Simulation of the nEDM experiment at the PIK reactor

e
S

A. Fomin @

Project leader: A. Serebrov

47

NRC «Kurchatov Institute» - PNPI, Russia, Gatchina

nEDM2021
14-19 February 2021, Les Houches School of Physics, France



Gatchina EDM spectrometer 1975

The first result for nNEDM

with UCN method
|dn | <1.6-:10% e-cm
(90% C.L.)
Altarev I.S. et al.,

Nuclear Physics A341 (1980)
269-283

The double-chamber spectrometer with
reversible electric field is suggested for the
first time.



Gatchina EDM | 8 1980
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reflector of
WWR-M reactor

|d_| < 6-10725 e-cm (90% C.L.)
Altarev I.S. et al., Physics Letters B102 (1981) p.269
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The double polarization analysis system ' :}H{h ," gil.fi |k
IS suggested for the first time. 1 " "I'||




Gatchina source of UCN and polarized cold neutrons
1985 -1996
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|d_|<9.7-10% e-cm
(90% C.L.)
I. S. Altarev et al., Yad. Fiz. 59 (1996) 1204




PNPI EDM spectrometer at ILL 2008-2014

Measurements of neutron EDM carried out at ILL reactor
(Grenoble, France) on the PNPI experimental installation. The
double-chamber magnetic resonance spectrometer with long
holding of ultracold neutrons is used. The results obtained
determine the upper limit for neutron EDM at 90% confidence level

|d | <5.5-10%° e-cm
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0d, ~ 1.7-102> e-cm/day, P ch at entrance ~4 CM
E=12-14 kV/cm
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A.P. Serebrov et al., Phys. Rev. C 92 (2015) 055501



UCN facilities at the PIK reactor

i & |
B | (IS0 RS

- [IERTS -
v, NS

UCN source




p, cm”

UCN source based on superfluid helium
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Test bench at ILL
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count, arb. un.

Test bench at I1LL |
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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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New scheme of EDM spectrometer
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Calculational scheme
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MC simulation
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PIK data center

http://top50.supercomputers.ru
TeKkyLWw WA pedTUHr (Pegakuma Ne33 ot 21.09.2020)
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Conclusion

od, ~1.7-10%® e-cm/day  => od, ~ 110> e-cm/day
E=12-14 kV/cm => 27 kV/cm Technical Physics 64 (2019) 436
at ILL with P at entrance ~4 cm:

od, ~ 1.5-10%¢ e-cm/day at PIK with p ., ~200 cm3

od, ~ 11027 e-cmlyear
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History of nEDM measurements in Gatchina and Grenaoble.
Result and prospects of PNPI-ILL-PTI collaboration

CP-violation and search for neutron EDM

Theoretical
/\1040 : : : : : : : : : : : Prediction:
g . Gatchina |rs rest with UCN > MIT-BNL - Electromagnetic
2101 v { v ORNL-Harvard i
=P I N e ORNL-ILL
e 10 22 \ * W
= 1 +. R == = |LL-Sussex-RAL ]
g SO 4 PNPI
(O] 10 = v\ =
g h ‘e
© 4 24 N Present limit of PNPI-ILL-PTI _ o
L%)_lO - % LY  INEDM/<55:10e.om \ 4 - Weinberg Multi-Higgs
2 -25_ s -
C]lo .C>”<)‘l~\__ Iy .
L The latest ILL-Sussex-RAL result —— " _ - Minimal SUSY
o -26 A
10" - /'-. - - Cosmology
% Estimation of future limit of PNPI-ILL-PTI at PF2 EDM - Left-Right Symm.
p 10™' - Estimation of PNPI project accuracy ——» <——mimm— 27
at the new UCN source of PIK reactor in Gatchina 10 e ) Cm
10-28

Year

1965197019751980198519901995200020052010201520202025

UCN source
at PIK reactor

17



Thank you for attention
Best regards from Gatchina




