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Outline

Neutrino activities

e STEREO (short base line neutrino oscillation experiment)
* RICOCHET (Experiment on coherent neutrino nucleus scattering)

UCN activities

* PF2 (Mirror neutron, , D2 cross section, VCN optics)
» Status of SuperSun and PanEDM

Cold Neutron activities
 PF1B ( , diffraction enhancement, new

polarizer, optimizing VCN production/transport)

Thermal neutron activities
» S18 (which way experiments, split crystal interferometer)
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Physics Letters B

Volume 99, Issue 3, 19 February 1981, Pages 251-256

ELSEVIER

Absolute measurement of the beta spectrum from
235U fission as a basis for reactor antineutrino
experiments

K. Schreckenbach *, H.R. Faust 3 F. von Feilitzsch ©, A.A. Hahn °, K. Hawerkamp 2, J.L. Vuilleumier b
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Antineutrino yield and spectrum of 23°U(n,f) from

PHYSICAL REVIEW LETTERS 125, 201801 (2020)

Accurate Measurement of the Electron Antineutrino Yield of 23U Fissions from the
STEREO Experiment with 119 Days of Reactor-On Data

Joint phase Il + Il unfolding (E;¢. = E)
Sump observed (46 o) at 5.5 Mev
V. Sergeyeva s T Soldnero.s A, Sutzor and M. Vialae® Reference measurement of v-spectrum from 23°U
* From antineutrino problem -> nuclear data problem
* A. Letourneau et al. (arXiv:2205.14594, sub. to PRL)

Since this publication further evaluation of data:
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Hidden neutron limit from

Searching for Hidden Neutrons with a Reactor Neutrino Experiment: Constraints from

PHYSICAL REVIEW LETTERS 128, 061801 (2022)

the STEREQO Experiment
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H. Almazén,l’* L. Bernard,z’T A. Blanchet,3’3t A. Bonhomme,1 C. Bucldlb,1 P. del Amo Sanchezﬂb,4 1. El Atmanitbf’§ 10'7
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New Neutrino activity: coherent scattering /[
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* Detect Coherent Elastic Neutrino Nucleus Scattering with
reactor antineutrinos e =

F oa. i --'}ﬁ??é
* Measure nuclear recoil spectrum R I B @ B H T

ith di : A Coherent Neutrino Scattering Program
* with different detector materials: utri ing g

* Weinberg angle
* Search for neutrino magnetic moment with sensitivity of 101!
* Improve limits on new massive mediators Z’

* Discover or exclude non-standard neutrino-quarks neutral-current
interactions in the low-energy sector

* Reduce uncertainties in the CENNS cross-section
* Precise recoil spectrum for 235U down to £,~1 MeV (nuclear physics

processes in core, non-proliferation) I l I i I— @
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lonization sensors

~ 15 mK

lonisation/heat for semiconductor «  Pulse shape of heat signal for

bolometer (Ge, 27x30 g) superconducting metal (Zn, 9 x 40

50 eV heat threshold demonstrated g)

10x improvement of ionization by *  New concept:

HEMT preamps & optimisation *  Excellent theoretical
performance (AE/E,
particle ID) not yet
demonstrated

*  Single channel readout ->
scalable

Currently preparation of experimental zone

until spring 2023 installation of shielding

Validation of shielding during 2023 reactor operation
Installation and commissioning until autumn 2023

(1) Horizontal scintillator panels
(2) Vertical scintillator panels
(3) Cryogenic veto element

Veto (plastic
scintillators)

Double support
structure o
cryostat

Cryostat

Bolometer
detectors

Borated PEHD

Lead

Shielding rails




Outline

Neutrino activities

e STEREO (short base line neutrino oscillation experiment)
* RICOCHET (Experiment on coherent neutrino nucleus scattering)

UCN activities

e PF2 (Mirror neutron, gbounce, D2 cross section, VCN optics)
e Status of SuperSun and PanEDM

Cold Neutron activities
 PF1B ( , diffraction enhancement, new

polarizer, optimizing VCN production/transport)

Thermal neutron activities
» S18 (which way experiments, split crystal interferometer)
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Neutron guide TGC
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Neutron guide TGV
Tube Guide Vertical
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Ph shutter
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* High reliability during 150
days of reactor

* DC operation

* Complete UCN/VCN
infrastructure

* Very versatile setups

* 4 beams of UCN

* 1beam of VCN

Total output:

*  PF2/EDM: 733.000 cps (no corrections applied)
(detector efficiency: 80%)

. PF2/UCN: 89.7% of PF2/EDM

d PF2/MAM: 36.9% of PF2/EDM

*  PF2/TES: 05.9% of PF2/EDM

velocity spectra of PF2 beam ports

* PFYEDM beam port Vi peak Vi, mean Vie.rms
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On hold since 2019



Setting limit for mirror neutrons atPF i’l@_@
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Turbine UCN beam experiment
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e High UCN rate (~1 MHz):
This experiment was the first test of the
n2EDM counter GADGET

o e Simple approach: Look at the neutron
Liquid di . _
isappearance as a function of AE = pB_;

D5 cold source

n —n' OSCILLATIONS: SENSITIVITY OF A FIRST UCN BEAM

EXPERIMENT
D20 tank
|-| W. SAENZ-AREVALO? on behalf of the collaboration MURMUR [2]
G. Ban?, J. Chen?, P.-J. ChiuP, B. Clément®, M. Guigue?, T. Jenke®, P. Larue®, T. Lefort®, O. S—

g === STEREO[3]

B oNs (g

—@— UCN storage anomaly [5]
This work (preliminary)

Naviliat-Cuncic®f, B. Perriolat®, G. Pignol®, S. Roccia®®, P. Schmidt-Wellenburg®
“ Laboratoire de Physique Corpusculaire, Caen, France; ® University of Zurich, Zurich, Switzerland;
¢Laboratoire de Physique Subatomique et de Cosmologie, Grenoble, France; Laboratoire de Physique
Nucléaire et des Hautes Energies, Paris, France; Institut Laue-Langevin, Grenoble, France; fMichigan
P _ State University, Michigan, United States; 9 Paul Scherrer Institute, Villigen, Switzerland 190 L
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gBounce: Gravity Resonance Spectroscopy at P
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Measurement of the total transmission cross P>
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section of UCN in sold ortho D, oMo Fonscence NGUTRONS
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S. Doge, Fig. 2.1 & 4.2, Dissertation (TU Miinchen), 2019. PHYSICAL REVIEW B 106, 054102 (2022)

||| Direct measurement of the scattering cross sections of liquid ortho-deuterium for ultracold neutrons
s and comparison with model calculations

Stefan Doge ®,"2" Jiirgen Hingerl ®,'> Winfried Petry ©,>3 and Christoph Morkel ®?
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SuperSUN — a new high density source of UCN at ILL [/ §
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UCN extraction guide
Phase I: no B-ﬁeld 4 free neutron superfluid helium
. dispersi Tispers;
Phase ll: 2.1T B-field fe L " Eperen Epemet
1.l L O 0l et |
L/ e \ &
. O O safes Superfluid *He converter Neutron beam I .
He bath ‘0 (}. 2\ Z ? 1
(100 ) !‘ . ; !\ w ﬁ g :
. Current bars of UCN valve =
3He cryostat multipole magnet Beam window :
1
L
L

wavenumber k

P2-Magnet cryostat
) converter cryostat (at present P1 version)
* Rectangular n-guide to

.
. P2 Superconducting
round converter

LLON e — 5 * 3 m cryogenic conversion
“““““““““““ . volume
Cold neutrons  « 3 m|ong octupole 2T field

A few challenges:
* Cryostat for < 0.6K in beam
operation

Conversion volume

3He/*He heat Superfluid He column 3m _
exchanger «—
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Octagonal Supermirror neutron guide
allowing to transfer rectangular guide
neutrons into round converter

& 4™ S-DH

R&D laser welding of
Ni+M3 Supermirror

= s-DH

Final converter ~ Coating with CYTOP for better Integration into stainless steel

volume UCN storage time vessel for cryostat
| Neurn Reflemivy of Supermier Conversion volume destroyed by technical incident
10 e y Z %, N
09 __" e s ¥ A\
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7 : 5 ! - E’ 05 sample: —— K measurement of
= s =5 o
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Component tests at SUN2 and IPIF= i’l

ULTRACOLD NEUTRONS FOR SCIENCE
NEUTRONS

g Storage time of P } s
A w0 §34 QA
*», CYTOP coated te s
% Aluminum 7 '
LN » ;
£ h b s . Storage constants: 24.85 (5s)
& ¥ 0 ! T o .
' , Preliminary evaldation:
. oY .
: i ! Longest-lived component
N : ...consistent withjCYTOP

" “
Storage tme [5)

Measurement sequence

Open UCN from SUN-2

Closed » \ UCN switch s :
Time (Filing, Emplying) 1000 1500 2000

Holding time (s)

2
=
@
Filling —
:g ng
o

Emptying L—ou—+1 L — I = Time
%‘” % g’b ;" ls’q- g”’ 6’ ,;4:. ; etector
9 * N o % i (65 em below beamline}

B U /

5 & /

.
2 ™~
1 = X
ST = z
4 4 (Gravity into the page)

Figure 3.3: Overhead diagram of storage experiment, not to scale. Measurement timing sequence indicated
at top with varying f,e.... Gravity into the page. All elements are shown in the horizontal plane, except for
the UCN detector, whose aluminum entrance window sits 650 mm below the axis of the bottle. (1) storage
bottle; (2) coated steel bottle plug: (3) removable steel entrance cover; (4) temperature sensors—only two
are shown, there are four in total: (5) heater; (6) thermal anchoring to first stage of pulse-tube refrigerator
(not shown); (7) thermal anchoring to second stage; (8) thermal screen; (9) vacuum vessel.



7L towards a 3m long superconducting magnet Kq: ELYTT ENERGY gg!
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Simulations by M.Thomas (ILL)

Solénoide additionnel
centré surz =0.1825m
Ty = 43.65 mm
t=05mm
[ =20 mm
NI= 159155A1
NI /m=2x39788.74 At/m
B, = 2245 mT

Solénoide axial (Jul[o 4/90 - )
Ty = 43.65 mm
L =345mm
t=05mm
NI=13727.114 Azt
NI/m =39788.74 A.t/m

Beontre = 50 mT

Disque d’analyse fine
0.180m <z<0.185m

<«
‘\‘ e
a1 . .-

@ ELYTTENERGY
W\

F @ ELYTT ENERGY
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Phase | implementation in ILL22 guide hall gg{

'ﬁ;i\ﬁg ,

Installation ready for
commissioning once new
converter volume is
installed

Posters
E. Chanel, Hanno Filter




Preparing interface of Phase | to PanEDM TI_ITI"’

FOR SOCIETY
I. Neutron guide H523 ) @ 'll ﬁ I'll
- ORIGINS “ B4R PTB W7
2. Experiment platform (‘ExcellenceCI ster Em"mcmsm ILLI NOIS = NEUTRONS e o« MICHIGAN STATE e ot
3. Magnetically shielded room s PHYSICS INSTITUTE
4. Clean room 5. Neutron guide and detection section
6. 3He Pumps Posters

7. Ultra-cold neutron source - SuperSUN E. Chanel, Hanno Filter

Installation at ILL SuperSUN Cold beam panEDM
Lead shield 5

*He cryostat

Vac. pumps SP  UCN optics MSR Wurm, 2021
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Towards state of the art interferometry with VCN "ll )
< wien
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Interferometry with VCN: longer interaction ioconing VN
times, larger area, no crystals

(b)

Collimation
tube

0.5+
Collimation ’
0 aperture s1
0 2n 4n O '
x Ti/Ni
supermirror

2D detector

Development of
efficient gratings
needed

Nanodiamond

Monomer

Macromolecules
(formed polymer)

Hadden et al. Proc. SPIE
12151, Photosensitive
Materials and their
Applications Il, 1215109
(2022)




Outline

Neutrino activities

e STEREO (short base line neutrino oscillation experiment)
* RICOCHET (Experiment on coherent neutrino nucleus scattering)

UCN activities

* PF2 (Mirror neutron, , D2 cross section, VCN optics)
» Status of SuperSun and PanEDM

Cold Neutron activities
 PF1B (BRAND, PERKEOIII, Beam EDM, diffraction enhancement, new
polarizer, optimizing VCN production/transport)

Thermal neutron activities
» S18 (which way experiments, split crystal interferometer)
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Pf1b — cold neutron facility V[ /|

. . . NEUTRONS
Large Particle Physics Experiments FOR SOCIETY

Shutter | Neutron Guide Beam stop

===

(old source

The different options B =

allowing beom A o e o

b Casemate PF1 Experimental zone PFI
Unpolarized beam cross section: 6x20 cm? vl (T
Polarized beam cross section: 3x4.5cm? or 6x8cm? :
Un-polarized capture flux: 2x101%n cm=2s? 3 ‘ Piind -5.29% 4
Polarized capture flux: 3x10° n cm2st 3 l | / ~ ASPECT :
Beam height above ground: 140 cm ‘ T i : Talk of I. Schuldthess
Mean neutron wavelength: 4-4.5 A Talk of B. Markisch Talk of U. Schmidt

PR |

S e, L
f K. Bodek
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107x sensitivity enhancement by diffraction
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mo
3\
\ I< ~ 2 . 1 05 ta nz 9 Fig. 3. Schematic view on probing silicon crystal and magnetic field guide: a — prob-
€Xp B ing silicon crystal, b - rotation stage (also part of field guide), c - neutron beam exit
area, d - permanent magnets, e — magnetic field guide, f - piezomotor positioner
of exit slit S3 (slit is not shown).
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A new advanced solid-state polarizer for cold neutrons [/ §
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Old Polarizer: Co/Ti/Gd coating on borofloat glas: P=0.985, T=0.49 or in X-geometry P=0.997, T=0.25
Activated due to Co, damaged due to °B(n,a) in glass substrate

New Polarizer: . o®
* (603)Fe/Si (\e\) ot

®©
Y W -
AN

Mechanical driver

0-96-; >99.7% Polarization performance '
: over full spectrum and divergence F
0,94 of PF1b £
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Towards new reflectors and moderators for VCN sources ,ggg
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A. Aleksenskii et al., Nanomaterials 11 (2021) 3067; s ‘ 13.1
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Innovative moderator materials for VCN:

EUROPEAN

% SPALLATION

e Clathrates — crystalline water-based solids
e With guest molecules trapped inside cages

* Weakly absorbing
e Large albedo for cold neutrons

SOURCE




Activities with cold neutrons at PF1b V[ 4
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* BRAND, BeamEDM, PERKEO, ASPECT (Talks K. Bodek, |. Schulthess, B. Maerkisch, U. Schmidt)
 Diffraction Enhancement with cold neutrons

* New solid state polarizer

* New reflector materials based on Nanodiamonds

* New VCN moderator materials (Poster of V. Czamler)
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Activities with cold neutrons at PF1b V[ 4
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« BRAND, BeamEDM, PERKEO, ASPECT (Talks K. Bodek, I. Schulthess, B. Maerkisch, U. Schmidt)
* Diffraction Enhancement with cold neutrons

* New solid state polarizer

* New reflector materials based on Nanodiamonds

* New VCN moderator materials (Poster of V. Czamler)

* Medical Applications: BNCT

e Nuclear Data: Neutron Beam . High-.en.ergy end (?f fission neu.tron spectrum:
Irradiation 23°U with (n,x) monitor foils
' * High-energy end of gamma neutron spectrum
LaBr,(Ce) scintillator v fragment 8 8y 8 P
PHYSICAL REVIEW C 100, 044610 (2019)

Effects of the nuclear structure of fission fragments on the high-energy prompt
fission y-ray spectrum in **U(ny,, f)

H. Makii®,” K. Nishio®." K. Hirose. R. Orlandi. and R. Léguillon
Advanced Science Research Center, Japan Atomic Energy Agency, Tokai, Ibaraki 319-1195, Japan

T Ooawa



Outline

Neutrino activities

e STEREO (short base line neutrino oscillation experiment)
* RICOCHET (Experiment on coherent neutrino nucleus scattering)

UCN activities

* PF2 (Mirror neutron, , D2 cross section, VCN optics)
» Status of SuperSun and PanEDM

Cold Neutron activities
 PF1B ( , diffraction enhancement, new

polarizer, optimizing VCN production/transport)

Thermal neutron activities
e S18 (which way experiments, split crystal interferometer)

7/ |
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Which way experiment at S18

1. Which way experiment via double slit:
phase Shifter (x)

. - Measuring p1 = |(1|¢)|* directly in path |1) destroys interference
polarizer _
T— —— * Better measure only in the exit beams |+) = \}5 (\ 1)+ |2>)

~ Sl

STTOFf NEUTRONS
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absorber

2. Which way via weak measurement:

detector

 Mark particle in one path by spin rotation «
« Make @ small to maintain interference, measure many times

 Analyze spin = Weak Value of path 1 projection operator
spin rotators

path [1) AR exit |+) = Path-1“presence”: <i|f[1¢) ai
- N3 Wiy = =
o« T @ Lay

|77/;> = ai | 1> + a9 |2> « Weak Measurement gives only ensemble average

a9

oath [2) 3. Which way via weak measurement and feedback compensation:

e » (3 compensates « and restores the initial spin state s B+
o= ) (“feedback”: optimal 3 depends on exit path &) 1=
: B‘;z » pure final spin state measured = vanishing variance
O+

1.5 |1

Wi+ = — LAt

ol

— Path presence applies to every single neutron.

05|l _ (+mlw

g eg.asymmetric a1 =2/V5 w1y =2/3 wi_ =2 Prwis +p_wi— =P
beamsplitter:  as = 1/v/5  woy =1/3 wo = -1
0 L L L L L L

™ g 3m
16 8 16

averaging weak values over final
probability to reach final states: P+ = 9/10 p-=1/10 states = original probability

e



Demonstration of split crystal INR|M

A6
< 0.1 urad
Ap < 1 nrad

Ay <1um Z
L

Ax < 10 pm Ga

ISTITUTO NAZIONALE
DI RICERCA METROLOGICA

wm MINSTITUT NEUTRONS

FOR SOCIETY

o]
o
o
o

(o)
o

H beam intensity (counts / 60 s)

o
e

élignment

4000 ¢

2000 |

e A\ A A s
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H. Lemmel et al., Journ. Appl. Cryst. 55 (2022) 870 -875

noise / pm Hz™1/2

Next step: Building combined X-ray, Optical- and
Neutron interferometer
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The “Instrument - web” of NPP [

/——H * Shut down for technical reasons in 2017 NEUTRONS
** shut down by Management decision in 2021 FOR SOCIETY

*** finished in 2021 G

RICOCHET

Thermal inpile

| Instrumen-
A tationand
Applications

All instruments contribute to a larger picture.
Main activity of NPP: Particle Physics, Nuclear Physics, Instrumentation & Applications.



