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Maurits van der Grinten (talk given by P. Geltenbort)



P. Geltenbort UCN2010 workshop, RCNP Osaka, Japan, 8 - 9 April 2010 2
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nEDM: why

P & T violation

CPT conservation è CP violation
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(M. van der Grinten)
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CP violation present in Standard Model but:
• The CP violation in the Standard Model is too small by many 

orders of magnitude to explain the observed matter-anti-matter 
asymmetry of the Universe

• There must be CP violations in laws of physics we don’t know 
yet!

• We have to keep looking…

Baryon asymmetry:

Big Bang should have produced equal 
quantities of matter and anti-matter.

This is not what we observe in our 
Universe

CP violation required for this asymmetry...

nEDM: why

(M. van der Grinten)
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Progress at ~ order of magnitude per decade
Standard Model out of reach
Severe constraints on e.g. Super Symmetry 

nEDM: experiment vs theory

|dn|< 3 × 10-26 e⋅cm

(M. van der Grinten)
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Compare the precession frequency for parallel fields:

ν↑↑ = ∆E↑↑/h = [-2B0µn - 2Edn]/h

to the precession frequency for anti-parallel fields

ν↑↓ = ∆E↑↓/h = [-2B0µn + 2Edn]/h

The difference is proportional to dn and E:

h(ν↑↑ - ν↑↓)  =  4E dn
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α: polarisation product
E: electric field
T: observation time
N: number of neutrons

nEDM: measurement principle
Experiments: 

Measurement of Larmor precession 
frequency of polarised neutrons in a 

magnetic & electric field

(M. van der Grinten)
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Ultra-cold neutrons for nEDM: ILL

• PF2 UCN source 
(user facility)

• superthermal UCN source

• PF2 UCN source 
(user facility)

• superthermal UCN source

(M. van der Grinten)
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nEDM past room temperature experiment

ran on PF2 UCN source at ILL
Hg co-magnetometer
4-layer mu-metal shields
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Hg co-magnetometer
4-layer mu-metal shields

NS

Four-layer mu-metal shield High voltage lead
Quartz insulating 
cylinder

Coil for 10 mG 
magnetic field

Upper 
electrod

e

Main storage 
cell
Hg u.v. 
lamp

PMT to 
detect Hg 
u.v. lightVacuum wall

Mercury 
prepolarising 

cell

Hg u.v. lamp
RF coil to flip spins

Magnet

UCN polarising foil

UCN guide 
changeover

Ultracold 
neutrons

(UCN)

UCN detector
(M. van der Grinten)
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nEDM past room temperature experiment
ran on PF2 UCN source at ILL
Hg co-magnetometer
4-layer mu-metal shields

ran on PF2 UCN source at ILL
Hg co-magnetometer
4-layer mu-metal shields

dn < 3 ⋅10-26 e cmdn < 3 ⋅10-26 e cm

(M. van der Grinten)
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new superthermal UCN source
higher electric fields in lHe

whole experiment in superfluid He at 0.5 K
• production of UCN
• storage & Larmor precession of UCN
• magnetometry
• detection of UCN

CryoEDM: optimising sensitivity further

(M. van der Grinten)
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Superthermal UCN source

Shields & Ramsey cells 
coupled to UCN source

CryoEDM
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(M. van der Grinten)
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CryoEDM: primary beam polarisation

“Monochromating” polariser on primary cold beam (Ken Andersen)“Monochromating” polariser on primary cold beam (Ken Andersen)
(M. van der Grinten)
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Solid state UCN detectors:

• 10B & 6Li converters
• EDM UCN flux monitor
• UCN spectrum analysis
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CryoEDM: in situ UCN detection

(M. van der Grinten)
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CryoEDM: storage chambers, Be/BeCu underway

(M. van der Grinten)
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• 250 l of pure superfluid at 0.65 K

• cool-down times ~25 days, then 
superleak filling

• kept entire system (~800 l liquid helium) 
operational for sustained periods

CryoEDM: cool-downs
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(M. van der Grinten)
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CryoEDM: how are we doing, essential parameters

Experiment constructed and 
commissioning:

cryogenic performance:

• 250 l isotopically pure 4He produced  and kept 
at 0.65 K

• entire apparatus (~800 l liquid helium) being 
run cold for sustained periods

neutron parameters:
• UCN produced in high densities
• UCN transportation parameters between 
source and storage cells and storage cells and 
detectors good
• UCN polarisation good and polarisation 
holding times high
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• non-magnetic superfluid HT 
feed-through operational though 
tested to ~30kV so far. 

magnetic field:
• homogeneity in storage region 
sufficient for EDM measurement
• rebuilding storage chambers: 
Be/BeO/BeCu structure 
• shielding operational, further 
improvements on the way

take data with new storage chambers Autumn10, 
increase sensitivity to ~10-27 e⋅cm at H53 in first instance (2010 – 2012)
take data with new storage chambers Autumn10, 
increase sensitivity to ~10-27 e⋅cm at H53 in first instance (2010 – 2012)

(M. van der Grinten)
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H17-2 beamline:

• A factor of 20 higher cold flux incident on    
monochromator

• Magnetic environment of acceptable level
• Configuration of set-up ongoing
• aim year of move in 2013/14 (during reactor closure)
• exploit apparatus to design sensitivity of 10-28 e⋅cm

(M. van der Grinten)
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• been constructed and now commissioning/
start of exploitation

• still requires tuning to deliver 
a competitive EDM measurement

On H53 beam: sensitivity ~ 10-27 e cm
2010 - 2012

On new beam: sensitivity ~ 10-28 e cm
2013 – 2015

CryoEDM

an EDM discovery in this region ?an EDM discovery in this region ?

(M. van der Grinten)
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nEDM projects worked on elsewhere

ILL- level D 
PF2 UCN source
ILL- level D 
PF2 UCN source

• double storage cell
• 8 cesium magnetometers
• 4-layer mu-metal magnetic screen

• double storage cell
• 8 cesium magnetometers
• 4-layer mu-metal magnetic screen

possible to aim for 10-26 e cm
in a couple of years running
possible to aim for 10-26 e cm
in a couple of years running

PNPI – St Petersburg
liquid D2 UCN source
PNPI – St Petersburg
liquid D2 UCN source

• double storage cell
• 3 cesium magnetometers
• 4-layer mu-metal magnetic screen

• double storage cell
• 3 cesium magnetometers
• 4-layer mu-metal magnetic screen

ultimate sensitivity of 10-25 e cm 1996ultimate sensitivity of 10-25 e cm 1996

Russian EDMRussian EDM

(M. van der Grinten)
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Ongoing and near future

Neutron Lifetime Experiments
at the Institut Laue-Langevin in Grenoble, France

Peter Geltenbort

thanks to

L. Bondarenko, A. Harrison, K. Leung, (M. van der Grinten), A. Serebrov, A. Steyerl, and O. Zimmer
for using some of their beautiful slides
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The changing facilities landscape

But we‘re not doing this in isolation…
Although ILL is THE leader in its field for almost 40 years now 

and tries to keep its lead further

(A. Harrison)
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The changing facilities landscape

NCNR Gaithersburg, MD

(A. Harrison)

... and UCN at
Mainz, PSI, (TUM), (PNPI)

RCNP, (J-PARC)

LANL, NIST, (NCSU, SNS), (TRIUMF)
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UUCN production in HeCN production in He--II at a cold neutron beamII at a cold neutron beam

• absorption cross section σabs = 0

• 0.7 K: τstorage ≈ 500 s  (due to phonon 
absorption)

0.5 K: τstorage ≈ 800 s

• P = 14 cm-3s-1 at H172a / H172b

ρUCN = several 1000 cm-3 possible
at beam positions H172a / H172b

„phonon-roton“ dispersion
of superfluid 4He

free neutron dispersion

q

ω

7 nm-1

12 K

C.A. Baker et al., PLA 308 (2003) 67

UCN storagePρ τ=

R. Golub, J.M. Pendlebury, PL 53A (1975) 133
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IImplementation of 2 Hemplementation of 2 He--II UCN sources at H172II UCN sources at H172

Two secondary 0.89 nm beams at H172:
• Bragg reflection from stage-I /-II intercalated graphite
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3.9 x1010 n/cm2/s

(O. Zimmer et al.)
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PPrototype converter to be implemented at rototype converter to be implemented at H172aH172a
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First successfull extraction of UCN
accumulated in superfluid helium

O. Zimmer et al., Phys. Rev. Lett. 99 (2007) 104801

(O. Zimmer)
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Neutron lifetime: world average and
Lifetime τ[s] Method Ref./Year

878.5 ± 0.8
878.5 ± 0.7stat±0.3sys

Storage of ultra-cold neutrons Serebrov et al. 2005
PLB 605(2005)72

886.8 ± 3.42 Neutron beam experiment M.S. Dewey et al. 2003

885.4 ± 0.95
885.4 ± 0.9stat±0.4sys

Storage of ultra-cold neutrons S. Arzumanov et al. 2000
PLB 483(2000)15

889.2 ± 4.8 Neutron beam experiment J. Byrne et al. 1995

882.6 ± 2.7 Storage of ultra-cold neutrons W. Mampe et al. 1993

888.4 ± 3.1 ± 1.1 Storage of ultra-cold neutrons V. Nesvizhevski et al. 1992

878 ± 27 ± 14 Neutron beam experiment R. Kosakowski 1989

887.6 ± 3.0 Storage of ultra-cold neutrons W. Mampe et al. 1989

877 ± 10 Storage of ultra-cold neutrons W. Paul et al. 1989

876 ± 10 ± 19 Neutron beam experiment J. Last et al. 1988

891 ± 9 Neutron beam experiment P. Spivac et al. 1988

872 ± 8 Storage of ultra-cold neutrons A. Serebrov et al. 1987

870 ± 17 Neutron beam experiment M. Arnold et al. 1987

903 ± 13 Storage of ultra-cold neutrons Y.Y. Kosvintsev et al. 1986

875 ± 95 Storage of ultra-cold neutrons Y.Y. Kosvintsev et al. 1980

937 ± 18 Neutron beam experiment J. Byrne et al. 1980

881 ± 8 Neutron beam experiment L. Bondarenko et al. 1978

918 ± 14 Neutron beam experiment C.J. Christensen et al. 1972

885.7 ± 0.8 world average 2004 PDG 2004

∆τn=6.5σ

new result

(A. Serebrov)
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Proton counting experiments at KI in Moscow

1978 result:              Τn =  877 (11) s

In 1988 slightly revised: Τn =  891 (9) s

In 1980 Byrne et al. found 
Τn = 937 (18) s [withdrawn in the 
meantime]. They concluded in a 
Letter to Nature 310, 212 
(1984)
“… a third direct measurement 
has given the value Τn = 877 
(11) s, which is totally at 
variance with all other evidence. 
We suggest here that …. exclude 
values of Τn outside the range 
911 (10) …

First version in 1958:    Τn = 1013 (26) s
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2nd generation storage experiment at ILL – MamBo II

A. Pichlmaier (now at TUEV)

PhD thesis, unpublished

TUM/ILL/PNPI collaboration

numerous experimental 
parameters checked!

τn = (881 ± 3) s
Preliminary result 

Collaboration is working on a 
paper on this result!
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Presented methodPresented method consists ofconsists of
• storage of ultracold neutrons (UCN) with
• concurrent monitoring of UCN looses by 

registration of inelastic scattered neutrons,
• has guarantee of storage of weak heated

UCN (the stored UCN spectrum is lower than Elim: Emax
≤ 0.5Elim and main part of weakly heated neutrons has 
Ewh ≤ 2 Emax)

• storage under low temperature T=-40°C  
that allows achieve ηη ≅≅ 44--66××1010--66

(L.N. Bondarenko)



P. Geltenbort UCN2010 workshop, RCNP Osaka, Japan, 8 - 9 April 2010 30

Experimental installation has
• detector to register amount of stored UCN
(18),
• 26 thermal neutron counters to measure 
flux of up-scattered neutrons (7),
• cooling system that allows to support the 
temperature of storage vessel in the range --
-50÷250C with precision of ±±0.50.500CC (10),
• two separated vacuum systems (9,16),
• device to operate with absorber (6),
• neutron guides with a set of UCN shutters
(3,15,17), 
Inner surfacesurface of storage vessel and 
additional surfaceadditional surface will be coated by thin 
layer of fluorine polymer YL VAC18/8YL VAC18/8.

At temperature --4040°°CC the polymer layer remains entire, parameter ηη is 
about  55--88××1010--66 and weak heating is lower than 22××1010--66 per one collision. 

(L.N. Bondarenko)
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Counts time distribution for experiment configuration no.2.
 UpScat-detector 

time [s]
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(L.N. Bondarenko)
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K. Leung, K. Fraval, O. Roberts, O. Zimmer
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An ‘accordion-like’ UCN storage system

Features:  (a)  Use a bellows with horizontal axis.
(b)  Volume V variable within a large factor of ~10.
(c)  Surface area and its distribution over height are constant.
(d)  Times for loading, holding, emptying are scaled ~ V 

⇒ Spectral development is the same for different V
(e)  Provide up-down symmetry and ensure that all UCN have

enough energy to reach roof  ⇒ cut spectrum from below 

A. Steyerl, A. Desai, S.S. Malik, B. Yerozilimski, W. Furman,V. Shvetsov, A. Strelkov, N. Achiwa, P.G.
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““Lifetime ConclusionLifetime Conclusion”” ofof
Boris Yerozolimsky:Boris Yerozolimsky:

“If you try to improve the τn-value to the level ~10-3 or 
better 

you will run against a brick wall of exponentially growing 
problems.”
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Thank you for your attention Thank you for your attention ……


