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Key Questions/Considerations

AWhat can be done uniquely or exceptionally well at theZESS
AWhatare the most important gaps ameedsfor the community?
AWhatcan only be done with UCN?

AWhere can UCN provide key complementary information?
NB:complementaritydoes not mean obligatorily interdependent experiments!



Some Personal Observations/Opinions

AMuch impressive work was already done with weak sources.

AThe UCN community concentrates effort on rather few topics.

AMany basic issues are not wealhderstood (theory vs. experiment).

ASources must be understood in detail, to do good experiments.



Some Personal Observations/Opinions

AMuch impressive work was already done with weak sources.
A 5% measurement dfomblinloss factor with < 1 UCN / storage cycle (Bates)
A 1982: storage in a material bottle, with all observed loss attributabledecay Mampe)

AThe UCN community concentrates effort on rather few topics.

AEDM (~7), lifetime (~4), gravitational states (2), decay correlatdasdb), charge
ANot pursued: weale-n current, gravityA Y RdzOS R L2t F NAT F GA2y S A

AMany basic issues are not walhderstood (theory vs. experiment).
ACNI yayYrAaarzy 2F YSGlt F2ataz ft2aa FIFOG2
A Production rates and other parameters phenomenologically scaled

ASources must be understood in detail, to do good experiments.

A Experiments are already challenging with good sources
Aat dzNB ¢ a2 dzNDS RSGOSt 2LIYSYyild 2FGSy aSSRa Y
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(1) CAIdzNBa 2F aSNRGE A

ARecall the produced spectrum scale<E43
AHigh cutoff: trapping/guiding potential
ALow cutoff: transmissive foils, or climbing in gravity

F.HOmke 2022 Heidelberg/Mainz
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(1) CAIdzNBa 2F aSNRGE A

ARecall the produced spectrum scale<E43
AHigh cutoff: trapping/guiding potential
ALow cutoff: transmissive foils, or climbing in gravity

F.Homke 2022 1D timeof-flight spectra from two ILL UCN source:
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Extraction and Delivery

At PF2/EDM turbine exit height At upper EDM platform (+2.2 m)
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DieterRies PhD 2016: storage comparison measurements usingligeBatainlesssteel reference bottle.
Reduction factor between 2 (horizontal) and 4 (vertical) from foil, but this is notumdikrstood.



Extraction and Delivery
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DieterRies PhD 2016: storage comparison measurements usingligeBatainlesssteel reference bottle.
Reduction factor between 2 (horizontal) and 4 (vertical) from foil, but this is notumdikrstood.



Extraction and Delivery

At turbine exit height But: factor of 3.6 vs. 1.5 (same batch of foils!)
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DieterRies PhD 2016: storage comparison measurements usingligeBatainlesssteel reference bottle.
Reduction factor between 2 (horizontal) and 4 (vertical) from foil, but this is notumdikrstood.



Extraction and Delivery

1x10° |

UCN counts per measurement

At turbine exit height
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But: factor of3.6vs. 1.5 (same batch of foils!)

Lesson 1: theory does not
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Lessor?: neither do (all) extrapolations

from other experiments!
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Dieter Ries PhD 2016: storage comparison measurements usingliteB2tainlesssteel reference bottle.
Reduction factor between 2 (horizontal) and 4 (vertical) from foil, but this is notumdirstood.
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(1) CAIdzNBa 2F aSNRGE A

ARecall the produced spectrum scale<E43
AHigh cutoff: trapping/guiding potential
A Lowcut-off: transmissive foils, or climbing in gravity
Magnetic trapping inSPECT (Mainz/PSI)

Longitudinal field By ——

AFurtherissues T
A Supercriticatontamination can be problem (e.g., lifetime) e
AUnknownangular spectrum difficult to diagnose /,_/~~f’~~-<§;’§9’§_'jle_{g\

A TOFand integralspectrometryg also many different approaches
AEnergydependent systematic effects

AWith the right compromises, one can still win




(2) CAIdzNBa 2F aSNRGE A

Almportant parameters for an experiment include the measurement time
and thecountednumberN of UCN per repetition

ACountrate limited measurements, sensitivityN-/2
AFrequency measurements, sensitivityrl-or T32

ASome examples:
AElectric dipolenoment (EDM)} ~ TNY2 | new physics above E ~12
ANeutron lifetime_: * ~_32TY2NY2 new physics hidden by SM discrepancy (!)
ANeutronoscillations, period: * ~_1T1NY2 new physics above E <5

ADSY SN}t UNBYRY KAIK YydzYOSNRZI 2V



(2) CAIdzNBa 2F aSNRGE A

ASomeexamples:
AElectric dipole moment (EDM):~ TLN-¥2 | new physics above E <12
ANeutron lifetime_: * ~_32 TY2NY2  new physics hidden by SM discrepancy (!)
ANeutron oscillations, periodt * ~_1T1NY2 new physics above E <5

ADSYSN)}f OGNBYRY KAIK ydzy o S N&A dfferf 2 y

ATwo more important caveats:
A Different spectra for different purposes
A Alsointegratedangularspectrum(storage)vs. collimatedflux (GQSpresentday)
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|. Altarev
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MEASUREMENTS OF TOTAL CROSS SECTIONS FOR VERY SLOW
NEUTRONS WITH VELOCITIES FROM 100 m/sec TO 5 m/sec

A.STEYERL
Physik-Department, Technische Hochschule Miinchen, Munich, Germany

Received 24 February 1969
Very cold neutrons from 60 peV to 0.1 eV were obtained through a vertical total-reflecting neutron

guide tube. Total cross sections measured by time-of -flight technique for gold and aluminium were
found to obey the 1/v law.

18.5neV

Remember that mechanical phaspace ~700 s
transformation is a longstanding workhorse solution! 1K

0.9 nm



Some UCN sources worldwide
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Survey oHIghNESSudies
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Nested mirror
optics system

Option Volume Pics Nia Heat
[liters) [em3 s1] [s1] [Watt]
SD, thin slab in twister - Iocation@
Fig. 5 1.81 3.1 x 10° 5.6 x 108 760
Fig. 6 1.75 7.7 x 10° 1.4 x 107 2910
Fig. 7 0.38 1.3 x 10° 5.0x 108 560
Fig. 9 0.13 1.7 x 10° 2.2% 10° 520
full SD; in twister - Iocatiov(l)
Fig. 10 48.2 6.56 x 10° 1.32 x 10° 39886
SD, thin slab in MCB - Iocatio@
Fig. 18a 0.91 3.8 x 10* 3.4 x 10’ 159
He-Il in MCB - Iocatio@
Fig. 21 24.3 2160 5.23 x 10’ 328
He-Il in LBP - Iocatio@
Fig. 24 58 369 2.1 x 107 8
He-ll in beam - Iocatio@
in-beam (D4.3) 114 234 1.53 x 107



Survey oHIghNESSudies

Further conceptual options:
. . [liters) [em3 s1) [s1] [Watt]
A I n'pl Ie He'l I (to be StUdIed) SD, thin slab in twister - locatio
. Fig. 5 1.81 3.1 x 10° 5.6 x 10° 760
A I n'beam Hel I (Standard QUIde) Fig. 6 1.75 7.7 x 10° 1.4 x 107 2910
. . Fig. 7 0.38 1.3 x 10° 5.0x 108 560
A I n'beam y In'SItu He'l I . . Fig. 9 0.13 1.7 x 10° 2.2% 10° 520
O. Zimmer, previous workshop o .
full SD; in twister - Iocano@
“s <t Ultra Cold Neutron transport Fig. 10 48.2 6.56 x 10° 1.32 x 10° 39886
in-pile m m exp SD, thin slab in MCB - location 2 )
Fig. 18a 0.91 3.8 x 10* 3.4 x 107 159
Cold Neutron transport
“in-bea m" m P m He-Il in MCB - !ocario@
Fig. 21 24.3 2160 5.23 x 107 328
. " He-ll in LBP - location 4
“in-situ” [ exp . : Q :
Fig. 24 58 369 2.1x10 8
- Skyler's talk He-ll in beam - Iocatio@
in-beam (D4.3) 114 234 1.53 x 107



@ Survey oHIghNESSudies

Further conceptual options:

. _ “in-pile" m Ultra Cold Neutron transport exp
AlIn-pile Hell (to be studied)
. . ” Cold Neutron transport
Aln-beam Hell (standard guide) “in-beam” [ :
Aln-beam,in-situ He-ll i it I

—> Skyler’s talk O. Zimmer, previous workshop

Challenges and advantages, broadly speaking:
Aln-pile cooling requirements for T< 1K would be extreme, but academically interesting
Aln-beamwith standard guides: more reliable/flexible/faster, but less throughput

Aln-situ: must adapt to experiment (modular approachut reduce losses 100x or more
Journal of Neutron Research 24 (2022) (283123, DOL0.3233/IJNFR220044



Survey oHIghNESSudies

Further conceptual options: “in-situ”
AlIn-pile Hell (to be studied) — Skyler's talk
Aln-beam Hell (standard guide)
Aln-beam,in-situ He-ll

Journal of Neutron Research 24 (2022) 283123, DOL0.3233/IJNRR20044

Beamline %lg_g A [cm'2 57 A_l] Py [r:m'3 s 0 [cm'3] 0700 [cm'g]
ILL/H172b (SUN-2) 1 x 108 [23.41] 5.0 220 [58] 3200

ILL/H113 (PF1b) 1.5 x 108 [4] 75 370 5300

ILL/H523 (SuperSUN) 2.7 x 108 13.5 330* 17007 [58]
ESS/ANNI (2 MW) 8.4 x 107 [46]F 4.2 210 2900

ESS/ANNI (5 MW) 2.1 x 108 [46] 11 540 7700

ESS/LBP (2 MW) 1.7 x 107 [60,63]* 84 4100 6.6 x 104

ESS/LBP (5 MW) 4.2 x 107 [60,63] 209 1.0 x 10% 1.5 x 10°

* The values given for P; and p correspond to the phase I configuration, which uses to a CYTOP-on-nickel convertor vessel rather than
Ve =233 neV [12].

T The storage time constant in SuperSUN phase II will be extended by a 2.1 T magnetic trapping potential together with a CYTOP-on-nickel
material wall, as discussed in Section 3.2 [12,65]. The value of 1700 cm ™2 was estimated for polarized UCN with respect to this situation
rather than the reference value V. = 233 neV that was used for other values in this column.

5 MW values scaled to 2 MW.

([ exp
O. Zimmer, previous workshop
Q(l)D (a)
| (b)
(f)
l(e)_ “ &
| ' (h)
J Ul
— I
(k) 0
r::> =




Survey oHIghNESSudies

Option

Volume PUCN NUCN

[liters] [cm™ s71] [s]

SD, thin slab in twister - location 1
1.81 3.1 x 10° 5.6 x 108
1.75 7.7 x 10° 1.4 x 107
0.38 1.3 x 10° 5.0x 10°
0.13 1.7 x 10° 2.2x 10°

full SD5 in twister - location 1

48.2 6.56 x 10° 1.32 x 10°

SD> thin slab in MICB - location 2
0.91 3.8 x 10* 3.4 x 10’
He-1l in MCB - location 2
24.3 2160 5.23 x 107

He-ll in LBP - location 4
58 369 2.1 x 107

indbeam (D4.3)

He-ll in beam - location 5

114 234 1.53 x 10’

UCN produced in SD2,
with in-situ energy up to
150neV

(104¢ 254 neVextracted)

Similar uppercutoff,

but only the helium
spectrum includes UCN
below 100neV (~20%)

UCN produced in HH, /
with in-situ energy up to
233neV

(18.5¢ 252neVextracted)



Survey oHIghNESSudies

Option Volume Pucn Nuen Heat . 2
liters]  fom® 5] & [Watt] Optical =, 2mh ‘a.) + 1B
Iters cm-=-35s S a . e — —_ .
Potential p(a, —ia;) + p
SD, thin slab in twister - location 1 m
1.81 3.1 x 10° 5.6 x 10° > .
(=] 107 I ]
1.75 7.7 x 10° 1.4 x 10° S 5 - |
5 o - B, — CYTOP
0.38 13 x 10 5.0x 10 = @ 107"F
o k) Ni
0.13 1.7 x 10° 2.2 10° © £
o = 1077
full SD5> in twister - location 1 - 2 ;
48.2 6.56 x 10° 1.32 x 10° 39886 8 g 12 5 x 10-5
2 ot e e
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Z g 10°%c  —— A L X107
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> 5 2
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S @ et
24.3 2160 5.23 x 107 S | S o o
He-Il in LBP - location 4 = 200 300 400
O . .
53 369 2.1 % 107 < Kinetic energy [neV]
@)
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| e In beam - location 7 cgo Storage _1 A B E _1
infbeam (D4.3) 114 234 1.53 x 10 S L 0SSES T T = EUU( ) -+ T3



Thin SDslab in Twister

Option

Volume PUCN NUCN

[liters] [em™ s1] [s]

SD, thin slab in twister - location 1

1.81 3.1 x 10° 5.6 x 108
1.75 7.7 x 10° 1.4 x 10
0.38 1.3 x 10° 5.0x 10°
0.13 1.7 x 10° 2.2x 108
full SD> in twister - location 1
Fig. 10 48.2 6.56 x 10° 1.32 x 10° 39886
SD> thin slab in MCB - location 2
Fig. 18a 0.91 3.8 x 10* 3.4 x 107 159
He-Il in MCB - location 2
Fig. 21 24.3 2160 5.23 x 10’ 328
He-Il in LBP - location 4
Fig. 24 58 369 2.1 x 107 8

in-beam (D4.3)

He-ll in beam - location 5

114 234 1.53 x 10’

Considerations:
AMaximum extraction distance
A Separate backgrounds?
ATransmissive foils likely required
AHeight of experiment

AScience cases

AHighflux flow-through
experiments
ALow density or higlluty storage

AUsermoderesearch and
development



Be
Reflector

Be filter

Be
Filter

Figure 5: MCNP model of a 2-cm-thick SD; UCN source complementing the LD baseline for UCN produc-
tion. (a) vertical cut, perpendicular to the proton beam direction. (b) cut parallel to the target
plane with the proton beam impinging from the left.



(b)

Figure 6: Fixed 2-cm SD, UCN source with optimized cold LD, moderator. (a) vertical cut, perpendicular to
the proton beam direction. (b) cut parallel to the target plane with the neutron beam impinging
from the left. The figure of merit for the optimization was the mean UCN production rate density

inside the SD> converter.



Figure 7: Fixed 2-cm SD, UCN source in a reentrant hole inside the LD, moderator, hence closer to the hot-
spot of cold neutrons production. (a) vertical cut, perpendicular to the proton beam direction.
(b) cut parallel to the target plane with the neutron beam impinging from the left. The figure of
merit for the optimization was the UCN production rate density inside the SD; converter.



Figure 9: Cylindrical cold moderator (45 cm diameter) with three openings for NNBAR, UCN and neutron
scattering experiments. The SD, converter has a fixed thickness of 2 cm (a) design with tentative
dimensions and (b) design with reentrant-hole depths and Be filter that maximise Pucn. The cut
is parallel to the target plane with the neutron beam impinging from the left.



Massie SD In Twister

Option Volume Pucn Nycn Heat
[liters] [em™ s1] [s] [Watt]
SD, thin slab in twister - location 1
Fig. 5 1.81 3.1 x 10° 5.6 x 10° 760
Fig. 6 1.75 7.7 x 10° 1.4 x 107 2910
Fig. 7 0.38 1.3 x 10° 5.0 108 560
Fig. 9 0.13 1.7 x 10° 2.2x 10° 520
full SD> in twister - location 1
48.2 6.56 x 10° 1.32 x 10° 39886
SD> thin slab in MCB - location 2
Fig. 18a 0.91 3.8 x 10* 3.4 x 107 159
He-Il in MCB - location 2
Fig. 21 24.3 2160 5.23 x 10’ 328
He-Il in LBP - location 4
Fig. 24 58 369 2.1 x 107 8

He-ll in beam - location 5

in-beam (D4.3) 114 234 1.53 x 107

Considerations:

ALikelyveryOK | f £ SY 3 Ay 3.

A Otherwise asother in-pile SI?



Void gap
Cold Al
ND layer

SD,

UCN production
layer

UCN production
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-40 -20

(a)

Figure 10: MCNP model of a 41 x 48 x 24 SD, moderator for VCN and UCN production. (a) vertical cut,
perpendicular to the proton beam direction. The inset zooms on the 5-mm ND reflector layer
and its aluminum case (b) cut parallel to the target plane with the neutron beam impinging from

the left.




@ Thn SD in Moderator Cooling Block

Option Volume Pucn Nycn Heat
[liters] [em™ s1] [s] [Watt]
SD, thin slab in twister - location 1
Fig. 5 1.81 3.1 x 10° 5.6 x 10° 760
Fig. 6 1.75 7.7 x 10° 1.4 x 107 2910
Fig. 7 0.38 1.3 x 10° 5.0 108 560
Fig. 9 0.13 1.7 x 10° 2.2x 108 520 _ _
full SD> in twister - location 1 CO”SlderatlonS
Fig. 10 48.2 6.56 x 10° 1.32 x 10° 39886 ALOWGI’ overall statistics
SD> thin slab in MCB - location 2 AShortereXtraC’[lonpa’[h (7)
Fig. 18a 0.91 3.8 x 10* 3.4 x 107 159
s A Sameverticalposition
Fig. 21 24.3 2160 5.23 x 10’ 328 A Otherwise same spectrum
He-Il in LBP - location 4
Fig. 24 58 369 2.1 x 107 8

He-ll in beam - location 5

in-beam (D4.3) 114 234 1.53 x 107
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(a) (b)

Figure 18: (a) Thin box-shaped SD, UCN converter placed in MCB. (b) Pycy map in the yz plane measured
at the NNBAR emission surface.
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He-ll iIn Moderator Cooling Block

Option Volume Pucn Nycn Heat
[liters] [em™ s1] [s] [Watt] . .
SD, thin slab in twister - location 1 ConSIderatlonS
Fig. 5 181 31x10°  56x10° 760 AUCNextractionand heat load
Fig. 6 1.75 7.7 x 10° 1.4 x 107 2910 _— :
e . i oo - ADlIutl_on/transport time an_d loss
Fig. 9 0.13 1.7 x 10° 2.2% 10° 520 ACO”U”UOUS)deUC“Oﬂ or fl||/empty'7
full D, in twister - location 1 A Softspectrumcannotgo uphill
Fig. 10 48.2 6.56 x 10° 1.32 x 10° 39886
SD> thin slab in MCB - location 2
Fig. 18a 0.91 3.8 x 10* 3.4 x 107 159 - .
He-Il in MCB - location 2 ASClence cases.
Fig. 21 >4.3 5160 593 x 107 328 AHost bothstorage/flowthrough users
He-Il in LBP - location 4 ALow density / long storage (lifetime?
Fig. 24 58 369 2.1 x 107 8

A Staged experiments

in-beam (D4.3)

He-ll in beam - location 5

114 234 1.53 x 10’



Figure 21: MCNP model (Concept 1 “coaxial shell design”) of He-ll source in the MCB. See explanation in
the text.



®

Hell iInLarge Beam Port

Option Volume Pucn Nycn Heat
[liters] [em™ s1] [s] [Watt]
SD, thin slab in twister - location 1
Fig. 5 1.81 3.1 x 10° 5.6 x 10° 760
Fig. 6 1.75 7.7 x 10° 1.4 x 107 2910
Fig. 7 0.38 1.3 x 10° 5.0 108 560
Fig. 9 0.13 1.7 x 10° 2.2x 10° 520
full SD> in twister - location 1
Fig. 10 48.2 6.56 x 10° 1.32 x 10° 39886
SD> thin slab in MCB - location 2
Fig. 18a 0.91 3.8 x 10* 3.4 x 107 159
He-Il in MCB - location 2
Fig. 21 24.3 2160 5.23 x 10’ 328
He-Il in LBP - location 4
Fig. 24 58 369 2.1 x 107 8
He-ll in beam - location 5
in-beam (D4.3) 114 234 1.53 x 107

Considerations:
AUCN extraction and heat load
ADilution/transport time and loss
A Soft spectrum cannot go uphill
ACloser to experimental areas

AScience cases:

ALarger volume more easily fills small
experiments (or permits shared use)

AHow will extracted densities compare
to Hell in MCB? (Volumgyuiding

AIn-situ experimentsmaybe possibl&



.D =
—_ I void
g T
> 20 = Hedl
_40 L
[ T | T | RO NN

-300 -280 -260 240 -220 200
X [em]

Figure 24: Left: MCNP geometry showing the He-ll source backed by a LD, reflector in the large beamport,
concept of Serebrov and Lyamkin [4]. Right: The geometry and the materials used in the UCN
source located at LBP plotted by PHITS 3.27 [35].



@ He-ll Inextracted beam

ween e e e o Considerations:
SD, thin slab in twister - location 1 ABest environment for backgrounds
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(2) Electromagneti&/oments(chargeEDMMDM, etc.)
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(2) EDMs and the need for complementarity

Nowusingalsa (SMD, 2023 update)
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(2) Neutron Decay Parameters

ALifetime: UCN lead the world A Discrepancy limited by beam
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ARadiative decay A Very lowbranchingratio

ADecay correlationgesp.Aandbfor UCN) A Systematics are challenging; cold
neutrons are very powerful here*
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(2) Gravitational Quantum States
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