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PF2

In-pile thermal flux 1015n cm-2s-1

Two cold liquid D2 sources
1 UCN source (turbine)
2 superliquid 4He sources
1 hot source

~ 150 days/year DC operation

NPP at ILL



Neutrino activities
• STEREO (short base line neutrino oscillation experiment)
• RICOCHET (Experiment on coherent neutrino nucleus scattering)

UCN activities
• PF2 (Mirror neutron, qbounce, 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)

Outline
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Neutrino activities at ILL



Reactor antineutrino anomaly (2011): ~6%
Sterile neutrino: sin2 2𝜃𝑒𝑒 ~0.17, Δ𝑚41

2 ~2.3 𝑒𝑉2
Daya Bay, RENO, Double Chooz (2014):
Excess - “5 MeV bump”

• 6 identical cells
• Gd-loaded (0.2% in mass)
• PSD for background discrimination
• Vtot = 1.8 m3

Phase II+III:
~350 reactor days 
~700 off days 

Exclude most RAA allowed parameter 
space at 95% CL for Δ𝑚41

2 < 4 𝑒𝑉2:
• No oscillation not excluded (p = 0.54)
• RAA best fit excluded at ≥ 4𝜎
• Neutrino-4 excluded at 3.1 𝜎
• Neos-RENO best fit excluded at 2.8 𝜎

Sterile neutrino constraints from



Since this publication further evaluation of data:

• Joint phase II + III unfolding (𝐸𝑟𝑒𝑐 → 𝐸𝜈)
• Bump observed (4.6 𝜎) at ~5.5 MeV
• Reference measurement of 𝜈-spectrum from 235U

• From antineutrino problem -> nuclear data problem
• A. Letourneau et al. (arXiv:2205.14594, sub. to PRL)

Antineutrino yield and spectrum of 235U(n,f) from



Hidden neutron limit from



• Detect Coherent Elastic Neutrino Nucleus Scattering with 
reactor antineutrinos

• Measure nuclear recoil spectrum 
• with different detector materials:
• Weinberg angle
• Search for neutrino magnetic moment with sensitivity of 10-11 μB

• 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 Eν~1 MeV (nuclear physics 

processes in core, non-proliferation)
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New Neutrino activity: coherent scattering



CryoCube (French partners) Q-array (US partners)

• Ionisation/heat for semiconductor 
bolometer (Ge, 27x30 g)

• 50 eV heat threshold demonstrated
• 10x improvement of ionization by 

HEMT preamps & optimisation

• Pulse shape of heat signal for 
superconducting metal (Zn, 9 x 40 
g)

• New concept:
• Excellent theoretical 

performance (Δ𝐸/𝐸, 
particle ID) not yet 
demonstrated

• Single channel readout -> 
scalable

~ 15 mK

▪ 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

Detectors and Setup



Neutrino activities
• STEREO (short base line neutrino oscillation experiment)
• RICOCHET (Experiment on coherent neutrino nucleus scattering)

UCN activities
• PF2 (Mirror neutron, qbounce, 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)

Outline



Provides:
• High reliability during 150 

days of reactor
• DC operation
• Complete UCN/VCN 

infrastructure
• Very versatile setups
• 4 beams of UCN
• 1 beam of VCN

18

PF2 today: Available UCN flux
…recent data (February 2020)

Total output:
• PF2/EDM: 733.000 cps (no corrections applied)

(detector efficiency: 80%)
• PF2/UCN: 89.7% of PF2/EDM
• PF2/MAM: 36.9% of PF2/EDM
• PF2/TES: 05.9% of PF2/EDM

For PF2/EDM, the flux was measured at a distance of 1.5m behind the shutter.  All measurements were performed with an Aluminium 
window (100µm) in place, necessary to separate the vacuum of the turbine from the vacuum of the experiment.

T. Jenke & S. Roccia
thanks to U. Köster (gold foil activation analysis) & M. Jentschel (help with optical calibration of the chopper)
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Turbine blades

Beam switcher

GRAVITRAP
70% data taken
On hold since 2019



Setting limit for mirror neutrons at
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• 𝐸𝑛 = −𝑚𝑔𝑧0 AiZero(𝑛)

• 𝑓 ≲ 1 kHz~ 4 peV

Neutrons on a mirror

06/07/2021 Jakob Micko
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The Experiment

06/07/2021 Jakob Micko

© ecliptique laurent thion
http://ecliptique.comTobias JENKE

Public Talk of 103rd Scientific Council of the Institut Laue-Langevin
06/11/2020
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Preliminary

06/07/2021 Jakob Micko

Preliminary

972.89±0.20 972.76±0.11𝑓 [Hz]:

Drop: 42±6 % 69±5 %

972.77±0.14

44 %

Talk of Jakob Micko -> Wednesday
Poster of Joachim Bosina

qBounce: Gravity Resonance Spectroscopy at

From Rabi to Ramsey: pushing sensitivity by 3 orders of magnitude



Physik Department E21 & E18, TU München, Germany

S. Döge, Fig. 2.1 & 4.2, Dissertation (TU München), 2019.

Measurement of the total transmission cross 
section of UCN in sold ortho D2



Conversion volumeP2 Superconducting
octupole magnet

He bath
(100 l)

Superfluid He column

3He cryostat

converter cryostat
P2-Magnet cryostat 
(at present P1 version)

3He/4He heat 
exchanger

UCN conversion

A few challenges:
• Cryostat for < 0.6K in beam 

operation 
• Rectangular n-guide to 

round converter
• 3 m cryogenic conversion 

volume
• 3 m long octupole 2T field
• …

SuperSUN – a new high density source of UCN at ILL

Phase I: no B-field
Phase II: 2.1T B-field



Octagonal Supermirror neutron guide 
allowing to transfer rectangular guide 
neutrons into round converter

R&D laser welding of 
Ni+M3 Supermirror

Final converter 
volume

Replica/multilayer

n-absorber

Steel tube

Integration into stainless steel 
vessel for cryostat

Conversion volume destroyed by  technical incident
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Coating with CYTOP for better 
UCN storage time

Reflectivity 
measurement of 
supermirror

From cold towards ultra-cold neutrons



T. Neulinger PhD-Thesis

Preliminary evaluation:
Longest-lived component
…consistent with CYTOP

Storage time of 
CYTOP coated 
Aluminum

Component tests at SUN2 and



Simulations by M.Thomas (ILL)

R&D towards a 3m long superconducting magnet



Installation ready for 
commissioning once new 
converter volume is 
installed

Posters
E. Chanel, Hanno Filter

Phase I implementation in ILL22 guide hall



Preparing interface of Phase I to PanEDM

PanEDM Status and Overview

Hanno Filter for the panEDM collaboration115.02.2021

D. H. Beck2, E. Bourgeat-Lami4, T. Chupp3, S. Degenkolb4,7, K. Fierlinger1, P. Fierlinger1, H. Filter1, Lucas 

Hopf1, S. Ivanov5, C. Klau1, M. Kreuz4, E. Lelièvre-Berna4, T. Neulinger2, P. Nordin1&4, M. Pieler1&4, L. 

Romano1, M. Rosner1, A. P. Serebrov5, R. Stoepler1, S. Stuiber1, X. Tonon4, M. Tucker6, David Wurm1, M. 

van der Grinten6, O. Zimmer4, A. Zinth1  

1 Physikdepartment, Technische Universität München, Garching, Germany 
2 Department of Physics, University of Illinois, Urbana IL, USA  

3 Department of Physics, University of Michigan, Ann Arbor MI, USA  
4 Institut Laue-Langevin, Grenoble, France 

5 Petersburg Nuclear Physics Institute, Gatchina, Russia  
6 STFC Rutherford Appleton Laboratory (RAL), Didcot, UK 

7 Physikalisches Institut, Universität Heidelberg, Heidelberg, Germany

Sensor Concept

Experimental Results

Further Development
Summary

Summary

All-optical and non-magnetic sensor design

Drift of < 100fT at 10 minutes

Center-magnetometer and sensor array upcoming

M. Rosner Opt ical Cesium Magnetometer

2 Hanno Filter15.02.2021

Outline

• PanEDM 

• Overview/Setup/Goal

• Selected Systems

• SuperSUN

• Magnetic Environment 

• Glass Guide System

• Detector System

• Conclusion / Outlook

6 Hanno Filter12.02.2020

1. Neutron guide H523

2. Experiment platform

3. Magnetically shielded room

4. Clean room

5. Neutron guide and detection section

6. 3He Pumps

7. Ultra-cold neutron source - SuperSUN

PanEDM Overview

Wurm et al. PPNS, 2019

• Vibration decoupling by 

separated concrete foundation.

• Dedicated grounding and power 
connection.

• Clean environment for setup 

preparation.

• During operation, optical/

electrical access through clean 
room. Fixed laser setup in clean 

room.

Installation at ILL
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7 Hanno Filter

After completing clean environment and PanEDM 
infrastructure, we are focusing on UCN transport and the 
magnetic environment. 

• Clean room in operation and new lab since winter 2020.

• First neutron guiding system produced.

• Source switch and three-way switch are currently 
integrated.

• Beam times at PF2, Trigger Mainz, and SUN2 to test 
components. 
> three-way switch, storage vessel, and storage valves, glass 
guides, detectors, coatings, etc..

• First magnetic field maps and set up of the vacuum 
chamber at ILL.

• CS-magnetometer operational since March.  
We are investigating time stability of m. environment.

• Detector system adapted and verification ongoing.

• And more! (IT, electrics, grounding,  gas, cooling water…)

Cascade detector

Spin analyzer

Vacuum chamber

Elect rode stack

Three-way switch

Source switch
Wurm et al., 2019

07.10.2022

panEDM Overview

45

Wurm, 2021

Posters
E. Chanel, Hanno Filter



Interferometry with VCN: longer interaction 
times, larger area, no crystals

Development of 
efficient gratings 
needed

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

Towards state of the art interferometry with VCN 
at
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Pf1b – cold neutron facility

Unpolarized beam cross section: 6x20 cm2

Polarized beam cross section: 3x4.5cm2 or 6x8cm2

Un-polarized capture flux: 2x1010 n cm-2s-1

Polarized capture flux: 3x109 n cm-2s-1

Beam height above ground: 140 cm
Mean neutron wavelength: 4-4.5 A

PERKEO III

ASPECT

Beam-EDM

Talk of B. Märkisch Talk of U. Schmidt
Talk of I. Schuldthess

EXILL

STEFF
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Mott-polarimeter for electrons from Neutron decay in BRAND experiment 

 

Introduction & Motivation 

Measurement of the angular correlations in the decay of 

polarized cold neutron with full kinematic reconstruction 

of event

Differential decay rate of polarised neutron :

If  𝝈
Ł
Ł 0 Ł access to coefficients X(=H, L, N, R, S,U,V ), which 

are linear combination of BSM  -  scalar and tensor couplings:

 

One sector (1/6) of BRAND ultimate setup

How ?

Idea

Why ?

 

Pilot run  (BRAND-0)

Experimental setup of BRAND-0 with polarised cold neutron beam in PF1B 

areal at  ILL, Grenoble in Sept -2020.

        Mott-Polarimeter 

(Electron detection system)

Comp onents  

fo reseen  in  

stand ard  model

Potent ia l  BSM Physics ?

X

   Schematic of  BRAND-0 setup 

1) M. Smoluchowski Institute of Physics, Jagiellonian University, Kraków, Poland

2) H. Niewodniczański Institute of Nuclear Physics, Polish Academy of Sciences, Kraków, Poland

3) Institute of Nuclear and Radiation Physics, KU Leuven, Belgium

4) Institut Laue-Langevin, Grenoble, France

5) Dep. of Physics and Astronomy, North Carolina State University, Raleigh, USA

6) Dep. of chemistry TRIGA site, J. Gutenberg University, Mainz, Germany

This work has been supported in part by The National Science Centre, 

Poland, under the grant No. UMO-2018/29/B/ST2/02505

Electron 

track 

reconstruct-

ion in the

polarimeter

triggered by 

the 

back-scintillat

or 

     (a)                     (b)                           (c)                             

                               

During the experiment two different thickness of Mott scatterer 

were used (1) 4 µm  (2) 16 µm. Former covered full area and 

the latter covered half area  of the detection system. 

3D reconstruction of vertex on mott foil
Neutron Beam

Detector performance    Results  

In September 2020, first short test  (5 days) measurement of 

prototype of BRAND apparatus has been performed at 

neutron facility (PF1B ) of   Institut Laue-Langevin (ILL), 

Grenoble.

Electron tracker (polarimeter)

           

Decay chamber

Full 

Mott

Half

Mott

Projection of events triggered by the back scintillator on 

chamber window 

1D (Y- axis)          

Effective position resolution of the tracking methods :

By setting cuts on PMT signal of the back scintillator it is possible to 

select events.

 In Y  direction  (drift time)                                                     

PMTs

W ith drift-time , 𝚫r ~ 0.4 mm 

R (mm)

 Δ
r 

(m
m

)

Vertex reconstruction 

from V-tracks of Mott 

scattered electrons  

shows the exact position 

of the Mott foil.  

(~ 370 mm)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

Angular distribution of 

scattering angles (δ)  from 

Mott scattered events (in 

drift-time plane) with vertex 

reconstructed close to the 

Mott foil position.

𝛅 degree

Conclusion

Results from the  first  test run are promising. They prove 

that the experimental techniques applied in BRAND 

experiment are efficient and precise. 

The next four weeks long experimental campaign 

dedicated for real measurement of the correlation 

coefficients will start on 15th September 2021.  

Mott scattered electron registered in 

Mott scintillator  (V-track event) 

W ith charge division technique , 𝚫z ~ 5.0 mm 

“ Search for 

BSM physics via transverse electron polarisation”  

The asymmetry in  Mott 

scattering is the key factor to 

measure the transverse electron 

polarisation:

S
eff

 (δ) - Effective Sherman function

 In Z  direction  (charge division )

Significant improvement of constraints on ReS, ReT, 

ImS, ImT if precision of H, L, N, R, S, U, V  

measurement:

 5 x 10
-4 
Ł  impact on constraints of models of 

leptoquark exchange model, R-parity violating MSSM 

and parameters of EFT.

 2D (YZ-plane)

Ł  Optimized low mass, 

     low -Z, hexagonal cell 

     structured Multi W ire Drift 

     Chamber (MW DC) with double

     readout.  

       XY Ł  Drift-time

       Z Ł  Charge division technique

Ł  “ Mott foil ” ~ 4µm (Pb) for  

     measurement of transverse 

     electron polarisation   

Ł  Plastic  scintillator for energy 

     measurement 

    

 

         

Talk of K. Bodek

Large Particle Physics Experiments

Large Nuclear Physics Experiments



107x  sensitivity enhancement by diffraction

~107

V.V. Voronin et al., Physics Letters B 809 (2020) 135739



A new advanced solid-state polarizer for cold neutrons

Transmission of good spin component

>99.7% Polarization performance
over full spectrum and divergence 
of PF1b

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 10B(n,a) in glass substrate

New Polarizer: 
• (603)Fe/Si +Gd coating on 

Sapphire
• Higher potential – no 

reflection of “bad” spin 
• more compact 

Δ𝜙 < 1 mrad

Assembling 400 plates
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A. Aleksenskii et al., Nanomaterials 11 (2021) 3067; 

Towards new reflectors and moderators for VCN sources

Innovative moderator materials for VCN:

• Clathrates – crystalline water-based solids
• With guest molecules trapped inside cages
• Weakly absorbing
• Large albedo for cold neutrons

Poster by Valentin Czamler



• 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

Activities with cold neutrons at PF1b
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• 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

• Nuclear Data:

Activities with cold neutrons at PF1b

• High-energy end of fission neutron spectrum: 
Irradiation 235U with (n,x) monitor foils

• High-energy end of gamma neutron spectrum
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2. Which way via weak measurement:

3. Which way via weak measurement and feedback compensation:

Which way experiment at S18
1. Which way experiment via double slit:



q -alignment

r -alignment

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

Δ𝜃
< 0.1 𝜇𝑟𝑎𝑑
Δ𝜌 < 1 𝑛𝑟𝑎𝑑
Δ𝑦 < 1 𝜇𝑚
Δ𝑥 < 10 𝑝𝑚

Next step: Building combined X-ray, Optical- and 
Neutron interferometer

Demonstration of split crystal



Nuclear Physics

The “Instrument - web” of NPP

Particle Physics

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

Instrumen-
tation and 

Applications

FIPPS

S18

PN1

PF1B

PF2

Super
SUN

GRANIT**

PN3* V4

TENIS

* Shut down for technical reasons in 2017
** shut down by Management decision in 2021
*** finished in 2021

EXT

ILL

STEREO***

RICOCHET


