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Nucleon Electric Dipole Moments

~—~ d? H — _jN E
T 3
EDMs are the most sensitive probes of CPv: A Sakharov's conditions for
® Sianals for N M phvsi baryon asymmetry in the Universe
Signals for beyond SM physics [JETP letters, 1967]
(SM = 105 of the current exp.bound) P, GP symmetry violation
Baryon number violation

® Prerequisite for Baryogenesis non-equilibrium transition

® Strong GPR problem : 6qcp-induced EDM?
\ — . ah? p/ — P)v
Nyl Ny = iy [Fi + (4 i) T P,

e b

Dirac Pauli Electric dipole

(anom.magnetic)
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.
Experimental Outlook

Current nEDM limits: .
d,,| < 2.9% 10726 ¢ - cm (stored UC neutrons) Future nEDM sensitivity :

—_— . 1 1 f?
[Baker et al, PRL97: 131801(2006)] ® 1-2years : next best limit'
d,| < 1.6 x 107%%¢ - cm ("*°Hg) ® 3-4 years: x10 improvement
n L

[Graner et al, PRL116:161601(2016)] ® 7-10 years : x100 improvement

[Snowmass EDM workshop report,

arXiv:2203.08103]
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.
Nucleon EDMs: a Window into New Physics

@ Effective quark-gluon CPv interactions: Fundamental theory CKM, 6, SUSY, Multi Higgs, LR-symmetry
dimension < scale of BSM physics l
[ Engel, Ramsey-Musolf, van Kolck, Wilson coefficients [0 Cpp Cppr(1:8), Cpyp dug dyg semileptonic
Prog.Part.Nucl.Phys. 71:21 (2013)] l l
Lo — Z Ci Oldi] Low energy parameters _glO g, (g;)—> dd] [ ¢ coo
B O | Al
d=4 . Oocp Nucleus level d,*He| | Schiff moment |
d=5(6) : quark EDM, chromo-EDM l
d=6 : 4-fermion CPv, 3-gluon (Weinberg) Atom/molecule love —_ P:'mmagneﬁc

v

Solid state

[Courtesy of Tim Chupp;
Rev.Mod.Phys 91:015001 (2019)]

__ 70 cbEDM
dnap o dn’peQCD _|_ dn7p CCEDM _l_ T [ C’L @ dn’p ?]

@® Nonperturbative QCD on a Lattice:
Quark-gluon CPv interactions = nucleon EDMs , CPv zNN couplings
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Sergey Syritsyn

Adding CPv Interactions to Lattice QCD

® Linear response to Bqcp-term

[ Aoki et al (2005); Berruto et al (2005); Shindler et al (2015) ; Alexandrou et al (2015) ;

Shintani et al (2016); Dragos et al(2019); Alexandrou et al(2020);

Bhattacharya et al (2021) ;Liang et al (2023)]

(O..)opr={(0..)cP-cven —i0(Q - O...)cP—cven + O(67)

Y\

couplin CF operator: GG, cEDM,
1 coupling GGG(Weinberg), 4-quark

(n) — (n+1) correlation function, e.g.

(NJN) — (QNJN) 012 [

0.1

® Finite (imaginary) CPv: 8/acp

[ R.Horsley et al (2008) ; F.K.Guo et al (2015) ] 0.08 |
<(’)...>9~/DU6_S_91Q (0...) o 0.06 [

require dedicated QCD simulation 0.04 :

—> better sampling of Q#0 sectors

0.02 |

nEDMs on a Lattice with Background Field
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Determination of Nucleon EDM

® "Energy-Shift method" (uniform electric field) o Neutron, BM40 “ ]
[S.Aoki et al '89 ; E.Shintani et al '06; i ’ } { { '
E.Shintani et al, PRD75, 034507(2007)] 10T L3111 1 { ]
_ > o [ _x%%
<N(t)N(O)>9’E’ ~ e—(E:th.E)t 1: :
Euclidean lattice: TTygg P§y
Real-valued E —> violate time-BC 0999F 23 Tl
. . . . - | A E=0.004,6=0.1 .
Imag-valued E = imaginary shift in my - | v E=0.004,0-0.1 { { 1, Y
0998y~ ————5—— 't'1'o' 15
® "Form-Factor method" : dn=F3(0?—0) / 2my)
[ (everybody else, almost) ]
(Np |3v" aINp) o = U [ F1Y" + (F2 + 75)7;01“/(]9/ _p)”}u 100
p p/CP p 2m N p :
g
pre-2017 : spurious u,<>d, mixing g
Dragos et al(2019) dn /0 =-0.0015(7) e:fm 5
Alexandrou et al(2020) dn/ 0= 0.0009(24) e-fm 800 0.05 0.10 0.15 0.20
Bhattacharya et al (2021) d,/ 6] =0.01 efm @ [GeV?]
- Need extrapolation t
Liang et al (2023) dy/0=-0.0015(1)(3) e-fin forward-limit Fx(0?—0)
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-
Nucleon "Parity Mixing"

Any CPv interaction induces a chiral phase in nucleon spinor on a lattice

(vac|N|p, o) o = € Puy 5 = Up.o
u [’U,TC")/E;CZ] Z ﬂp,aﬁp,a ~ ( _ Zpg + mN62ia75)

@ [M.Abramczyk, S.Aoki, S.N.S, et al (2017) arXiv:1701.07792]
EDM and MDM are defined with positive-parity spinors

oMY (p/ . p)z/ Y4U = +U
A — o | FaAH F: ' with
<Np ’q/y q,Np>/QP/ up |: 17 T ( 2 T F3 5) ZmN i|up ? ’L_l/y4 — 44
. - Pre-2017 results: mixing correction
check: c;EDM-mduced EDM / EDFF ) ) g Forn g
comparison of form factor F3 dn,p” = |dnplirue — 20 o
to energy shift in background E=const N
20 . . : . : : . 0.1
a0 _..Tf;. .............................................................................. 0.0}
% —20} pg. electric new" Fs 1 o0
2 —40} field result S —0.2}
- 60l & —0.3}
L{? —80F} —0.4+}
: —0.5 % mx =465MeV
0 T 0T 02 03 04 05 04 gl

. 6 1 I I I L
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Q*[GeV?] g
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-
Nucleon "Parity Mixing"

CPv interaction induces a chiral phase in nucleon wave functions on a lattice

(vac|N|p, o) o = € Puy 5 = Up.o
u [’U,TC")/E;CZ] Z ﬂp,aﬁp,a ~ ( _ Zpg + mN62ia75)

; ' [M.Abramczyk, S.Aoki, S.N.S, et al (2017) arXiv:1701.07792]
EDM and MDM are defined with positive-parity spinors

_ _ . o™ (p" —p)y L AU =t
/ H — / H
(Np|a Q’Np>fo Up [F17 + (F2 + 5) IMm N }up , with Uys = 4+
6-nEDM m~ [MeV]| mn [GeV]| F3 o I3 ik A

373 1.216(4) |—1.50(16)" —0.217(18) |—0.555(74) | 0.094(7
530  1.334(8) |—0.560(40) —0.247(17)%]—0.325(68) [—0.048(6
530  1.334(8) | 0.399(37) —0.247(17)"| 0.284(81) | 0.087(8
690  1.575(9) |—1.715(46) —0.070(20) |—1.39(1.52)|—1.15(1.52)
605  1.470(9) |—1.698(68) —0.160(20) | 0.60(2.98)| 1.14(2.98)
(7) ( (27)
( (14)

[ETMC 2016]

[Shintani et al 2005] {

[Berruto et al 20006] {

S I 3IT 3|3

465 1.246 —1.491(22)¢ —0.079(27)*| —0.375(48) |—0.130

(
| 201
[Guo et al 2019] { n| 360  1.138(13) |—1.473(37)° —0.092(14)%| —0.248(29) | 0.020(

After removing the spurious contribution,
no lattice signal for Gqcp-induced nEDM
RESOLVED conflict with pheno. values, lack of dn ~ mq scaling
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.
Importance of "Parity Mixing” Correction

Exact value of as is critical for correct determination of EDM:

m

F3*'(Q?) =~ gSNT(O)‘CTMq,NT(_QS»% — 945GE(Q22
CPv matrix element Sachs form factor
subtraction

0.12 ' ! ! | T T T | T T T T T T T | T T T

Proton (Gep(0)=1) : Correction ~ as

0.08- -

Neutron (Ggn(0)=0) : No correction at Q2=0
However, Q?*—0 extrapolation may be skewed
by neutron electric form factor ~as Gen(Q?)

[Punjabi et al, 1503.01452]
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]
Noise from O-Term in nEDM from

Variance of lattice 6-induced nEDM signal ~ (Volume)4q : 005t [E.Shintani et al (2015)] :

~ : \ 03 F3(Qorin) |-

dN <Q (NJMN)> _ 002 § % O n

Top. charge Q) ~ (Gé’) . with (|Q]%) ~ V4 3 .0:— ° -

Vi < 001 .

002~ 0 % |

Constrain Q sum to the fiducial volume F } E

in time around current, |to— t)| < At 00| At
[E.Shintani et al (2015); Yoon et al (2019)] L

in time around source, |tq— fsource] < At [Dragos et al (2019)]
4-d sphere around sink, |xq — Xsink] < R [K.-F. Liu et al (2023)]:

critical for correct determination of F3 read €
—> nucleon must "settle" in the new 6#0 vacuum -

@ Proper treatment of nucleon parity mixing is

NE) S N o N 4o N
N o NG o NG N
= constrain time and space differently :
4d "cylinder” V5 i |2l <rg, —Atg <z <T+ Atg 0

—AfQ
Sergey Syritsyn nEDMs on a Lattice with Background Field INT 23-1B,  Seattle, WA  May 25,2023




- |
Effect of GG cuts: Parity Mixing Angle

® 243x64 a=0.114 fm mz=330 MeV (N=2+1 chiral-symmetric quarks)
® 1400 confiigs = 89.6k stat. T+l
T
® GG : Wilson-flowed (t=8a?) gauge links [M.Luscher, 1006.4518]
5-loop improved GG [P. de Forcrand et al '97]
® Cutsinspace r<rq, time Afq
: . _ __ 105 0
parity mixing angle a : <VaC‘N‘p, (7>QP/ — € Up. o _Atg
0.30 | | | | | | | | | | | | | | | | | | | | | | | |
1
0.25} : 1 1 .
1]
0.20} - : i % 1t §¥ % :
i b it
0.15E i ;;iig I i.i-"gaéi 1t ;i%-':gﬁéi |
LM LT ta R T o ®
¥u® 00 m_eo n,*
£ 010} - ; é?-;:..O 1 S1¥%.° %°‘f.
0.05_1!@...-@? | e 1| 1L
® Qlrgl =38, Atg =2) ® Qlrgl =12, Atg =2) ® Qrgl=16, Atg =2) ® Qrgl =00, Atg =2)
0.00H ® Q(rql=38, Atg=4) | | m Qlrgl =12, Atg =4) | @ Q(rg| =16, Atg =14) | @ Q(rg| =00, Atg =14)
¢ Qrel =38, Atg =38) ¢ Qrel =12, Atg =38) ¢ Qlrel =16, Atg =8) ¢ Qlrgl =00, Atg =8)
—0.05H ¥ Qrql=38, Atg=12) 4 H Y Qrel =12, Atg =12) H Y Qlrel =16, Atg = 12) H ¥ Qlrg| = oo, Atg =12)
A Q(lrql =38, Atg =32) A Qlrgl =12, Atg = 32) A Q(lrql =16, Atg = 32) A Q(rql = o0, Atg = 32)
_010 . . . . . . . . . . . ] . . . . . ] . . . . . . ]
02 46 8101214 0 2 4 6 8101214 0 2 4 6 8101214 0 2 4 6 8 1012 14
t t

{
rQ = 8a
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R
Effect of GG cuts : NEDM Form Factor F3

® 243x64 a=0.114 fm mz=330 MeV (N=2+1 chiral-symmetric quarks)

A
® 1400 confiigs = 89.6k stat. T +Atq

® GG : Wilson-flowed (t=8a2) gauge field [M.Luscher, 1006.4518]
5-loop improved GG [P. de Forcrand et al '97]

® Cutsinspace r<rq, time Afq

lat (2 ~, T - 2 0

R = 2 (N Olgnd Vi (—a)or — 0sGE@)
0.15 — _—

—— Qllrg| =8, Al =2); —— Qllrg| =12, A1 = 2);

- Qllrg| =8, Alg =4); - Qllre| =12, A1 = 4);
010 i + Qllrg| =8, Al =8),; || i + Qllre| =12, A1 =8); ||

—¥— Qllrg| =8, Atg =12); —¥— Qllrg| =12, Atp = 12);

—— Ql|rg| =8, Afg = 32); —— Qlrg| =12, Afg = 32);
0.05 f

(.00
—&— Qlrg| = 16, Alg = 2); —— Qllrg| = =, Alg =2);
—- Qllrg| = 16, Alg = 1) ; —— Qllrg| = =, Alg =4);
—0.05 ] i h | —4— Qllrg| = 16, Afg = 8); ) 14— Qllrg| = =, Alg =8);
—¥— Ql|rg| = 16, Atg = 12); —¥— Qlrg| = 2, Alg = 12)
—— Qllrg| = 16, Al = 32); —— Qllrg| = 2, Al = 32)
8).[)().1().‘2().3().4().5().6().7().8().()[).1().‘2().3().4 0.50.60.70.80.00.10.20.30.40.50.60.70.80.00.10.20.30.40.50.60.70.8
Q? [GeV?] Q? [GeV?] Q* [GeV?] Q? [GeV?]

rQ = 8a —TQ:OO
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.
Another Definition of Top.Charge Density

[Liang et al ; 2301.04331]

® top.charge from chiral fermion modes e
(better than gradient-flowed GG?) U I
1 = X
q(z) = §Tr[’y5DO,U(:IJ,I)] T 00 o :]ol*
[ Jf i
i —0.06
® space-time cuts around nucleon field % m, =281 Mev )l* }l:li]{ 1 X
OR vector current 0087 m, =321 Mev
X m,=347 Mev
010d % my=389 Mev
R 4 6 8 10 12
R/a
to ty
0.000
® 241005
i 241010
R —0.002 1 8 241020
¥ -0.00142(20)(29)
‘S -0.004 1
totf c.ic —0.006 - § {
® Dbest definition of dn to date? 0008 ]
d® /6 = —0.0015(1)(3) e - fm e | | | |
0.0 0.1 0.2 0.3 0.4
m2 (GeV?)

(chiral extrapolation)
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EDM from Full Q at Physical Point

[Alexandrou et al, PRD(202) : 2011.01084]

® comparison of EDM from Qs=/GG vs. fermion*-mode Qr

anN

field theo. @ =

1 _
0.24 i 1672 Z GG

0.22

0.20t |

0.18

0.167 5 3 1 5
THow

6

dn /0= 0.0018(56) e-fm

Sergey Syritsyn

QN
0.16 _
{  spectral proj. Q= S: S:(!DA’YS@DA):U
0.14 IN<Mip,r =
0.12 } } } } }
0.10 } }
0.08 {
. } )
o d@ = Y (st
} |>\|§Mthr
0.04
20 30 40 50 60
Mthr [MGV]

nEDMs on a Lattice with Background Field

dy /0= 0.0009(24) e-fm
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.
Alternative: EDM from Feynman-Hellman Thm

FH theorem : " T Teoomezn. i

Perturbation's matrix element < Energy shift oo _f 1
8E,\_< 8H,\‘¢> ﬁﬂ{;% |
aA B 4 i g ! s

(used successfully to compute ga to sub-% precision)

and other forward hadron matrix elements t/a
[Chang et al (CalLat), Nature 558:91 (2018)]

Nucleon EDM from FH:
dt

O-term as a linear perturbation

BrGe GO
ur = puv
induces EDM d,, ~ 0 : 327’(‘

background electric field leads to a

/ L 9 —> —
energy shift of a polarized-nucleon my =my — (dy0) X - €

FH : relation between EDM and 9 3 0 S
matrix element of local top.charge density ~ ¢N X <NT| d mGuuGW

M)
ng

Advantage: precise dn from GG on only one time slice => noise reduction
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EDM < Density of Top.charge in Polarized Nucleon

d(]g\] 0.¢ <NT dSCIZ‘ GZVGZV NT>

s

Nonzero in CP-even vacuum only if both spin- and charge-polarized
(can be simulated with background E || B fields)

(permanent) EDM < correlation of spin and charge

charge polarization in CPv vacuum (N| d| N)cpv ~ E
OR
spin polarization in CPv vacuum (N[ Z | N>cpv ~ E
OR
"topological” polarization in CP-even vacuum (N] GG | N>cp-even ~ S-E
( )
Normally <(/:/L|)GG |N>CP-(e1/|_e)n is zero (N:| GG |N)e=0 vanishes
P(INTT)) = +INP) } o
P(GG) = -GG sensitive to EDM directly
unless background E field breaks parity, (no subtractions)
polarizes N into a mixed-parity state: \ )
N, = N+ 0O(E)|IN) used in

Sergey Syritsyn nEDMs on a Lattice with Background Field INT 23-1B,  Seattle, WA  May 25,2023



.
Background Electric Field

Accessing magnetic and electric moments at Q%=0
Imag.Minkowski/Real Euc. electric field on a lattice
[W.Detmold et al (2009)] : calculation of hadron polarizabilities

Full flux through the
"side" of the periodic box

=q® =27 -n

Constant Electric field
has to be quantized,

1 2w
gmin —
‘Qd‘ La:Lt
(4
1gA
Uu — e’ Uu Electric field on a 243x64 lattice
o
£ = ~ 0.037 GeV~
Az (Zv t) — ngmin 1 Lath )

A(z,t =Ly — 1) = —nEnin - Lz ~ 186 MV /fm

Unambiguous determination of EDM from the energy shift
Straightforward for neutron with Q=0
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Topological Charge with Gradient Flow

Gradient flow: covariant 4D-diffusion
of quantum fields with "G.F." time #GF:

Tree-level:

Gradient-flowed topological charge:

total top. charge on 20 randomly

[M.Luscher, JHEP08:071; 1006.4518]

d
di Bu(tar) = DuGuu(tar), Bu(0) = A,
GF
4 (z — y)2
B, (z,tar) / d*y exp [— Tiar } A,(y)

2

Qlicr) = / T o {G“”G“”}

toF

chosen gauge configurations

10

effective scale Auv — (fcr) !

smooth fields (reduce |G| )

<= continuous "cooling"

remove Guv dislocations
=dynamical separation of top. sectors

[M.Luscher, JHEP08:071; 1006.4518]

diffusion of top.charge density

by / a®

ergey Syritsyn

nEDMs on a Lattice with Background Field
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Gradient-Flowed Topological Charge Density

92

~ 3972

1 1 lat ~vlat
1672 g4 Tr [GMVGMV}
X (E ) H)color

q(x) Ge,Ge,

Gradient flow:

effective scale (Auv)! — (tcr)!”

make fields smooth (reduce |G| )

remove dislocations=dynamical

separation of topological sectors

[M.Luscher, JHEP08:071; 1006.4518]

4D-diffusion (including time) of g(x)
(q(x)q(0) ) ~ exp[ —(x—y)*/ 8tcr |

243 x64 lattice, mm =340 MeV
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.
Tunneling Between Topology Sectors

2

g a /a
1 1 lat ~vlat
1672 g4 Tr [GMVGMV}

X (E ) H)color

Instantons and Anti-Instantons :
Quantum tunneling of gluon field
between topological sectors

CPv-QCD ©®-Vacuum :

[Generated at Mira (ANL)] ‘UCLC>@ _ E : 6z’9Q |Q>
5 fm=5-10"15m Q
6 svideo =5fm/c =1.7-1023s real time
[Lattice QCD at the physical point]

Sergey Syritsyn nEDMs on a Lattice with Background Field INT 23-1B,  Seattle, WA  May 25,2023




]
Matrix Elements of GG vs. Gradient Flow Time

0.030

0.025 1

. 0.020 1

dﬁf)/é [e-fm

0.010 1

0.005 1

0.000
0.030

0.025 1

. 0.020 1

e-fm

—_—
-

4 /g

0.010 1

0.005 1

0.000

Sergey Syritsyn

___PRELIMINARY

~0.015 1

i i i + tsep/a:6

lllll
T

Two effects observed:

1. Convergence to
ground state matrix el.

2. Diffusion of top.charge
for tyep = Ta

PRELIMINARY estimates
2mdh = F3(0)=0.11 .. 0.13
agree with form factor

0.015 1

Analysis of (zq, tGr)
required to detangle

(N|GG|N),
(N|GG|N)exe ,
(vac|GG|NN),

nEDMs on a Lattice with Background Field
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Matrix Elements of GG (Low-mode Improved)

0030 PRELIMINARY =
Hi RS Hi IR S
tor/a =10 || e | | terfer =2 2| Two effects observed:
0.025 i L e | i L gpfa=s
i ot a9 i e 1. Convergence to |
_.0.020 L L ground state matrix el.
% 2. Diffusion of top.charge
= 0.010
0005 PRELIMINARY estimates
| 2md, = F3(0) = 0.11 .. 0.13
0.000 agree with form factor
0.030
0.025 1 .
Analysis of (zq, tcr)
Ehaad required to detangle
~0.0151 ~
S (N|GG|N),
= 0.0101 ~
(N|GG|N)exc
0.005 1 - B
(vac|GG|NN) ,
0.000
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Gradient Flow as "Diffusion™ of Top.Charge

1074

| | —6— f6r=0 —4— tor=4a’ —¥— ter=10a’ 1
\ |—8— ter=a’ 34— tor=5a’ —— ter=9a’
10—5 i —4— tor=2a’ —— tor=6a’ —— tor=10a?
- —¥— tor=3a’ +— ter=7a’

10—9 | | | | | T | .
0 D 10 5 20 25 30 35 40

(r/a)?
Diffusion of q(x) in Euclidean (lattice) time:
q(tar;t) ZK tar;t —t')q(t')

complications for matrix element analysis

Empirically for 7, vtar > m, '

(@(r)i(0)) o< exp | -

Sergey Syritsyn nEDMs on a Lattice with Background Field INT 23-1B,

2
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.
Gradient Flow as "Diffusion™ of Top.Charge

10_4 J —_— -3
| | —— tcr=0 —4— tor=4a’ —¥— ter=10a° |3
\ | tor=a’ —4— ter=5a’° —+— ter=9a° |]
103 |4 ter=2a’ —— ter=6a° —&— ter=10a° ||
—¥— tor=3a’ +— tar=7a’? :
. _
<1075} |
S
1077 ]
= RS
= s
1078 .
10—9 | I I I I T I .
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Diffusion of q(x) in Euclidean (lattice) time:
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complications for matrix element analysis

Sergey Syritsyn

nEDMs on a Lattice with Background Field

—— wf0.02x50
—i— wf0.02x100
—4— wf0.02x150
—¥— wf0.02x200

1.01 T

0.8 1 ——  wf0.02x300
—— wf0.02x400

0 5 10 15
t/a

Extract kernel K from lattice data
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where

X(tarite —t1) = (q(tar;t2)q(tar;t))
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Combined Fit: Euclidean Time & Gradient Flow
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(N(tsep) q(tar,7q) N(0))

Combined Analysis of
(1o, ter) dependence:

ground state
(N|GG|N)
excited §tvate(s)
(NIGGIN )exc
"contact” amplitudes

(N (GG)|N)

NN annihilation by GG
(vac|GG|NN)

grey band:
"summation analysis"

~  Klter,|mq —7gl) @ (N(tsep) a(mq) N(0))
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Extrapolation to the Physical Point

0.010 - L
0.6 -
= 0.005 a
® = 0.5
© :
0.000- 904_ L e
PRELIMINARY s
~0.005 1 , | | | . . ——
0.00 0.05 0.10 0.15 0.20 0.25 '
2 2 :
m; |GeV?] 0.9
. . * # Dragos(2019)
Chiral extrapolation . i 4 Bhattacharya(2021)
[Hockings, van Kolck (2005)] e —p— P Alexandron(2021)
2 S > <« Liang(2023)
2 2 : - [This Work]
dp(my) = Cim: + Comz log —m; | +, | | |
N —0.010 —0.005 0.000 0.005 0.010 0.015 0.020 0.02
|d,| [e- fm]

(Only multiplicative O(a”2) corrections
with chiral-symmetric lattice fermions) Summary of neutron 8-EDM

from Lattice QCD
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Summary

® Novel method to compute nEDM from local topological charge

Results consistent with earlier works (and also with zero)
Potential method of choice for physical-point calculations with large V4

® Important cross-check for E.D. form-factor calculations
Controllable space cut-off of "disconnected” CPv interaction

® Current results compatible with zero;

more statistics, additional pion-mass point needed
Potential method of choice for physical-point calculations with large V4
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Outlook: nEDM from other CPv Operators

® EDM of the Proton : background field requires only energy shift (acc. cancels out)

® Background field method may reduce errors in calculations of nEDM from
other "disconnected" CPv interactions: Weinberg, isoscalar (strange quark cEDM?)

® Simplified contractions for 4-quark CPv operators (L-R, SUSY)
1

00 = 5 () (dysd) + (T ) (dysTd) — [u < d

Ofpiga = (50) (dd) -+ (iu) (dysd) rchgroun nEDW with
— [(u)( d) < (ud)(du)] E-field current

0¥ = (wysT"u) ()J d) + ( Au) (dvysTAd) Cd g

— [(@u)(dd) < (ud)(du)] >
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