SuperSUN

new infrastructure for experiments
with ultracold neutrons

Oliver Zimmer
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UCN prOduction in He_" R. Golub, J.M. Pendlebury, PL 53A (1975) 133
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Source prototypes “SUN-1" & “SUN-2" (>2004)
window- and gap-less vertical UCN extraction
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Performances of SUN-2 (fomblin-coated converter vessel)
882000 accumulated UCN from 4 litres He-11 (0.61K) ~ 220/cm3
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UCN ToF spectra:

Open converter

v(max) = 5.1 m/s, E =144 neV
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He-ll converter with magnetic UCN reflector: SuperSUN

E. Lelievre-Berna, S. Degenkolb, Y. Gibert, M. Kreuz, J. Perez-Rios, X. Tonon, O. Zimmer
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Advantages: multipole magnet Beam window

* in-situ UCN polarizer
* long storage lifetime — high saturation UCN density
* weak dependence of p,., on wall quality

Converter volume: 12 litres
UCN production rate: 10°s1 (E< 230 neV)
UCN saturation number: 4x10° (2018, fomblin spectrum)

2x107 (>2019, polarised, E < 230 neV)
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Ultracold neutron accumulation in a superfluid-helium converter with magnetic multipole reflector
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We analyze the accumulation of ultracold neutrons (UCNs) in a superfluid-helium converter vessel surrounded
by a magnetic multipole reflector. We solved the spin-dependent rate equation., employing formulas valid for
adiabatic spin transport of trapped UCNs in mechanical equilibrium. Results for saturation UCN densities are
obtained in dependence of order and strength of the multipolar field. The addition of magnetic storage to neutron
optical potentials can increase the density and energy of the low-field-seeking UCNs produced and serves to
mitigate the effects of wall losses on the source performance. It also can provide a highly polarized sample
of UCNs without need to polarize the neutron beam incident on the converter. This work was performed in
preparation of the UCN source project SuperSUN at the Institut Lave—Langevin.
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SuperSUN apparatus

“magnetic trap cryostat”

“converter cryostat”



SuperSUN apparatus

“3He cryostat”

100 | “*He reservoir

1-K pot with superleaks
3He circuit...

“magnetic trap cryostat”
superconducting multipole
“He reservaoir...

“converter cryostat”
He-Il converter
UCN extraction guide...



SuperSUN apparatus

“3He cryostat”
in production

“magnetic trap cryostat”
call for tender issued

“converter cryostat”
design drawings finished



Implementation on beam H523 at ILL

—_—

DA~

LI

Cabines et atelier D16, Super Adam, d50
Locaux techniques et stockage SCI

oour futures cabines

£0ne




2015

2016

2017

2018

2019

Feasibility
design
studies

Call for
expressions
of interest
for flagship
experiments

Launch
Execution phase

Detailed design
study of He-3
cryostat

Order of He-3
cryostat

Launch design of
neutron guide
and exp. Zone

Detailed design
study of
converter
cryostat

Design study of
magnetic trap
cryostat

Detailed design
study of neutron
guide and exp.
Zone

Order of neutron
guide

Order of converter
cryostat and
magnetic trap
cryostat

Order of multipole
magnet

Modification of H5
casemate

Installation of
exp. zone for
SuperSUN

Delivery of He-3
and converter
cryostat

Install neutron
guide

Install He-3 and
converter

cryostats in exp.

Zone

Commissioning
without
magnetic
trapping

Production of
UCN on white
neutron beam

Delivery of
magnetic trap
cryostat and
multipole
magnet

Install
multipole
magnet and
magnetic trap
cryostat

Commissioning
of the complete
SuperSUN
source

Launch of user
operation




SuperSUN as precursor for a UCN source at ESS

ESS moderator He-Il converter
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Hino et al.:

NiC/Ti multilayer monochromator (4664layers) o=1
dleposited on thin silicon substrates(t=0.3mm) | 6=0.7nm
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