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Concept and strategy of SuperSUN: A new
ultracold neutron converter
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Abstract. A new source of ultracold nevtroas (UCNs), developed at the Institut Lave-Langevin (TLL) and named SuperSUN, is currently being
commissioned. Its operational principle is the conversicn of cold neutrons, delivered by ILL’s existing beam H523, to UCN in a vessel filled
with superfiuid helium-4, wherein the neutron’s energy and momentum are transferred by inelastic scattering to phoaons in the superfiuid. The
imverse Boltzmann-suppressed process is negligible at temperatures below (.6 K. enabling long storage times and high in-sita UCN densities
as demonstrated at the ILL for two prototype sources. These two prototypes are installed at secondary beams behind crystal monochromators,
whereas u primary beam with 1 white cold spectrum illuminates the SuperSUN comversion volume. This provides not only higher intensity
around the wavelength 0.8 am where the dominant single-phonan process for UCN production takes place, but also a contribution to UCN
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Commissioning in 2023 cycle 1
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Accumulation measurement— Fill and Empty
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Accumulation measurement— Fill and Empty

Lin scale Zoomed log scale
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Saturation time of the source
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Delayed extraction — Fill, Store, and Empty
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Delayed extraction — Fill, Store, and Empty
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Continuous mode measurement — All open
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Conclusion

 Source output in continuous mode: 6.4x10° UCN/300s (=21x103 UCN/s)
 Source output in storage mode: 3.88x10° UCN/ batch (density)

* Source saturation time: 282 s

e Source life time: 427.8 s (55%) and 154.9 s (45%)

 Reliability: work for several weeks in a row with standard maintenance



Outlook

Data analysis is not over |

* Analysis of the different constant
and careful handling of errors

* One cycle done with a storage cell,
the data needs to be analyzed

Additional measurements:
e External storage measurement
e Spectrum information

» Degradation of the source
(continuation)
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Cold neutron spectrum
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Degradation of the source
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Online analysis of single measurements

Saturation time constant
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normalized UCNs

Cycle 11 2023
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temperature at the bottom [K)

UCHNSs in the source (accu)

. Poisoning of the source Cycle I
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UCNs
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Towards sensitivity assessment

Storage time

: 330 350

400

500

600

700

1800 A

1600 1 .

1400 -

» 1200 -
=
&)

> 1000 -

800 -

600 A

400 +

b ek 3 e

-
* ¥

* L2 3
* Tk

Preliminary

© 1
Yy b

B B
q.\

09.‘&

o

N

2>
0‘53

%]

[=]

(=]

o
I

1500 A

1000 A

max number of UCNs

500 -

single exp.
—— double exp.

300

400

T
500

600

storage time

700

NEDM?2023 workshop

20



Dunjia detector — Rate effect

* L = o
B Integrating over g 22000¢
4000— C
000F £ 200001
N — [500:600[ s = ]
— =3 L
H Q -
3500/ — 2 18000}
30001 16000} Il
- 14000} |
2500~ C
- 12000iL ||
2000}~ H H '
: Preliminary |
- f '.
1500/~ 8000 !
F 60001 \
1000 — : '
- 4000
S00E 2000}
&II ! IIIJIL1'"-ll'-"'J"”l-'-Hl'.IlII 0:1I1|lJIJILJ|JII\T‘T‘+—J—J_II |||I|I
0 1000200030004000500060007000800090001 0000 0 200 400 600 800 1000 1200 1400
adc channel time [s]

NEDM?2023 workshop

21



Commissioning in 2023 cycle 1

UCN valve UCN extraction
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Cryogenic system

== 300 K vacuum vessel

== 40 K screen
—- 4 K screen

(a) the 100-L liquid helium bath,
(b) the needle valve,

(c) the 1-K pot,

(d) the .He superleak,

(e) the sHe pumping column,

(f) the sHe impedance,

(g) the sHe/.He heat exchanger,
(n) the UCN box,

(i) the conversion volume at 0.6 K,

(j) the two beryllium windows,

(k) the UCN extraction system,

() the UCN valve,

(m) the superconducting magnet in a separate liquid
helium bath: for SuperSUN phase Il this replaces part of
the phase | 4-K screen, see description at the end of
Section 3,

(n) the 4-K cryostat.
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Temperature curve
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Cool-down cycle
>48h Pumping insulation vacuum
and cleaning circuits
24-72h  Cooling with cold heads
3-4h Cooling 1-K pot and heat exchanger
8-16h  Filling with helium
Total 1 week

Warm-up cycle

| day  Emptying

24 h Pumping

72 h Warming up at atmosphere
Total 4 days
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Temperature =
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the beam

Temperature sensor in the beam
nananaannl 7

0.64
0.62
0.6

28/10/2023 29/10/2023 29/10/2023

21-:00 00:00 03:00

nEDM2023 workshop



Temperature Turning on
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