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Goals of the TUCAN collaboration

« Measure neutron electric dipole moment with a sensitivity of 10-%” ecm

» Need stronger UCN source to reach that in reasonable time
=>»Build the strongest UCN source in the world

» Provide a second UCN port for a user facility



A superthermal spallation source for UCN using superfluid helium
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UCN production and losses in superfluid helium
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Modeling the prototype source
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MCNP simulations: 20600 UCN/s,
80mW heat load @ 1uA beam current
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Measurements confirm models and simulations
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Design of the new source

Improvements:

Dy
cryostat

3He pumping: 2,000m3/h > 10,000m3/h
Beam current: TuA - 40uA

Cold moderator: D,O - LD,

Converter volume: 8L - 28 L

Larger heat exchanger
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Modeling the new source

« Estimate helium temperature, taking into

account
» 3He pumping speed + pressure drop
» Conduction + Kapitza resistance in heat exchanger

* Gorter-Mellink heat conduction in superfluid helium
-1.5~-1.0

» Twall

= 60~100s

. ~ 500~ .2
THe ~ 500~1500s - =

« Vary moderator dimensions to maximize
. Pt
UCN density p « n
V = 28L + Vggiges + V. = 28L + 100~200L

experiment —
P =1.8x10” UCN/s
Q= 8W

T=11K




Studied impact on UCN density for many variations

Most critical parameters

e Choice of cold moderator

* +100% to +200% with LD, compared to sD,0O, LH,
» despite limit of 125L for explosion safety

» Material of superfluid-helium vessel
» Default choice: aluminium 6061
» Pure beryllium: +100% (expensive!)
» Al+Be or Al+Mg alloys: +30% to 50%

» Thickness of superfluid-helium vessel
* Machining limit 2mm
* +25% per 1mm reduction

Other studies

« Para/ortho deuterium ratio
* -20% for 100% para-D, (natural content < 30%)

* |sotopic purity of deuterium
* -4% per 1% H (D enrichment > 99.8%)

» Polycrystalline bismuth “neutron filter”



Comparison of sources

Prototype source

« UCN production: 0.02-108/s
» Heat load: 0.08 W

* Helium temperature: ~1.0 K

New source

« UCN production: 17-108/s
 Heatload 8.3 W

* Helium temperature: ~1.1 K

LD,
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~500x UCN density
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Conclusions

Benchmarked simulation models with prototype UCN source

New optimized moderator geometry as basis for detailed engineering

Use simulations to study impact of every design decision

New source will give us competitive edge over other nEDM experiments
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A polycrystalline bismuth neutron filter

polycr. Bi (24 K)
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