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PSI (Switzerland)
D2 source operating 

TUM (Germany)
D2 source under construction

PNPI (Russia)
He source under construction

ILL (France)
Turbine source running
He source operating

J-PARC (Japan)

LANL(USA)
D2 source running

SNS(USA)
cryo experiment in He under construction 

NC-State (USA)
D2 source waiting for deplymentTRIUMF(Canada)

He source tested

Mainz(Germany)
D2 source operating

• accelerator facilities with spallation neutron production
• reactor facilities 
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PSI (Switzerland)
D2 source operating 

TUM (Germany)
D2 source under construction

PNPI (Russia)
He source under construction

ILL (France)
Turbine source 
running
He source operating / in 
construction J-PARC (Japan)

LANL(USA)
D2 source running

SNS(USA)
cryo experiment in He under construction 

NC-State (USA)
D2 source waiting for deplymentTRIUMF(Canada)

He source tested

Mainz(Germany)
D2 source operating

• accelerator facilities with spallation neutron production
• reactor facilities 

talk by Ekaterina Korobkina
talk by Andreas Frei

He-sources
Anatoly Serebrov
Oliver Zimmer
Estelle Chanel

talk by Bertrand Blau
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D2 properties
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R. Golub, K.Boening, Z.Phys.B 51 (1983)  95
New type of low temperature source of ultracold neutrons and production of continuous beams of UCN

Z.-Ch.Yu, S.S.Malik, R.Golub Z.Phys.B 62 (1986) 137
A thin film source of ultracold neutrons

calculates 
downscattering 
cross-section

UCN production
a neutron creates a phonon and looses almost all its energy

F. Atchison et al.

UCN production per molecule in sD2
multiphonon Debye-Model
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F. Atchison et al., Phys. Rev. C 71 (2005) 054601.
F. Atchison et al., Phys. Rev. Lett. 99 (2007) 262502.

strong dependence of the UCN production 
rate on state and temperature -> solid 
deuterium as production medium

operation point for 
sD2 source

several pioneering 
experiments in 
Gatchina by 
A.Serebrov's Group in 
1990'ies demonstrated 
feasibility and high 
yield in sD2.

absolut cross section 
was measured  
subsequently at PSI
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ρUCN = Φ0 R τUCN

• cold neutron flux - high neutron production rate
• UCN production rate - 5K deuterium
• UCN lifetime in the moderator - low losses

UCN density

UCN density

τUCN = 1 / Σ(σ v )

loss cross sections
velocity
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UCN losses

loss cross-sections

→ high ortho D2 concentration

→ cool to 5 K

→ isotopically clean D2

Modified plot from 
C.-Y.Liu, A. Young, S.K. Lamoreaux, Phys. Rev. B 62 (2000) R3581

→ cool to 5 K

para D2
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LANL Prototype Source
C.Morris et al, Phys.Rev.Lett.89(2002)272501

τUCN = 1 / Σ(σ v )

+ mechanical losses - gaps

UCN lifetime in sD2 with respect to para D2 
fraction and temperature 
PhD Thesis C.-Y.Liu  (2002) 
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UCN losses

loss cross-sections

→ high ortho D2 concentration

→ cool to 5 K

→ isotopically clean D2

Modified plot from 
C.-Y.Liu, A. Young, S.K. Lamoreaux, Phys. Rev. B 62 (2000) R3581

→ cool to 5 K

τUCN = 1 / Σ(σ v )

+ mechanical losses - gaps

τucn dominated by:      
Nuclear capture 
factor 640 

σ(H) =0.3barn

σ (D)=0.0005barn  

UCN lifetimes in ortho D2 at 5K  
finally limited to  ~150ms
by nuclear capture
-> UCN extraction important
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Check conversion of Ortho- to Para-D2
and hydrogen (HD) concentration

rotational Raman peaks 

S0(0)

S0(1)

S0(2)

S0(3)S0(4)

at PSI observed >99.8 % orthoD2
and <0.2% HD molecular contamination  
PhD. Thesis N.Hild ETH (2019)

conversion of
room-temperature
D2 (66% Ortho) to 
~96% Ortho in e.g. 
Oxisorb at liquid D2 
temperature.
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Radiaton conversion of sD2

no beam

no beam

PhD thesis  N.Hild

liquid D2 (at SINQ) - 76% ortho D2 equilibrium
F. Atchison et al. Phys Rev.B68 (2003) 094114

preliminary

at PSI UCN source measured radiation-enhanced conversion

mass(D2)=677g

natural
conversion

radiation-enhanced
conversion
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Measured D2 total Cross-Section

slow       fast
crystal   growing F.Atchison et al., Phys.R

ev.Lett. 95 (2005) 182502

Photos: PhD thesis M.Kasprzak
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Deuterium Fermi Potential

UCN get a kick when exiting the solid 
deuterium due to the neutron optical 
potential of 104 neV → minimum velocity 
favorable for UCN extraction

I.Altarev, ... M.Daum..et al.  
Phys.Rev.Lett. 100, 014801 (2008)
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similar effect observed at  PSI, LANL and NCSU

Time behavior of UCN intensity
Frost formation

standard data taking week -
Sept. 2017

conditioning 
procedure
regains full
intensity

Talk by Ekaterian Korobkina



B. Lauss           UCN 4 ESS Feb. 2022

Basic components of operating 
UCN sources

neutron 
production

thermalization

cold 
moderation

ultracold 
production

Transport 
to exp

spallation @ accelerator 
fission @ reactor

D2O / Plastics

D2 / Plastics

D2
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TRIGA - UCN source
Johannes Gutenberg University -

Mainz - Germany
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TRIGA - UCN source

Figures courtesy D. Ries
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TRIGA - UCN source
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reactor pulse 30 ms
--> UCN pulse ~1.5s

Crystal grown directly from D2 gas at vapor pressures of 
50–130 mbar - typically ~8mol mass

UCN output decrease with operation time(# of puses)
(thermal shielding effect) for a few pulses and then stays 
high

J.Kahlenberg et al., Eur.Phys.J. A  53 (2017) 226 

no premoderator

H2 or CH4  premoderator

D2 premoderator

TRIGA - UCN source

gain with premoderator
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UCN source
Los Alamos National Laboratory
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pulsed 800 MeV proton beam - 120 Hz, 0.6/0.8 ms pulse width 
-> 20 Hz to UCN target

Figure C.Morris 

- peak proton current 12 mA,
- bursts of 10 pulses each 
625μs long at 20 Hz,
- gap between bursts of 5 s
- total charge per burst ∼45 
μC in 0.45 s.
- time averaged current ∼9 μA.

T.M.Ito et al., 
Phys.Rev.C97 (2018) 012501

LANL  
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LANL  
first spallation-based operating sD2 UCN source 

Figure C.Morris 

vertical extraction 
-> UCN fall back
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LANL  
first spallation-based operating sD2 UCN source 

Figure C.Morris 

vertical extraction 
-> UCN fall back
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LANL - UCN facility

UCNA/UCNB/UCNA+ experiment

UCNτ/UCNτ+ experiment

New nEDM experiment

UCN source

Figure T.Ito
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LANL - upgraded UCN source

Spallation neutrons 
from W target 
~ 2 MeV 

Thermal neutrons in Be 
and graphite moderator  
~ 25 meV 

Cold neutrons in 
polyethylene cold 
moderator  
~ 6 meV 

Ultracold neutrons in 
SD2 converter  
~ 100 neV

T.M.Ito et al., Phys.Rev.C97 (2018)012501

Figure T.Ito
optimized cold moderator and 
UCN converter geometry

~factor 4 improvement
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UCN source
Paul Scherrer Institut
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High Intensity Proton Accelerator (HIPA) complex

UCN Source

Proton Accelerator
590 MeV Cyclotron
2.2/2.4 mA beam current 

nEDM

2 experimental areas / 3 beamlines

kicker to UCN

SINQ
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The PSI UCN source

pulsed
1.3 MW p-beam
590 MeV, 2.2 mA,
1% duty cycle spallation target (Pb/Zr)

(~ 8 neutrons/proton)

heavy water moderator
→ thermal neutrons  3.6m3 D2O

cold UCN-converter
5 kg solid D2 at 5 K

7 
m

DLC coated
UCN storage vessel
height 2.5 m, ~ 2 m3

UCN guides towards
experimental areas
8.6m(S) / 6.9m(W) cryo-pump

n2EDM
experiment

UCN optics arXiv:1907.05730

important: UCN source operation by 
ASQ Group (B.Blau et al.) 

https://arxiv.org/abs/1907.05730
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Understanding the thermal neutron flux

- Fully detailed MCNP-X model and 
simulation by Vadim Talanov & Michael 
Wohlmuther
- comparison to gold foil measurements 

756 Zr/Pb Canelloni Target
~7.5 n/p
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Condensation

Vessel

Conversion

Vessel

Filling/
Draining

Collector
Box

Valve
Box

Cryobox

Moderator
Vessel

D  Storage Vessel
7.5 m32

D  Storage Vessel
7.5 m32

D  Storage Vessel
7.5 m32

D  Storage Vessel
7.5 m32

30m3@STP 

Preparation of the deuterium

slow condensation

He-refrigerator cooling 
power: 370W @4.2K 
and 2500W @ 80K

slow transfer

Talk by B.Blau
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Condensation

Vessel

Conversion

Vessel

Filling/
Draining

Collector
Box

Valve
Box

Cryobox

Moderator
Vessel

D  Storage Vessel
7.5 m32

D  Storage Vessel
7.5 m32

D  Storage Vessel
7.5 m32

D  Storage Vessel
7.5 m32

cool-down:
para-ortho conversion

(using Oxisorb)

20 K

Preparation of the deuterium

D2 Transfer ~1% / hour

Talk by B.Blau
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20

0 
m

m0.5 mm AlMg3

Cooling Agent: 
Supercritical Helium 

D2

saturated vapor pressure indicates
D2 temperature

D2

Solid deuterium at 5K

Talk by B.Blau

talk by B.Blau
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Slow freezing procedure
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Conditioning: regaining the full
UCN intensity
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Recreation of solid thin-film D2 source
A 'calibrated' source of UCN 

D2 fills with gas → exact D2 mass known

→ freeze to make a solid thin-film D2 source

starting at a few grams - 1300 g
→ thickness 100 mu - a few mm

→ no UCN losses occurring within the solid D2 (lifetime is 
long enough that UCN exit also after multiple scattering)

- established thermal flux
- simulated /checked cold flux
- established UCN production cross-section from 
Golub/Boenig 1983, Yu/Malik/Golub 1985
Atchison et al, PRC71, 2005 
Atchison et al, PRL99, 2007

- established UCN transport trom sD2 surface to detector
Bison et al . arXiv:1907.05730 and  arXiv:2110.12988

10
0

PhD Thesis I.Rienäcker
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- at larger  masses moderation and sD2 
extraction become relevant

Simulation of cold-neutron flux

Measurement of UCN counts

PhD Thesis I.Rienäcker

Thin film sD2 UCN source



B. Lauss           UCN 4 ESS Feb. 2022

Thin film sD2 UCN source ->  
UCN extraction from sD2

preliminary

PhD Thesis I.Rienäcker Extraction simulation 
PhD Thesis T.Brys 2007
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n2EDM experiment

Artistic view of experimental hall
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n2EDM experiment

Summary

- solid deuterium has specific appealing properties for UCN productio

- operating sD2-based UCN sources at TRIGA reactor Mainz, 
Los Alamos National Laboratory and Paul Scherrer Institut

- ideal source is theoretically understood, but practical implementatio  
is difficult and leads to many losses
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thanks for your 
attention

thanks to all colleagues 
for transparencies and 

inputs

UCN
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