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Project 
 

for an 

 

ultracold and cold neutron source  

with superfluid helium 
 

at the WWR-M reactor in PNPI, Gatchina 
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Sensitivity 

s d =
2aET N

Increased at each position 
From ~4 to ~200 UCN/cc at the entrance 

20 kV/cm 

~ 0.65 

65 s 

Courtesy of P. Harris (adapted to PNPI’s existing nEDM spectrometer at the ILL) 
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PNPI-ILL-PTI collaboration 
Prospects to increase sensitivity of EDM measurements at the ILL  

Gatchina EDM spectrometer 1975 

Gatchina EDM spectrometer at ILL 
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Vertical cross section of  WWR-M reactor. 
1 – reactor core, 2 – reactor tank, 3 – concrete protection, 4 
– chamber above the reactor, 5 – horizontal channel, 6 – 
thermal column, 7 – vertical channel. 

Cross section of  WWR-M reactor 

Thermal column of WWR-M reactor 
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Idea 

UCNs are generated in helium from cold neutrons of 9Ǻ wavelength (12 K energy). It is 
correspond with phonon energy: cold neutron energizes phonon, practically stops and 
becomes an ultracold one.  UCN can “lives” in superfluid helium for  tens or hundreds of 
seconds until a phonon be captured.  
Cold neutrons (9Ǻ) penetrate through the wall of a trap, but ultracold neutrons (500Ǻ) 
are reflected, that is why UCN can be accumulated up to the density defined by the time 
of storage in the trap filled with superfluid helium.  

CN =9 Å, T=12 K  

UCN =500 Å, T=10-3 K  

phonon 

I.Ya. Pomeranchuk “Selected works”

Neutron scattering in liquid helium

 

UCN source based on superfluid He-II
R. Golub, J.M. Pendlebury, Phys. Lett. A 62 (1977) 337

Ebeg=12 K  EUCN10-3 K

=9 Å

91

About neutron scattering with energy a few degree in fluid 
Helium II

The scattering of slow neutron in He-II is considered. It is
shown that the scattering is a negligible small at the
temperature below than temperature of critical point.
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He   Т=1.2 К 

Pb   Т=300 К 

Ф=1014 n/(cm2s) 
Q=15 MW 

Al, QAl=13 W 

C, QC=700 W 

Pb, QPb=15 кW 

19 W LD2   Т=20 К 

C   Т=300 К 

LD2, QLD2+Al=100 W 

MCNP neutron flux calculation results and heat generation 
in thermal column of  WWR-M reactor at 15 MW 

ucn=104 сm-3   (=10 s) 
Ф=4.5∙1012 n/(сm2s) 
Ф(=9 А)=3∙1010 n/(сm2sA) 
QHe=6 W 
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UCN density 

maximal density  
inside closed source 

density in experimental 
trap with volume 35 l  

density in experimental 
trap with volume 350 l  
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Cryogenic scheme of UCN 
source with superfluid He 

1 – He II cell; 2 – UCN neutron guide, 3 – CN neutron guide, 4 – He II supply pipe, 5 – lower bath @ 1.2 К, 6 – intermediate bath @ 1.2 К, 7 –
3Не filter,  8 – level sensor, 9 – upper bath @ 4.2 К, 10 – helium supply valve, 11 – level sensor, 12 – vacuum pipe (gravitation trap for UCN), 
13 – vacuum pipe for lower bath, 14 – vacuum pipe for intermediate bath, 15 – main vacuum manifold, 16 – UCN neutron guide membrane, 
17 – CN neutron guide membrane, 18 – thermal shield @ 20 К, 19 – vacuum jacket, 20 – UCN outer neutron guide, 21 – CN outer neutron 
guide, 22 –helium supply at temperature of 4.2 К, 23 – pipe for helium vapour removal, 24 – helium supply for thermal shield 18, 25 – 
helium removal from thermal shield 18, 26 – pumping of vacuum jacket.  

UCN 

CN 
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а – Pb shielding mounting; b – graphite block mounting; c – mounting of cryostat, UCN superconductive 
polarizer and UCN switchboard; d – mounting of biological shielding. 

а b 

c d 

Scheme of installation of UCN source on WWR-M reactor 
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hall of thermal neutrons hall of cold 
neutrons 

hall of very cold 
neutrons 

hall of ultracold 
neutrons 

Ultracold and cold neutron source at WWR-M reactor with 

neutron guide halls 
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Demounting of old equipments  
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Demounting of old equipments is finished 
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General view with new equipment 
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Helium refrigerator 

15 K, 3000 Watts  
Helium liquefier 

50 l/h  
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Gas system 
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Pumping system of helium   
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High pressure compressors  
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Water cooling system 
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Gas  

     Storage  

           System 
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Preparation of non-standard 
equipment 
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Vacuum test of full-scale model of 
UCN source 

nEDM workshop, ORNL, October 11 - 13, 2012 22 P. Geltenbort on behalf of A. Serebrov 



Cryogenic test of full-scale model 
 of UCN source 
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Manufacturing of cryostat  
for superfluid helium at 1.2 K 
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Manufacturing of cryostat  
for superfluid helium at 1.2 K 
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Manufacturing of He heating system 
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Vacuum test of He heater 
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Manufacturing of He pumping tubes 
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Vacuum test of pumping tubes 
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Installation of He pumping tubes 
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New facilities at PNPI,  
UCN source with superfluid He. 

2016.  New facilities at PNPI, UCN source with 
superfluid He.  Factor in UCN density is about 60 
times with respect to H172B ILL facility.  

    ρucn at entrace ~ 12000 ucn/cm3,    δDedm ~ 5∙10-27  e∙cm/day 

 Upper limit of sensitivity : 5∙10-28  e∙cm/100 day 

2017 -2018.  New facilities at PNPI, UCN source with 
superfluid He.  Multichamber EDM spectrometer. 

    ρucn at entrace ~ 12000 ucn/cm3,    δDedm ~ 3∙10-27  e∙cm/day 

 Upper limit of sensitivity : 3∙10-28  e∙cm/100 day 
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Friendly Competition: GATCHINA - OAK RIDGE 
(Orlova Роща – Oak Роща) Роща (roscha) 

it means 
 in russian  
a small forest  

Orlova Роща  

Oak Роща 

nEDM workshop, ORNL, October 11 - 13, 2012 34 P. Geltenbort on behalf of A. Serebrov 

Best regards from Russia 
Anatolii Serebrov 



... to complete the “nEDM landscape” 
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Besides the 6 experiments presented at this workshop 
 
 cryoEDM at ILL 
 PNPI-EDM at ILL 
 OILL-EDM at PSI 
 EDM at TUM 
 EDM at RCNP (and later at TRIUMF) 
 EDM at SNS 
 
there is also a nEDM project for J-PARC 
 
as well as a crystalEDM project lead by PNPI at ILL 
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