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Gatchina	EDM	spectrometer	1975	
The	first	result	for	nEDM	

with	UCN	method		
⏐dn⏐<	1.6⋅10-24		е⋅см	

	(90%	C.L.)		
Altarev	I.S.	et	al.,	

	Nuclear	Physics	A341	(1980)	
269-283		



Gatchina source of UCN and polarized cold neutrons   1985 -1996	

⏐dn⏐<	9.7⋅10-26		е⋅см	
	(90%	C.L.)		
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September 2008  -  Assembly	and	tes<ng	of	detectors,	magnetometers	and	electronics.  
October	2008		-		Start	of	the	first	measurements	with	the	neutrons	



Scheme of EDM spectrometer 
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Principal scheme of measurements with false effect control 
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d1 - top trap 
d2 - bottom trap 
d3 - top trap 
d4 - bottom trap 

direct detectors 

side detectors 

EDM is EDM effect 
 

ν  is effect of influence of electric 
polarity changing on the resonance 
conditions (magnetic field or frequency) 
 
N is effect of influence of electric polarity 
changing on the detector counting rate 
 

z is compensation of all effects, including 
EDM effects  

(*) Difference of measurements for 90o and 180o 
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Prepara<on	of		Cs-magnetometers	at	PTI	



The	best	result	with	HV	
(+_)175kV/	8.7cm	=	20kV/cm	



Old New All 
EDM 0.7±4.0 0.363±4.68 0.56±3.04 

ν -22.8±9.2 -10.04±5.98 -13.8±5.01 
N -14.5±4.4 18.62±5.15 -0.53±3.35 

z	 -0.8±4.0 3.68±4.72 1.05±3.05 

90%	CL 

/nEDM/  ≤  5.5·10-26 e·cm 
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Results	of	measurements	in	units 

ν EDM 

N z	

10-26 e·cm	



26/ / 5.5 10nEDM e cm−≤ ⋅ ⋅

90%	CL 

OUR current result 

26/ / 3 10nEDM e cm−≤ ⋅ ⋅
90%	CL 

Present	limit	of	RAL/Sussex	



The		measurement	of	nEDM	at	ILL	



Possible	improvement	of		
nEDM	accuracy	measurement	at	PF2		

	



EDM spectrometer 
at the PF2 EDM position  

EDM 
spectrometer 

turbine 

installation  
“Big gravitrap” 





Future	prospects	
in	Gatchina	



	

The	resource	of	basic	elements	of	the	reactor	
provides	its	further	opera<on	within	25	years.	

The	scheme	of	experimental	installa<ons	on	the	BBP-M	reactor	ader	
installa<on	 in	 a	 thermal	 column	of	 the	 reactor	 of	UCN	 source	with	
superfluid	helium	at	a	temperature	of	1.2K.	

Prospects for UCN source  
at WWR-M reactor 

	



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	
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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 

ρucn=104	сm-3			(τ=10	s)	
Ф=4.5·1012	n/(сm2s)	
Ф(λ=9	А)=3·1010	n/(сm2sA)	
QHe=6	W	



UCNs	are	generated	 in	helium	from	cold	neutrons	of	9Ǻ	wavelength	(12	K	energy).	 It	 is	
correspond	with	phonon	energy:	cold	neutron	produces	 	phonon,	pracbcally	 stops	and	
becomes	an	ultracold	one.		UCN	can	“lives”	in	superfluid	helium	for		tens	or	hundreds	of	
seconds	unbl	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	bme	
of	storage	in	the	trap	filled	with	superfluid	helium.		
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CN	λ=9	Å,	T=12	K		

UCN	λ=500	Å,	T=10-3	K		
phonon	

Principle	of	a	source	



PNPI	workshop	is	ready	to	begin	producbon	

UCN	source	inside		the	thermal	column	of	the	WWR-M	reactor	





Vacuum pumps system with a total capacity of 
120000 cub.m/hour 

The pumps are equipped with 2 heaters 
that warm helium up to the room 

temperature 
Vacuum pumps are controlled by frequency 

converter, allowing to adjust the pump 
performance (according to helium temperature) 





	
	



Complex of the available equipment for UCN source on the WWR-M reactor 
and a complex of the available experimental installations. 

1.	WWR-M	reactor	2.	Intr-channel	part	of	UCN	source	in	the	thermal	column	of	the	reactor.	3.	Neutron	guide	system.	
4.	 The	 cryostat	 for	 superfluid	helium.	5.	He	 refrigerator	on	15K.	 6.	He	 liquefier.	 7.	 System	of	 vacuum	pumping.	 8.	
Cleaning	block	He.	9.	Compressor	for	refrigerator.	10.	Compressor	for	He	liquefier.	11.	He	dewar.	12.	He	gas-holder.	
13.	Downloading	compressors	He	 in	cylinders.	14.	Balloon	cell.	15.	He	receivers.	16.	D2	receivers.	17.	Gravita<onal	
trap	for	measurement	of	neutron	life<me.	18.	EDM	spectrometer.	19.	A	magne<c	trap	for	measurement	of	neutron	
life<me.	20.	Reflectometer.	21.	Spin-echo	a	spectrometer	with	VCN.	22.	Installa<on	for	search	of	mirror	dark	majer.	
23.	WWR-M	reactor	ramp.	



The	 WWR-M	 reactor	 at	 PNPI	 is	 going	 to	 be	
equipped	 with	 a	 high	 density	 ultacold	 neutron	
source.	 Method	 of	 UCN	 produc<on	 is	 based	 on	
their	accumula<on	in	the	super	fluid	helium	due	to	
par<cular	 quali<es	 of	 that	 quantum	 liquid.	 Our	
source	 aims	 at	 obtaining	 a	 density	 of	 UCN	 up	 to			
104	 n/сm3	 in	 the	 experimental	 trap,	 100	 greater	
then	 in	exis<ng	 sources	presently	available	 in	 the	
world.		



Experimental installations  
on WWR-M reactor UCN source 

nEDM	

τn	,	Gravitrap	

τn	,	magnebc	trap	

n→nʹ	

n→ñ	







Thank you for attention   
 


