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History of nEDM measurements in Gatchina and Grenoble.
Result and prospects of PNPI-ILL-PTI collaboration
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Gatchina EDM spectrometer 1975

The first result for nEDM

with UCN method
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Nuclear Physics A341 (1980)
269-283




Gatchina source of UCN and polarized cold neutrons 1985 -1996
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September 2008 - Assembly and testing of detectors, magnetometers and electronics.
October 2008 - Start of the first measurements with the neutrons




Scheme of EDM spectrometer

magnetic field coils top UCN trap 4 top magnetometers 2 side UCN detectors 2 direct UCN detectors
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Count per 60 s

Resonance curves for holding time 100s
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Principal scheme of measurements with false effect control

_

d, - top trap - direct detectors
d, - bottom trap _
d- - top tra 1 .

3 p trap - side detectors
d, - bottom trap

1 :
EDM =Z[<d1 +d2)+(d3 +d4)] EDM is EDM effect
1 V 1is effect of influence of electric
— [(d —d ) (d3 -d, )] polarity changing on the resonance
4 conditions (magnetic field or frequency)
N( J

-Iklv—*

[(d —-d ) (d3 -d, )] N 1s effect of influence of electric polarity
changing on the detector counting rate

1
= Z [(d1 +d, ) - (d3 td, )] Z. 1s compensation of all effects, including
EDM effects

*) Difference of measurements for 90° and 180°



Preparation of Cs-magnetometers at PTI
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The best result with HV
(+_)175kV/ 8.7cm = 20kV/cm




Results of measurements in units 1026 e.cm
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OUR current result

InEDM /<5510 e-cm

90% CL

Present limit of RAL/Sussex

/InEDM <3-10°e-cm

90% CL
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Possible improvement of
nEDM accuracy measurement at PF2



EDM spectrometer
at the PF2 EDM position

turbine \ | ~— EDM
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installation
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Future prospects
in Gatchina



The resource of basic elements of the reactor
provides its further operation within 25 years.

Prospects for UCN source
at WWR-M reactor

§

o

m; T T L g § Ty e A g A e |

hall of thermal neutrons hall of ultracold neutrons

Cold Bo

hall of cold and
very cold neutrons

— =/ 54

The scheme of experimental installations on the BBP-M reactor after
installation in a thermal column of the reactor of UCN source with
superfluid helium at a temperature of 1.2K.



MOCNP neutron flux calculation results and heat generation
in thermal column of WWR-M reactor at 15 MW
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Principle of a source

UCNs are generated in helium from cold neutrons of 9A wavelength (12 K energy). It is
correspond with phonon energy: cold neutron produces 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 (9A) penetrate through the wall of a trap, but ultracold neutrons (500A)
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.

[

UCN A=500 A, T=103K

CNA=9 A, T=12 K
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UCN source inside the thermal column of the WWR-M reactor

PNPI workshop is ready to begin production
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The full-scale model of UCN source with superfluid helium is tested up to SO0 W at 1.3 K
It means that project can be realized. (Possible UCN density in EDM trap is about 10°cm? )

Temperature - from heat load
e eee*++1,357K @50 W
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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)




Cryogenic building at WWR-M reactor
Full-scale UCNS model complex with superfluid
helium,
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Full-scale UCNS model complex with;
luid helium has be,enJ constructed




Complex of the available equipment for UCN source on the WWR-M reactor
and a complex of the available experimental installations.
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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. Gravitational
trap for measurement of neutron lifetime. 18. EDM spectrometer. 19. A magnetic trap for measurement of neutron

lifetime. 20. Reflectometer. 21. Spin-echo a spectrometer with VCN. 22. Installation for search of mirror dark matter.
23. WWR-M reactor ramp.



UCN source at WWR-M reactor

The WWR-M reactor at PNPI is going to be
equipped with a high density ultacold neutron
source. Method of UCN production is based on
their accumulation in the super fluid helium due to
particular qualities of that quantum liquid. Our
source aims at obtaining a density of UCN up to
10* n/cm?3 in the experimental trap, 100 greater

then in existing sources presently available in the
world.



Experimental installations
Bn WWR-M reactor UCN source
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Thank you for attention



