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EDM today

| Results
Spin s Experimental Limit SM(8ocp=0)  mmm SUSY (@cp >
1016
10—20
L 1
£ 10-2| [0 —
¥ 10-32
10—36
10-4°
1044 [ -
x\ A Q N ™
& ° S o0
A\ N
e Q

13/03/2026 Konokonbumnkos C. 3AM skcnepumeHTbl Ha NICA



°In 1967 A.Sakharov has shown three necessary conditions for
baryogenesis (initial creation of baryons)

* e Baryon number violation;
e o C-symmetry and CP-symmetry violation;

* e |nteractions out of thermal equilibrium

*The analysis done by the AD Sakharov, showed that this CP-
violation is absolutely necessary to explain why on earth and in
the visible universe there is a , but there is practically
no ANTIMATTER.

First message to search for Electric Dipole Moments(EDM) of fundamental particles:
it came to understand the CP violation

Second message for Electric Dipole Moments of fundamental particles:

the baryon asymmetry of the Universe that represents the fact of the prevalence of matter over antimatter
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KaK mbl cobupaemca mepurtb
934M Ha yctaHoBKax HUKA

B cootBeTcTBMM C Teopemon IpeHdecTa, KoTopaa rnacut: «B KBaHTOBOMU
MEXaHNKe cpeaHmne 3HaYeHUa KOOpPAMHAT MU MMMNY/IbCOB YacTULbl, @ TaKXKe
OEUCTBYIOWMX HA Hee CUA CBA3aHbl MeXay Cobon ypaBHEHMAMM,
NoA0b6HbIMU COOTBETCTBYHOLWMM YPAaBHEHUAM KNAaCCUYECKON MEXAHUKNY.

0. Y3ukos (OUAN) cneumanbHO obocHoBan 3TOT nepexon, ANA ChUHa,
COMMACHO KOTOPOMY B NpPeAcTaB/lieHUU KAAaCCUYECKOU OUBUKU KCMTUHY
O3HayaeT cpeaHee 3HaYeHMe KBaHTOBO-MEeXaHUYeCKoro onepatopa CrvHa.
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Llenb pabotbl

PaccmoTtpeHune cneuyuanusuposaHHbiXx «frozen» u «quasi-frozen spin»
MarHMTOONTUYECKUX CTPYKTYP ANA NyYKAa NONAPU3OBAHHbIX AEUTPOHOB C
3Heprueii 135 MaB/HyKnoOH 1 npoTtoHoB 250 M3B.

B LOoKknage npeactaBneHbl TPU  BO3MOMHble (PU3NYECKME YCTAaHOBKM,
MCNONb3YIOLLME MONSPU3OBAHHbIE MYYKN MPOTOHOB U AEUTPOHOB B peXxMme
«3aMOPOMKEHHOTO» M «KBA3U-3aMOPOMKEHHOIO CMMHa», KOTOpble Morin Obl
6bITb afanNTUPOBaHbl/pa3paboTaHbl A8 NOUCKA 3/TEKTPUYECKOro ANMNOAbHOIO
MOMEHTA.
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OCHOBHOWM NPUHLUMUMN NOCTPOEHMA MATHUTOONTUYECKOU
CTPYKTYPbl HAKOIMNMUTE/IbHOIO KOJIbUA AONA
WCCNEQOBAHUA 34M 3APAXKEHHON YACTULLbI

OcHoBHas uaes uzmepenusst EDM ¢ ucnojib30BaHueM YCKOPUTEIbHOIO
KoJgbla caeayer u3 ypaBHenuss ''Thomas-Bargmann, Michel,

Telegdy"':
d; - - -
22 = S (Qmam + Qeam):
¢ BXE
Drnam = mi{(ya + 1B, (16 +5)% }
(1)
-Qedm — (ﬁXB + )
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NPUHLUUN NOCTPOEHUA MATHUTOONTUYECKOWU CTPYKTYPbI

Ona HakonneHuAa curHana 3SO0M opueHTauMA BEKTOPOB CMMHA WM
NPOAOALHOIO MMMNY/NbCa AO/KHbI 6biTb NOCTOAHHO (WM B cpegHem no
BpemeHu) coHanpasneHbl S > T p.

3TO ycnosue Ha3blBaeTCA «3aMOPOXKEHHOCTbIO» WMAM B obwem cnydyae
«KBa3nU-3aMOPOKEHHOCTbIO» CMUHA B 3aBUCUMOCTU OT TOYHOCTU U cnocoba
ero BbINO/IHEHUA.

Ucxoaa u3 aTUX YCN0BUIA BCE CTPYKTYPbl MOTYT O6biTb OTHECEHbI

K [ABYM KAaaccam: CTPYKTYpbl C «3aMOPOXEHHbIM» U  «KBa3u-
3aMOPOXKEHHbIM» CMTUHOM
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[Ona noncka 1M pa3paboTtaH Frequency Domain Method
OCHOBAHHbIN UCKNOUYNTE/IBHO Ha U3MEPEHMM YaCTOTbI
npeueccuun cnmHa

FDM oCHOBaH Ha 4YyeTblipex pyHAamMmeHTabHbIX 0COBEHHOCTAX:

- U3AMEpPEHME NOJIHOM YacCTOTbl NPeLeccumn cnmHa, obyc1oBAEHHOM INEKTPUYECKMM U
MArHUTHbIM AMNOAbHbIMW MOMEHTAMM B HECOBEPLLUEHHOM KO/ibLie B BEPTUKANIbHOMN
MJIOCKOCTU, C abCONOTHOM CTaTUCTUYECKOM norpeluHocTbio ~1077 paa/c ansa ogHoro
3aN0J/IHEHUA KOJbLA;

- MONIOXKEHNE 3INEeMEHTOB KOJ/bLLla OCTAeTCA HEM3MEHHbIM NPU Nepexoe OT BPaLLEeHMUn
no yacosok ctpenke (CW) K BpalLeHUto NnpoTMB YacoBom cTpenkn (CCW);

- KannbposKa apdeKTUBHOro pakTopa J/lopeHua ¢ NCNONb30BaHNEM N3MEPEHUA
4acToTbl NPEeLeccMn CNMHA B FTOPU30HTA/IbHOM NMIOCKOCTU NPOBOAUTCA NONEPEMEHHO B
Ka*XJ0M BPaLLEHMM NO YaCOBOW N MPOTUB YAaCOBOW CTPEJIKU;

- ycTaHaBAMBaeTcA NpPuUbansnTebHOEe COOTHOLWEHME MeXKAY YacTOTaMu CMNHA B
pa3HbIX MNJIOCKOCTAX TaKMM 06pa3om, YTOBbI MCKAOUYUTb NX CMeLLUBaHME C
BEPTUKAIbHOM YacTOTOM OXuaaemoro curHana M Ha ypoBHe CTaTUCTUYECKOM
YyBCTBUTENIbHOCTU, NpubamKatowemca K 1072° e cm™.
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Frequency Domain Method: basic relationships

Q2= \/(Qedm + QBr )2 + Q%V E, * Q]232 ’

2 2 Q% +0?
1 QB E +QB 1 B,E, B,
Q:(QequtQBr l+—7—— : -}QZQB,,JFQedeFE 0 O
2(Qedm+QBr)2 edm T B,
2 2
192 g 4% : 2 2
Qgm > ——— = finall Q +Q
edm = > Quim + Qg Yy » 0, JL177BE 7B,
T2 Qea’m

Main idea: to make the contribution from EDM frequency into

the total frequency () bigger than from MDM additions Q7 .7
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Ana nsmepeHna 4acToTbl Npeueccumn CnUHa UCNOIb30BacA
EDDA Polarimeter

* Left-Right asymmetry

= vertical polarization
Nl _ Nr

v o Cver =N FN,
r

* Up-Down asymmetry

= horizontal polarization
Py X €}, = Nup = Nan
- Beam
H hor Nup + Ndn
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Figure Of Merit vs Energy: choice of energy

FOM_200_MeV
FOM_76 MeV - - axisss
- 20
> 2 axisss o Entries 0
2 E Entries 0 18F- Mean x 0
(.DI1'8—— Mean x 0 - Meany 0
™~ - Mean y 0 16— RMS x 0
s 160 RMS x 0 E RMS y 0
Sk RMS y 0 =
- LE 14
14— C
1-2:— 12:—'
1= 10
0.8 8E
0.6 SE
0.4 4
0.2 2
- | =PRI BTSN EFSUSAE EFE S RIS S
% 35 40 45 B0 B85 B0 85 70 0 5 10 15 20 25 30
© [degree] © [degree]
FOM_270_MeV
axisss
< Entries 0
™ Mean x 0
Meany 0
102 = RMS x 0
E RMS y 0
10 =
1 1 1 1 1 a iV 5 s 59
0 5 10 15 20 5 30
© [degree]

13/03/2026 Konokonbumnkos C. 3AM skcnepumeHTbl Ha NICA



Coherence time
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Best Spin Coherence Time: t5cr = 1000s
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Two types lattices: frozen and quasi-frozen spin

*  “Frozen” spin lattice for deuteron based on the «E+B» elements:
- the spin of the referent particle is always oriented along the momentum

. o 2
GB +{1—G]['BZ><E ):0 =) E,=GB,cpy
Y 2 X
y- -1 ¢

- The spin of non-referent particles make incoherent rotation relative to the referent

particle spin

or for proton based on the «E» (ﬂgments:

1 —
(-0 (Bx) -
ye—1 C

*Quasi-Frozen spin lattice consists of n E-parts and n B-parts of ring:

- The spin of the referent particle oscillates within a small angle +yG/4n relative to the
direction of motion

1
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YctaHoBkM OUNAW ana namepenuna 34AM

OcCHOBHble MecTa pacnosioxXeHna obopyagoBaHmnA ana nomcka 34M:

1. Bypass («KBa3n-3aMOpPOXKEHHbDIN» CNUH)
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3. CneuynanmsanpoBaHHOE KONbLO B 34. bl («samopoxeHHbIli cnnl»)
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Sensitivity of experiment

37

"~/
0 PAE [Ny Tt
R BeamJ =~ Tot" Spin

P =038 Beam polarization
A =06 Analyzing power of polarimeter
Er=12 MV/m Radial electric field strength
Ngeay = 2-1019 p/fill Total number of stored particles per fill
f =0.55% Useful event rate fraction (polarimeter efficiency)
T =10"s Total running time per year
TSpin = 10%s Polarization lifetime (Spin Coherence Time)

o, & 3- 10*’e-cm for one year measurement

dp
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MBI paccMOTpe/Id TPH BO3MOKHBIX BADHMAHTA aIANITAIlMM YCTAHOBOK
NICA 111 uccie10BaHUA JIEKTPUIECKOI0 JUIO0JbHOI0 MOMEHTA
JIETKUX YaCTHUIL
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Quasi-frozen spin option for NICA collider
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Quasi-Frozen Spin option in COSY and NICA accelerators
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NICA Bypass
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Based on the considered cases, we can get structure closely
adopted to reality. Now, straight section is fully regular and
shorter LEY = 80.71 m. ByPass consist from 5 quadrupoles
and deflect beam by 1.46 m.
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20

Nuclotron with “Quasi-Frozen” Spin option
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O6wasa gnuHa konbua 251 m:
- CoBokynHaga anvHa scex mardntos 100.8 m

- Max mardHuTHoe none 1.8 Tecna
- CoBokynHaga anmHa Bcex cBoboaHbIX y4acTKoB 78.6 M
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“FROZEN SPIN” onuuA
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3AKTIOMEHUE:

dyHAaAMeHTaIbHble OCHOBbI, MO3BONAIOLWME FOBOPUTb O PEeaIN3yemoCcTu
3KCnepumeHTa no usyyeHuto 34M

SPRINT Spin Physics Research INfrastructure and Technologies
collaboration OUAN+UAN+UTO+MPTU+MUDU

JKCnepMmeHTaNIbHO AOCTUTHYTO BpeMsA COXpaHeHUAa nonapusauum nopaaka 1000
CeKYHJA, 3a CHeT NnogasBaeHna gekorepeHumm cnmHa MeToaom BeeaeHuA
HE/IMHENHbIX MarHUTOONTUYECKUX 3/IEMEHTOB

JKCNepuMeHTa/IbHO AOCTUTHYTa AbCONOTHAA TOYUHOCTb U3MEpPEHUA HYACTOTbI
npeueccum cnvHa yposHe 1077 3a oauH run

Pa3paboraHa KoHUenuua KBasu-3amoporkeHHoro cnuHa (QFS) ana namepeHus
3M Ha yctaHoBKax NICA (konnanaep + HyKnoTPOH) U3HAYaNbHO
HEOPUEHTMPOBAHHbIX Ha 3[1M c ucnonb3zoBaHnem ¢puNbTPOB BUHA

PaspaboTtaHbl MarHUTOONTUYECKUE CTPYKTYPbI CNeyuManm3mpoBaHHOro KoblLa
ansa namepeHuna M npoTtoHa u AeNTPOHaA

PaspaboraH FDM metopg (Frequency Domain Method) nsmepenuna 31M Ha
OCHOBE U3MEPEHUA YaCcTOTbl MPELLECCUN CMTNMHA, KOTOPbIN NO3BOAUT NOAYYUTH
YYBCTBUTENbHOCTb U3MepeHusa M Ha yposHe 10727 e cm

Konokonbumnkos C. 34M sKkcnepumeHTbl Ha NICA
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Neutron EDM upper limit (e cm)

Storage Ring EDM Project
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Measurement of polarization asymmetry
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Nj(@s) + Nj(@s)

e(@s)

=2 -
@
§ 150}
@ } -
B -
2 100
E N
=] -
= -
50'_—
0
400(— : b) —
T Ny ®)7]
i S T = . o -+ .
- - . e o +_+_ N
. A : . s —— ]
El=] 200 T e T T e - L g -~ - ]
=
i -
) 1 n 3n 2r
] 2
spin phase advance Q.
FIG. (a) Counts N;; and N, after mapping the

events recorded during a turn interval of An = 10° turns into a
spin phase advance interval of 4x. (b) Count sums N, ,,(¢,) and
differences Ny, (@) of Eq. (6) with ¢, € [0,2x) using the
counts Ny (@) and Np(g), shown in panel (a). The vertical error
bars show the statistical uncertainties, the horizontal bars indicate
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Vector diagram of EDM for “Frozen” spin
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ARC+ Wien filter, deuteron G<O0 for “quasi-frozen” spin

Farc
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Quasi-frozen spin, deutron, G<0 with Wien filter
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EDM measurement precision

the accuracy of the frequency measurement of determines the precision
of the EDM measurement.

For an absolute statistical error of measuring a frequency of the spin
oscillation, we can use

O =6624/N/T

N - the total number of recorded events,
o¢ 4 7 0.03 - the relative error in measuring the asymmetry
T ~1000 sec is the measurement duration.

At 10'* particles per fill and a polarimeter efficiency of 0.01 an
absolute error of frequency measurementis cq=2-10""

At an average accelerator beam time of 6,000 hours per year, we can
reach o, ~107 rad/sec using one-year statistics,

that is the accuracy of frequency is satisfactory and sufficient for reaching
at a parameter of d; ~10~%-cm
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Frozen spin lattice for deuteron at G<0 based on the
«B+E» elements

Frozen spin lattice for proton at.G>0 based on the «E»
elements

E-Field Simulation — Top View
¢ Bru=16T

e m=64t

+ Gap height
200 mm
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Deflector w/o Shields

Actuators
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Deflector

Feed-Throughs

Deflector:
Length 1020 mm
Height 90 mm
Gap 40 - 80 mm (tbd)



Quasi-frozen spin option for NICA collider
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[MapameTpbl «HpPO3EH» CTPYKTYPbI 419 AEUTPOHOB

IlepBoe yciioBue OnpeenseT COOTHOIICHUE BHENTHUX MOJIEN U painyca KPUBU3HBI OPOUTHI

Bropoe cienyer u3 ycClOBUS PaBEHCTBA HYIIO YacTOThl MPELECCUU CIMHA OTHOCUTEIIHHO
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[Tocnennee onpenensaeT COOTHOMIEHHe Mexay noasamMu E u B

—_

Gl_-;c22
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U paanyc KpUBU3HbI IOBOPOTHOIO AeduieKTopa
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R =

B namewm ciyuae aist aHepruu 270 MaB paauyc kpubusHbl geduexkropa R=9.20706347 u
CyMMapHasi JjinHa Bcex J1eiekTopoB coctaBut 57.8496859 m

IIpu oOmiem uucite nediexropos 32 amHa oxqHoro neduekropa L, = L, /(16*2)=1.80 m



