Rev. B 62 (2000) R3581
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L_ — Preparation of the deuterium power: 370W @4.2K
and 2500W @ 80K
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Preparation of the deuterium

Ultra Cold Neutron Source

PAUL SCHERRER INSTITUT

D2 Transfer ~2% / hour

\essel
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Slow freezing procedure

Ultra Cold Neutron Source
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sD2 vapor pressure <> sD2 temperature <= sD2 molar volume
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Solid deuterium surface degradation =

Ultra Cold Neutron Source

Sublimation:

Heat deposition during
proton beam pulse
causes sublimation

of D2 vapor

EPJ A Highlight - Solid deuterium surface degradation at ultracold neutron

sources

Published on 11 September 2018
Frost deposition: Albedo reflection:
After the proton beam pulse the Frost layer causes Albedo reflection
D2 vapor is deposited on the cold of UCN back into the sD2 bulk where
sD2 surface and forms an they are lost due to upscattering and
opaque frost layer absorption

Eur. Phys. J. A (2018) 54: 148

Vacuum
V=0 neV

Frost layers
Ve=102 neV

Bulk of solid
deuterium
Vi=102 neV

58Ni coating
Vi =350 neV

conditioning procedure - 'surface heating' - regains full UCN output
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Solid deuterium surface degradation
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Ultra Cold Neutron Source

Sublimation:

Heat deposition during
proton beam pulse
causes sublimation

of D2 vapor

counts

conditioning procedure - 'surface heati
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A regular conditioning procedure anneals the sD2 surface and recovers UCN output

PSIWest2 | oo Conditioning:

2.0x10° 7 Stop proton beam pulses

@ Decrease cooling power

E Turn on heating elements on
moderator vessel for

1.5%10° - approx. 2 hours

Average UCN output reduced by 12%
Tu Wed Th Fr Sa Su Mo Tu  Wed 2 hours / 24 hours = 8% of the

T >4 >4 »4 b4 W W
e . e . .. S— — —

0 500 1000 1500 2000

Beam pulse number

time no UCN production
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(215 automated procedure with beam

e . automated conditionin
The new conditioning procedure 5

recovers the UCN output just as 107
the standard conditioning for all
. . . 0.8
cases investigated until now
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to fundamental physics experiments  viGreinso

Search for the neutron electric dipole
moment with the n2EDM apparatus by the
nEDM collaboration

- talk by Anthony Lejuez

| | (n2EDM a — :Eg

Precision measurement of the lifetime of the
free neutron - tauSPECT collaboration
- talk by Dieter Ries

20+
3 1
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From ! %4 - E
UCN mp | ] ok
source # q
4 o

} } } } } } } } }
-2000  -1500  -1000  -500 0 500 1000 1500 2000 2500 z (mm)

Search for neutron to mirror-neutron oscillations, nn' collaboration
Symmetry 2022, 14, 503. https://doi.org/10.3390/sym14030503
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Ultra Cold Neutron Source
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