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NEWS 

from the Institut Laue-Langevin (ILL),Grenoble 

and especially from its 

Ultra-Cold Neutron (UCN) 

and 

Very Cold Neutron (VCN) installation PF2 

PF2 team 
 

Thomas Brenner, Peter Geltenbort and Sergey Ivanov 

Very Hot (fission) Neutrons 
 

107 eV 

Ultracold Neutrons 
 

10-7 eV 
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Earth 

Europe Setting the scene 

door to door (~3200 km): 12 hours 
..... or at least 30 hours by car (google map) 
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ALL UCN discoverers in the Audience 

… this paper is open for discussion 

          A. Steyerl            Yu.N. Pokotilovskii                  V.I. Lushchikov  A.V. Strelkov 
  Phys. Lett. 29B (1969) 33                                           JETP Lett. 9 (1969) 23 



(H. Schober) 

Everything started 50 years ago 
• Proposed in 1964 (Grenoble had knowledge + inclination) 

• Laboratory agreed upon in 1967 by France and Germany 
• Neél and Maier-Leibnitz 

Traité de l’Elyssé 22.01.1963 
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(H. Schober) 

Ideas become concrete 
 Reactor first critical in 1971 

 Operational for researchers (user service) in 1972 – 58 MW 

 UK joined in 1973 
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(H. Schober) 

…and new partner countries 

 France, Germany, UK 

 Scientific Partners 
- Spain   1987 
- Switzerland   1988 
- Austria    1990 
-

- Italy    1997 
- Czech Rep              1999  
- Sweden, Hungary    2005  
- Belgium, Poland   2006 
- Slovakia, Denm’k    2009 
- India    2011 

An annual budget of close to 100 M€ (6 BRUB) 

A capital investment of about 2 B€ (120 BRUB) 
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and hopefully again Russia in the not too far future .... 



7 (H. Schober) 

ILL today 

500 staff 

4500 users  

1400 proposals in 2011 

2000 user visits in 2011 

800 experimental sessions 

200 reactor days (> 99% beam) 

27 (+10) neutron instruments for users (+CRGs) 

600 refereed scientific publications 
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(H. Guyon) 

 2013-2014  11 months shutdown to perform essential 
   engineering work [post Fukushima] 

 Nevertheless...  3 cycles in 2013 and 2.5 in 2014 

 2015-  ‘Business as usual’ with 4 cycles  
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... but  

 post Fukushima work 

 also at other nuclear 

 installations in France required 

  

 amongst them 

 ILL’s fuel element producer! 

 



Neutron sources at the ILL 
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Cold sourceº (horizontal): 6 dm3 of liquid D2 at 25 K 

Hot source: 10 dm3 of graphite at 2400 K 

Cold source (vertical):   20 dm3 of liquid D2 at 25 K 

Ultracold 
Neutrons 

Cold 
Neutrons 

Reactor 
Neutrons 

Temperature (K) 

Energy (eV) 

10-8 101 103 

10-7 10-3 10-1 107 

Moderator: D20 at 300K  thermal neutrons  

ILL - Reactor 

Velocity (m/s) 5 800 2200 

Fuel (chain reaction): 235U(nth,f)  fission neutrons  
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 RHF fuel element 



Properties of UCN 
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λUCN ~ 1000 Å 

Ekin (~ 5 ms-1) = 100 neV (10-7 eV) 

Fermi potential ~ 10-7 eV 

Gravity 

ΔE=mn g Δh 

~ 10-7 eV / Meter 

Magnetic field 

ΔE= μn B 

~ 10-7 eV / Tesla 

UCN are totally reflected from  
suitable materials at any angle  

of incidence, hence storable! 
UCN are furthermore storable by  
gravity and/or magnetic fields 

Interaction with matter: 
 UCN see a Fermi-Potential EF 

EF ~ 10-7 eV for many materials, e.g.  

- beryllium          252 neV 
- stainless steel  200 neV 

Long storage and observation 
times possible (up to several minutes)! 

 
High precision measurements of 

the properties of the free neutron 
(lifetime, electric dipole moment, gravitational levels, …) 

 

TUCN ~ 2 mK 

Ultracold neutrons, that is, neutrons whose energy is so low that they can be 
contained for long periods of time in material and magnetic bottles 

Vn

Vn < Vcrit

Vn > Vcrit



Some KEYSTONES in early UCN RESEARCH 
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“Iron Curtain” 
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UCN discovery (independently on both sides of the Iron Curtain) 
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how UCN were “really” discovered in Dubna 
drawing courtesy of A. Strelkov 
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UCN discovery 

… by extracting 
neutrons from the 
low energy tail of 
the distribution in 
the source 

A. Steyerl 

A. Strelkov 

AS & AS 
Preparing a common experiment at PF2/EDM 

in  September 2010  
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The UCN/VCN facility PF2 

Reactor core 

Cold source  

Vertical guide tube 

Neutron turbine 
A. Steyerl (TUM - 1985) 

A. Steyerl et al., Phys. Lett. A116 (1986) 347 
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The Vertical Cold Source (VCS) 

P. Ageron, NIMA284 (1989) 197 (1986) 347 
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“Steyerl turbine” 
Doppler shifting device 

Very cold neutrons 

Ultracold neutrons 

Steyerl turbine 
at FRM-I (Munich) 

Steyerl turbine (2nd generation) 
at PF2 / ILL 
10 years later 

Generating Ultracold Neutrons (UCN) 



A bit of history 
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The PF2 beam facility 

PF2: Physique Fondamentale 2 
           2nd installation for fundamental physics 

4 positions for Ultracold Neutrons (UCN) 

- MAM 
- EDM 
- UCN 
 

- TES 

was : 

v = 5 ms-1 

ρ = ~50 cm-3 (at the experiment) 

1 position for Very Cold Neutrons (VCN) 

v = 50 ms-1 

Φ = 108 cm-2 s-1 - VCN beam 

is : 

v <= 7 ms-1 

ρ = ~20 cm-3 (at the experiment) 

W. Drexel, Neutron News 1 (1990) 23 
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Level D (now PF2) at the end of the 80s Level D (now PF2) at the end of the 80s and today 
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UCN facilities – Status and Future 

More and stronger UCN facilities 
in the future worldwide 

-  PSI (CH) 
-  Mainz / Munich (D) 
-  ILL (F) 
-  LANL / NIST / SNS /         
 NCSU (USA) 

-  RCNP (J) then TRIUMF (Canada) 
 JPARC (J) 

-  PNPI (RUS) 



(O. Zimmer) 

•     800 s  (upscattering @0.5 K and decay) 

•  P = 28 cm-3s-1 from 0.9nm flux * = 5.7×109/cm2snm in direct beam H172 

   UCN   104 cm-3  possible  at cold-neutron guide 

„phonon-roton“ dispersion 

of superfluid 4He 

free neutron dispersion 

q 

 

7 nm-1 

12 K 

R. Golub, J.M. Pendlebury, PL 53A (1975) 133 

converter   

cold neutron  

beam 

UCN production in superfluid helium 

UCN = P  
    -1 =  -1

decay + -1
upscattering + -1

capture + -1
wall losses 

capture (
4He) = 0 
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(O. Zimmer) 

Comparison PF2 - SuperSUN 

    PF2  SuperSUN 

UCN density [cm-3]   20  > 1000 

Total UCN flux [s-1]  5×105   5×105 

•  PF2 stays world-best high-current UCN source,  

    if not outperformed by new sources elsewhere 

  

•  SuperSUN will serve experiments using UCN in 

    storage mode with small-to-medium size storage vessels 

    (e.g. nEDM, neutron decay, gravitational levels) 
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Flagship experiments at PF2 
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… based on publ. in 1999 on “Dynamical converter at pulsed sources” (A. Stoica’s talk) 
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Neutron Transport (Cu sphere as UCN container) 
drawing (log book on UCN flux measurements at different beam positions of PF2) courtesy of A. Strelkov 

(courtesy of A. Strelkov) 
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Neutron Transport (Results) 



P. Geltenbort Memorial Seminar F.L. Shapiro, Dubna, 6 April 2015 29 

Movie “Emptying an UCN bottle” 

(courtesy of M. Makela et  al., LANL) 
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Yuri Panin 
NRC KI Moscow 

NRC KI team 
Yuri Panin, Lev Bondarenko, Vasilii Morozov 
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UCN are always good for a surprise! 
Transmission through flexible water hose 

Yu. Panin et al., RRC KI Moscow 

Surprising result 
(80 cm hose with 8 mm inner diameter) 
 

transmission around 85% 
(Yu. Panin) 
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FLEXIBLE NEUTRON GUIDE MADE OF POLYVINYL CHLORIDE PLASTIC 
TO TRANSPORT ULTRACOLD AND VERY COLD NEUTRONS 

 
V. Morozova, Yu. Panina, P. Geltenbortb, L. Bondarenkoa, 

V.V. Nesvizhevskyb, A. Strepetova, D. Chuvilina 
 

aKurchatov Inst., 53, Kurchatov sqr., Moscow, Russia, R-123182 
bILL, 6 rue Jules Horowitz, Grenoble, France, F-38046 

 
 

Abstract 
 

We present experimental results on transport of ultracold neutrons (UCN) through 
flexible tubes with the length of up to 3 m and the internal diameter of 6-8 mm made of 
polyvinyl chloride plastic. Shiny surface of internal walls of such tubes provide high 
transmission of UCN even if the tube is curved to arbitrary direction. The transmission 
increases up to 85% if the internal tube surface is covered with layer of liquid fluorine 
polymer. We discuss an option to use such tubes for building portable sources of UCN and 
thermal neutrons as well as for capture therapy using low energy neutrons.   

Russian PATENT 
PolyVinyl Chloride or PVC (СН2-СНCl)n 
 
density: 1.4 g/cm3; molecular weight: 30000 – 100000 amu 
 
coherent scattering lengths for hydrogen, carbon and chlorine: bH = -3,74 fm,  bC = 6,65 fm, bCl= 9,58 fm 
Fermi potential: 39.7 neV; critical velocity: 2.8 m/s 

S.S. Arzumanov et al., Crystal. Rep. 56 (2011) 1197 
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Relative Transmission Probability of “fancy guides” 

Top view: 
• The tube length equals L=190 cm. 
• The tube length equals L=290 cm; the tube is coated inside with thin layer of Fluorine polymer.  
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P & T violation 

CPT conservation  CP violation 

Electric Dipole Moment: 

neutron is electrically neutral 

If average positions of positive and 

negative charges do not coincide: 

  

EDM dn 

- 

T reversal 

dn 
S 

electric dipole moment dn 

spin S 

+ 

- dn 
S 

+ 

- 

P transform. 
dn 

S 

+ 

- 
dn 

S 

- 

+ 

CP violation in Standard Model generates very small neutron EDM 

Beyond the Standard Model contributions tend to be much bigger 

neutron a very good system to look for CP violation beyond the Standard Model 



(M. Van der Grinten) 
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-e

+e

1
 cm

dn = 1 ecm 

The neutron EDM: exp. vs theory 

Progress at ~ order of magnitude per decade 

Standard Model out of reach 

Severe constraints on e.g. Super Symmetry  

|dn|< 3 x 10-26 ecm 

“It is fair to say that the neutron EDM has 
ruled out more theories (put forward to explain 
K0 decay) than any experiment in the history 
of physics” R. Golub 
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Neutron 
lifetime 

??? 

EDM 

to explain why 
„missing antimatter in the univers“ 
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Experiments:  

 Measurement of Larmor precession 

frequency of polarised neutrons in a 

         magnetic & electric field 

 

 

Compare the precession frequency for parallel fields: 

 

 

 

 

 

 

 

 

 = E/h = [-2B0n - 2Edn]/h 
 

E 

 

to the precession frequency for anti-parallel fields 

 

 

 

 

 

 

 

 

 = E/h = [-2B0n + 2Edn]/h 
 

E 

 

The difference is proportional to dn and E: 

 

h( - )  =  4E dn 
 

 

Need to measure change in Larmor 

precession frequency to a very high 

degree : < 1Hz 

      < 1 turn per month! 
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Room Temperature Results  

Room temperature neutron EDM result:  
C.A. Baker et al., Phys. Rev. Lett. 97, 131801 (2006) or hep-ex/0602020 

|dn|< 2.910-26 e.cm (90% C.L.) 

(H. Kraus) 



(P. Harris) 

Reality check 

If neutron were the size of the Earth... 
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Dx 

-e 

+e 

        ... current EDM limit would  
       correspond to charge separation of  
 Dx  3 



(A. Serebrov) 

Scheme of PNP double chamber nEDM spectrometer at PF2 

d1

d2

d3

d4

magnetic field coils 

UCN 

top UCN trap  4 top magnetometers 

polarizer 

bottom UCN trap  ± high voltage electrode 4 bottom magnetometers 

flipper 

analyzers 

2 direct UCN detectors  2 side UCN detectors  

resonance frequency coils 

magnetic  

screens 

valves 
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PNPI double-chamber nEDM spectrometer at PF2/MAM 

26/ / 5.5 10nEDM e cm   at 90% confidence level 

A.P. Serebrov et al., Pis’ma v ZhETF 99 (2014) 7 



Magnetic shielding 
and 

double-chamber 

HV 

Electronic  

UCN from turbine 

stairs 

detectors 

Polarizer  

analyzers 

expected gain factor in UCN density : 3 to 4 
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Move from PF2/MAM to PF2/EDM platform 

Top view  

Side view  



(B. Filippone) 

Worldwide nEDM Searches 

SNS 

J-PARC 

ILL 

PSI 

FRMII TRIUMF 

RCNP 

PNPI 
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Search for Neutron – Mirror Neutron Oscillations 
using storage of Ultracold Neutrons 

PNPI/IPTI/ILL collaboration: A. Serebrov et al., E. Alexandrov et al., P. Geltenbort, O. Zimmer 

osc (90% C.L.) ≥ 414 s 

Hypothesis:   There is a “mirror world” of partners of the known particles with  

•  same fundamental interactions with opposite handedness 
           natural explanation of parity violation 

•  no interactions with our world, apart gravity and mixing of neutral particles 
           mirror matter is a viable dark-matter candidate 

Test:   Search transition of neutron n to mirror neutron n’ 

•  Situation 2006:    osc  1 s 

•  A magnetic field suppresses nn’ mixing 

           Look for difference of UCN storage time  
               without (<20 nT) and with field (2 T) 

A..P. Serebrov et al., Phys. Lett. B663 (2008) 181 

Result with PNPI EDM-setup at PF2:  

Z. Berezhiani, A.D. Dolgov and R.N. Mohapatra, Phys. Lett. B 375, 26 (1996)  

(O. Zimmer) 
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The free neutron lifetime: 

Important input parameter 
for tests of the 
Standard Model 

of the weak interaction 

Necessary to calibrate 
Neutrino Detectors 

and to predict  
event rates 

Necessary to understand 
matter abundance in the 

Universe 

V

A22
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n

         ,  , 
1

g

g
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τ
 

Weak interaction theory 

Neutrino physics 

Cosmology 

Together with measurements 
of asymmetry coefficients 
in neutron decay 

Extraction of gV, gA and Vud 

Test of Conserved Vector Current 
(CVC: ‘gV’ = 1) 

Test of Unitary of CKM matrix 
(Vud

2 + Vus
2 + Vub

2 = 1) 

n  p  

Neutrino induced reactions: 

Neutrino detectors: 

 en  p e

n
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Solar pp-process: 

eedpp   2

A
g

Big bang: 

Primordial elements’ abundances 

keV) 782( epn e   

p n   
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neutron 
lifetime 

??? 

how were the  
chemical elements created? 

Big-Bang Nucleosynthesis (BNN) crucial in constraining cosmological models 

Essentially the only probe of physics in the early universe (~1 – 104 s; “radiation dominated epoch”) 

Single unknown parameter for standard BBN is baryon-to-photon ratio during the nucleosynthesis epoch. 
All light abundances are a simple function of this parameter. 

Those yields are particularly sensitive to the neutron lifetime τn which affects BBN in 2 ways: 

i) τn enters in weak reaction rate which ceases at freeze –out temperature TF, then n/p ratio fixed except 
for neutron decay 

ii) Neutron decay between  weak freeze-out (t~1s) and nucleosynthesis  (t~200s) 

These effects imply that the shorter the neutron lifetime, the lower the 
predicted helium abundance 

 

See “BBN with a new neutron lifetime”, G.J. Mathews et al, Phys. Rev. D71, 021302(R) (2005) 
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Measurements of the neutron lifetime τn 

Storage experiments with UCN 

“counting the surviving neutrons” 

 0 (extrapolation) 
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“counting the dead neutrons” 

e 

N0 

l 

Beam experiments with cold neutrons 

or, ultimately, measure the exponential decay directly exponential decay law: N = N0e−λt 



Scheme of “Gravitrap”,  

the gravitational UCN storage system 
  

1 – neutron guide from UCN Turbine; 

 2 – UCN inlet valve; 

 3 – beam distribution flap valve; 

 4 – aluminium foil (now removed);  

 5 – “dirty” vacuum volume;  

 6 – “clean” (UHV) vacuum volume;  

 7 – cooling coils; 

 8 – UCN storage trap;  

 9 – cryostat;  

10 – mechanics for trap rotation; 

11 – stepping motor; 

12 – UCN detector;  

13 – detector shielding; 

14 – evaporator for LTF (Low Temperature Fomblin) 
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KOVSH 
 

or 
 

“spooning ultracold 
neutrons” 

 
 
 

© A. Strelkov, August 1968  
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A.P. Serebrov et al., Phys. Lett. B605 (2005) 72 

(878.5 ± 0.7stat. ± 0.3syst.) s 



(O. Naviliat-Cuncic) 

General principle and design 
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• For  n = -60.3 neV/T, a 2T field generates a 120 neV barrier. 

• Force due to field gradient, F = - (dB/dz), repels only one spin state. 

• Use permanent magnets.  

•  Step 1: 1D confinement 

1 – permanent magnets 

2 – magnetic poles  

•  Step 2: 2D confinement 

•  Step 3: 3D confinement 

- top (gravity) 

- bottom (magnetic shutter) 



(O. Naviliat-Cuncic) 

Setup for neutron lifetime measurement 

to 
vacuum 
pump 

material 
shutter 

magnets 
and poles 

yoke 

outer 
solenoid 

shutter 
solenoid 

to 
vacuum 
pump 

UCN detector 

absorber 

to 
vacuum 
pump 

lift 
cylinder 

UCN 

lift, trap, solenoid, shutter, detector main elements: 

Lift: Fomblin coated Al cylinder + PE disk  
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V.F. Ezhov et al., arXiv:1412.7434 (2014) 

(878.3 ± 1.9.) s 



(B. Filippone) 

Worldwide nLifetime Searches 

NIST 
J-PARC 

ILL 
FRMII 

LANL 

PNPI 
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(courtesy of G. Cronenberg) 

qBounce (H. Abele and his team) 

Motivation 

• qBounce: quantized gravity bound states of ultra-cold 

neutrons 

 

 

• Test of Newton’s gravity potential at small distances 

(microns) 

• Detection of new forces 

• Tests for chameleons, axions 

 

 
V(r) = -G

mim j

r
(1-ae

-r
l )

Arkani-Hamed et al.: Physical Review D 59, 086004 (1999) 
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(courtesy of G. Cronenberg) 

• Schrödinger eq. with linearized gravity potential 

 

 

 

 

• bound, discrete states 

• Non-equidistant energy levels 

Neutrons in the gravity field 
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(courtesy of G. Cronenberg) 

A bit of “history” 

 The First Realisation 1998 – 2005 
• Institut Laue-Langevin,  

• Physikalisches Institut, University of Heidelberg, 

• Petersburg Nuclear Physics Institute, St. Petersburg 

• Joint Institute for Nuclear Research, Dubna 

Theory by   Frank A., Luschikov V. 1978 (Neutrons) 

   Wallis et al. 1992 (Atoms) 

Experiment by Nesvizhevsky V. et al.  2002 (Neutrons) 

 

qBounce since 2007 
• Quantum bouncer 
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(courtesy of G. Cronenberg) 

Gravity Resonance 

Spectroscopy 

• Rabi (2012) 

 

 

 

 

• First realisation (2009,2010) 

 

 

 

 

 

neutron mirror 

scatterer 

neutron mirror 

scatterer 

neutron mirror 

 

UCN counter 1 1 ® 4 ?1

pq

neutron mirror 

 

scatterer 

UCN counter 

pq

pq

T. Jenke et al.: “Realization of a gravity-resonance-spectroscopy technique” 

Nature Physics 7, 468–472 (2011) 
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(courtesy of G. Cronenberg) 

Setup 

reference 

mirror 

M. Horvath 
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(courtesy of G. Cronenberg) 

Results 
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T. Jenke et al., PRL 112 (2014)151105 
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T. Jenke et al., PRL 112 (2014)151105 
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T. Jenke et al., PRL 112 (2014)151105 



(courtesy of G. Cronenberg) 

Outlook:  

Probing neutrons neutrality 

 

• Electric field modifies detectable phase 

Durstberger-Rennhofer, K. et al. PRD 84, 036004 (2011) 
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(courtesy of G. Kulin) 

Gravitational UCN TOF spectrometer 

A. Frank and his team 
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A.I. Frank et al., Journ. Phys. Conf. Ser. 340 (2012) 012042 
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Lloyd’s Interferometer for very cold neutrons 

Yu. Pokotilovski 
experiment by H. Abele’s group 



Recent PF2 highlights in ILL‘s Annual Reports 
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Search for mirror dark matter (2007)
A. Serebrov et al, Phys. Lett. B 663 (2008) 181

G. Ban et al., Phys Rev. Lett. 99 (2009) 161603

Optics with accelerated matter (2007)
A. Frank et al, Phys. At. Nucl. 71 (2008) 1656

VCN reflection on diamond nanopowder (2008)
E. Lychagin et al, Phys. Lett. B 679 (2009) 186

Phase space transformer (2008)
S. Mayer et al, Nucl. Instr. Meth. A 608 (2009) 434

Test of Lorentz invariance (2009
I. Altarev et al, Phys. Rev. Lett. 103 (2009) 081602

Search for axion-like particles (2009)
A. Serebrov et al, JETP Lett. 91 (2010) 6

Gravity resonance spectroscopy (2011)
T. Jenke et al., Nature Phys. 7 (2011) 468

Improving our knowledge on dark matter and dark energy using ultracold neutrons (2012)
T. Jenke et al., arXiv:1208.3875 and PRL 112 (2014) 151105

Slow-neutron mirrors from holographic nanoparticle polymer composites (2013)
J. Klepp et al., Materials 5 (2012) 2788

MONOPOL – a travelling-wave magnetic neutron spin resonator for tailoring polarised neutron beams (2013)
E. Jericha et al., to be published

Neutrons constrain dark energy and dark matter scenarios
T. Jenke et al., PRL 112 (2014) 151105



UCN (at PF2 of the ILL) in the media 
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2015

•19. Januar 2015: Deutschlandfunk / Forschung aktuell - Newton im Neutronen-Check 

2014

•5 June 2014 - The Huffington Post: Bouncing Neutrons Aid Search For Dark Matter, Dark Energy 

•15 May 2014 - The Hindu: No chameleons in dark energy? 

•13 May 2014 - The Huffington Post: Neutron Decay Mystery Baffles Physicists 

•7 Mai 2014 - Ziarul evenimentul (Romania) : Neuronii, cheia descoperirii unui mare mister! Vezi despre ce este vorba! 

•30 April 2014 - Space.com: Dark Matter and Dark Energy Mysteries: Do Neutrons Hold the Key? 

•23. April 2014 - Pro-Physik: Neutronen-Suche nach Dunkler Energie 

•18 April 2014 - Nature news - Bouncing neutrons probe dark energy on a table-top 

•17. April 2014 - derStandard.at - Suche nach der Dunklen Energie im Labor 

•16 April 2014 - Physics, viewpoint: Neutrons Knock at the Cosmic Door 

•16 April 2014 - International Science Times: The Use Of Neutrons To Understand The Mystery of Dark Energy 

•9 March 2014 - The Metro: getting the drop on quantum gravity      more details in http://cosmonline.facultimedia.com/blog/2014/03/09/getting-drop-quantum-gravity/ 

2013

•4 December 2013 - Physics World: Mystery of neutron-lifetime discrepancy deepens 

•25. August 2013 - Die Welt: Wie eisgekühlte Neutronen die Forschung verändern 

•June 2013 - Physics World: Cool things to do with neutrons 

•April 2013 - Laboratory News: The humble hero: general relativity, string theory, even the origins of the universe, why the neutron holds the answer to it all. 

2012

•30 November 2012 - New Scientist, Instant expert: neutron science    (A. Harrison; large section on fundamental physics with slow neutrons)

•6 octobre 2012 - Le Monde : Des neutrons toujours perçants      (ILL in general, particle physics with very slow neutron mentioned) 

2011

•7. Oktober 2011 - Deutschlandfunk : Kernteilchen unter der Lupe 

•September 2011 - Physics World, blog - Big science at very low energies 

•8 September 2011 - Physics World - Ultracold neutrons probe the particle-physics frontier 

•August 2011 - BBC Focus - What's inside a nuclear reactor  +  podcast 

•31. Mai 2011 - Frankfurter Rundschau / Berliner Zeitung : Der Schwerkraft auf der Spur 

•5 mai 2011 - Pour la science : La gravité mesurée à l'échelle quantique 

•5 mai 2011 - Futura sciences : Des faisceaux de neutrons ultra-froids pour tester la gravitation 

•21 April 2011 - scienceblogs.com : Bouncing Neutrons for Fun and Science - "Realization of a gravity-resonance-spectroscopy technique" 

•18 April 2011 - Physics and Physicists blog : Neutron Gravitational Quantum States Probed 

•18 April 2011 - BBC news online: Neutrons could test Newton's gravity and string theory 

•18 April 2011 - http://science.orf.at/stories/1681588/ 

•17 April 2011 - All that matters, the Joerg Heber's blog  : Gravity weighs in on spectroscopy 

http://derstandard.at/1302745487356/Tricks-der-Quantenphysik-Neue-Methode-misst-Gravitation-auch-in-kleinsten-Dimensionen 

http://www.sciencedaily.com/releases/2011/04/110418083349.htm 

http://www.scientificcomputing.com/news-probing-the-laws-of-gravity-a-gravity-resonance-m-041811.aspx 

http://www.physorg.com/news/2011-04-probing-laws-gravity-resonance-method.html 

http://www.nature.com/nphys/journal/vaop/ncurrent/full/nphys1990.html 
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I hope I could convince you that  
 
since their discovery in 1968 here in Dubna and 
simultaneously and independently in Garching 
 

ultracold neutrons 
 
– due to the fact that they are storable –  
 
continue to be 
 

a fancy and powerful tool in fundamental physics 

Thank you, merci beaucoup and besten Dank for your attention! 


