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UCN-Source

spallation target (Pb/Zr)

3.6m3 D2O moderator 
at RTSD2 moderator vessel

at T = 5 K, 30 dm3,
"UCN Converter"

neutron guide UCN shutter

thermal
shield (80K)

UCN storage volume,
DLC coated, h= 2.5 m, 2 m3
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590 MeV, 2.2 mA, 
3% duty cycle

U
C

N

cryopump

PSI’s 2nd target station
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The Cryogenic System of the UCN Source

«Kryobox»

UCN Tank

Cryogenic 
Connection Line

(3 Beam Ports)
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Helium-Refrigerator
Cryobox
Condensation Vessel,
Conversion Vessel,
Phase Separator,
Cryogenic Valves, etc.

Cryogenic Connection Line
1x  D2 line,

2x  He-Shield,
2x  5K He-Supply,
2x  5K He-Return

Cryopump
Temp.: ~5K

Thermal Shield
Temp.: ~70K

sD2 Moderator Vessel
30dm3 sD2, Temp.: ~5K

D2 Buffer Tanks
30m3, 1bar

He-Refrigerator Cooling Power:
370W @4.2K and
2500W @ 80K

He and D2 Cryogenic System
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2 × 1.5 mm AlMg4.5Mn

0.5 mm AlMg3

SD2-Moderator Vessel
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cooling channels made 
by wire erosion

all parts 
EB welded

Helium-flow direction

Toroidal calotte: 500  50 μm thickness

no plastic deformation for  -1 ... +3 bar

Details of sD2-Moderator Vessel
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cryobox in operationinterior of cryobox without superinsulation

Cryobox (= Coldbox for D2 Handling)
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Cryobox Details

Condenser 
(Cu)

Phase Separator

Para-Ortho 
Converter 



DENIM 2018 B. Blau

Simplified Cooling Scheme
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Condensation from Storage Tanks

5K

30 m3

@ 1bara
99.95%
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Melting and Transfer at ~20K

20K

20K
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Para/Ortho Conversion

20K

19K

typical duration:  1 day

catalyzer:  based on 
chromium oxide
(Oxisorb™)
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Transfer of Ortho-D2 to Moderator

20K

19K
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Freezing of Liquid oD2 in Moderator & Operation

5K
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8s Pulses every 5 min
at Beamport West-2
Ip = 1.8mA 

UCN Yield vs. Time

Degradation
with time !!
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Regaining Full UCN Yield
… due to special 2h thermal treatment of D2 crystal

«Conditioning»
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Thermal Cycle: Conditioning

He-temperature 
in coolant return line2x Conditioning

D2 pressure 
moderator

UCN counts
(100ms pulse every 2min)

heat
15W
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Photos cortesy E. Korobkina, NC State University, UCN source at PULSTAR reactor 

smooth sD2 surface

Surface Degradation due to 
D2 «frost» layer build-up 

rough sD2 surface

sD2 pressure 
during pulsing
→ thermal cycling

frost “disks model (MCUCN/PSI)

Simulation of surface layer of small D2 discs 
(by G. Zsigmond, PSI)
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Highest yearly number of UCN delivered by a single pulse 
to beamport West-1
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Production pulse measured at West-1 beamport

normalized to 2.2mA

Improvement of Maximum UCN Yield over Years 
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