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Outline:

The Permanent Electric Dipole Moment and its Features
CP-Violating Sources Beyond the Standard Model (BSM)
Electric Dipole Moments (EDMs) of the Nucleon

Electric Dipole Moments of the Deuteron and Helium-3

Conclusions and Outlook
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CP violation and Electric Dipol Moments (EDMs)

Tu EDM: a=2,-?;ei suba-tomic dé/|é|

- (polar) particles (axial)

\:)v P axia
. __. S F S F
dﬂ; P d¢ H——u§~B—d§-E
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N~

Any non-vanishing EDM of a non-degenerate
(e.g. subatomic) particle violates P& T

Fig. courtesy of Wikimedia
A.Knecht 2008 H

= Assuming CPT to hold, CP is violated as well (flavor-diagonally)
— subatomic EDMs: “rear window” to CP violation in early universe

= Strongly suppressedin SM (CKM-matrix): |dn|~10731"33ecm, |de| ~10-**ecm
= Current bounds: |dn|<3°/1.6*-10"26ecm, |dp|< 2-1072ecm, |de|< 1-10728ecm
n: Pendlebury et al. (2015)°, pprediction: Dimitriev & Sen’kov (2003)* e: Baron etal.(2014)'r

* from |d199Hg‘ <7.4-1073%¢cm bound of Graner et al. (2016), 1 trom polar ThO: |drpol 10721 ecm
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A naive estimate of the scale of the nucleon EDM

Khriplovich & Lamoreaux (1997); Kolya Nikolaev (2012)

= CP & P conserving magnetic moment ~ nuclear magneton py
pn = 5o ~ 107 ecm.

= A nonzero EDM requires

parity P violation: the price to pay is ~ 10~
(Ge - F? ~ 107" with G- ~ 1.166 - 107°GeV2),

and additionally CP violation: the price to pay is ~ 1072
(In+=] = JAKY = 7+a)| [ JA(KE - n¥77)| = (2.232 £ 0.011) - 1072).

= Insummary: |dy| ~ 1077 x 1073 x uy ~ 1072*ecm

= In SM (without @ term): extra GeF? factor to undo flavor change

> |d§M ~ 1077 x 1072*ecm ~ 10-%"ecm

— The empirical window for search of physics BSM(0=0) is
102*ecm > |dy| > 1073%ecm.
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How to handle CP-violating sources beyond the SM?
Evaluation in Effective Field Theory (EFT) approach

= All degrees of freedom beyond NP (EW) scale are integrated out:
< Only SM degrees of freedom remain: q, g, (H, Z, W*, ...)

= Write down all interactions for these active degrees of freedom that respect the
SM+ Lorentz symmetries: here dim. 6 or higher order

= Need a power-counting scheme to order these infinite # interactions

= Relics of eliminated BSM physics ‘remembered’ by the values of the low-energy
constants (LECs) of the CP-violating contact terms, e.g.

4
@»&@% S

Tel

~1/M?

\/
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CP-violating BSM sources of dimension 6 above EW scale

to the hadronic counterparts below 1 GeV W. Dekens & J. de Vries JHEP 13
150GeV g dy, \/ ur,
| § é N éWi/H&X
| | “a
H H /‘\
! | UR dr
qEDM qCEDM 4gLR gCEDM lq

dp, ur,
10GeV q ; g X X
UR dp
! |
bl ™ : x J & N
< 1G€Vv N N - - d > N

Total # = 1(0_) + 2(qEDM) + 2(qCEDM) + 1(4qLR) + 1(gCEDM) + 2(4q) [+3(semi)+1 (Iept)]
= 1(dim-four) + 8(dim-six) [+3+1] [Caveat: ms > my, my (& m,,>>mg) assumed]
— 5 discriminable classes ' .
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Road map from EDM Measurements to EDM Sources

Experimentalist’s point of view — « Theorist’s point of view

€
d(n) < 2.9 E-26 ecm : =
Neutron, Lattice QCD__| g _>[ quark EDM l—
Proton reduced to d(n) < 1.6 E-26ecm _ @
& d(p) < 2.0 E-25 ecm ¥
] . z -] v Vv
Nuclei: chiral EFT s| § 3 ——)[ quark chromo-EDM }._) )
2H, *H,*He £ S
d(Hg) < 7.4 E-30 ecm H [=)
Diamagnetic S 2 8
S _)[ gluon chromo-EDM }—) x
g g c \ (o]
Hg, Xe, Ra g' T
E
Q
Paramagnetic £ E'
. o four-quark operators E
—> 2 | dT) <9.4E-45ecm g
Tl, Cs £ S
o
= <
© ( a
Molecules: N > " ]—> 2
YbF, Tho, HTE* =TT o L lepton-quark operators 2
enhanced to d(e) < 8.7 E-29 ecm
Leptons: >[ lepton EDM J—>
L N—
muon d(y) < 1.8 E-19 ecm
(adapted from Jordy de Vries, Julich, March 14, 2013)
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EDM Translator

from ‘quarkish/machine’ to ‘hadronic/human’ language?

3-CPO & R2-D2 Dirk VorderstraBBe
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EDM Translator

from ‘quarkish/machine’ to ‘hadronic/human’ language?

3-CPO & R2-D2 Dirk VorderstraBBe

Symmetries (esp. chiral one) plus Goldstone Theorem
- Low-Energy Effective Field Theory with External Sources
i.e. Chiral Perturbation Theory (suitably extended)
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Scalings of CP hadronic vertices — from 6 to BSM sources
5discriminable cases:

Mereghettietal., AP325 ('10);de Vries etal., PRC84('11); Bsaisou et al., EPJA49('13)

9o g o, dh (myA) Ci2(Cs.4)
oF. 1 or | oF, 1+ f = or 1D
I
| 7 70 I 0 el T
o N N . N § //‘\\ X
f-term: o(1) O(Me/my) — O(Mgfmy) — O(MZ/mY) — O(M2/my)
qEDM O(LIEM/4TF) O(O(EM/47T) 0(1) O(QEM/47T) O(OLEM/47T)
qCEDM: o(1) o(1) O(Me/my) — OMZ/m5)  O(M:/m})
4qLR: O(ME/mp) o(1) oM /mYy)  O(Mg/my) — O(M:/m})
gCEDM:  O(M2/mi)*  O(M:/m})" o(1) O(M2 /m}) o)
4q: O(M2/mi)* O(MZ /mi)* o(1) O(M2 /m}) o)

*) Goldstone theorem — relative O(M? /m?) suppression of N interactions
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Calculation: from form factors to EDMs
(F(P)| el (P)) = Tr(P) T*(GP) ur(p) I

H LV F 2 v F 2 F 2
(6P =2 Fi () -0 G, LD g BT g gy FAUT)

Dirac FF Pauli FF  electric dipole FF (,OF{) anapole FF ()75)

2
> df = |lim 7"_3(6])

for s =1/2 fermion
@0 2my

JULICH

Member of the Helmholtz Association Andreas Wirzba SSP2018 | June 15, 2018 Slide 9119 J Forschungszentrum



Calculation: from form factors to EDMs
(F(P)| el (P)) = Tr(P) T*(GP) ur(p) I

H LV F 2 v F 2 F 2
(6P =2 Fi () -0 G, LD g BT g gy FAUT)

Dirac FF Pauli FF  electric dipole FF (,OF{) anapole FF ()75)
for s =1/2 fermion

Nucleus A
0
1@ 1M

in Breit frame

—ds
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0-Term Induced Nucleon EDM

Baluni, PRD (1979); Crewther et al., PLB(1979); ... Pich & de Rafael, NPB(1991); ... Ottnad et al., PLB(2010)

Isospin-conserving 7NN coupling:
0 (mn_mp)strong(.I _62) P

~ (- .107%9 = Mu—My
% 4F < ~ (-15.5+1.9)-107°0 (where e= mu+md)
N dN”zg\’l)ector o (1 8+ 0.3) . 10—16 9_9 cm Bsaisou et al., EPJA 49 (2013), JHEP 03 (2015)

Note also: gf = 8oy mya? +(0.6+1.1)-10730 = (3.4+1.5)- 10734 with the
2 4
- A0 _ (=€) Mp o
3-pion coupling: AY = T6F iy 7M’2(—M2 6+
T

single nucleon EDM:

.= (~0.37+0.09) - 10739

§ isovector
Ve N\ «<
_ isoscalar
g5 /8 known ~ “controlled” “unknown” coefficients
— lattice QCD required Guo & MeiBiner, JHEP 12 (2012)

Unfortunately, all recent lattice results for the 6-induced nEDM are affected by a
mixing of F3(g?) with F2(g?) and compatible with zero M. Abramezyk et al, Phys. Aew D 96 (2017)
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Lattice Parity Mixing of F3 and F, Form Factors

for the 6-induced nEDM results

M. Abramcyk et al., Phys. Rev. D 96 (2018) 014501

6-term induced CP-violating interaction = mixing of F, and F3:

< neutron mass term m - m= e 2 m
— Rotate neutron spinor 1 = &5 u
such that 4 remains the parity operator

F cos(20¢)f-_2 - sin(2a)I:-_3
Fs = sin(2a)Ff; + cos(2a)F3

0.4 . . . Corrections include some assumptions due
Shintani 2016 +&+ to limited information on the parity induced
02| { Alexancérgg Sg]g o rotation in the original calculations.
% Shintani 2005 = Corrected lattice results for F3 are small
00 m = I i and consistent with zero.
enomenolo
L:u 02| 9y } | This holds also for the qCEDM data.
% ‘} {7 So far, reliable lattice data only for the
04 | 8 gEDM case:
(f9EDM GEDM
06 | % Blue: Corrected F; | n lattice ~ (3/5) x dn quark model
Red : Old F o = oY+ 9oy + ook
0.8 | | | 3| g% = -0.211(16), g$ =0.811(31), g.?. = -0.0023(23)
300 350 400 450 500 550 Figure and references:
B. Yoon, T.Bh: h , R.Gi , EPJ Web Conf. 175 (2018);
m, (MeV) Bt Gt Sont ke, SEet s,
Member of the Helmholtz Association Andreas Wirzba SSP2018 | June 15,2018 Slide 11119 J :!yslc‘n!uln-gslzgﬂ



Single Nucleon Versus Nuclear EDM

Baluni, PRD (1979); Crewther et al., PLB(1979); ... Pich & de Rafael, NPB(1991); ...

single nucleon EDM:

5

—~

/ N\

—

“controlled”

L E
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Ottnad et al., PLB(2010)

isovector

~

<

isoscalar
“unknown” coefficients
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Single Nucleon Versus Nuclear EDM

Baluni, PRD (1979); Crewther et al., PLB(1979); ... Pich & de Rafael, NPB(1991); ... Ottnad et al., PLB(2010)

single nucleon EDM:

5

—~

/ N\

—

“controlled”

two nucleon EDM:

L E

|
|
e

controlled
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Sushkov, Flambaum, Khriplovich Sov.Phys. JETP'84
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EDM of the Deuteron at LO: CP-violating = exchange

LIE = —dNT(1 - 7%)S V" NFu — doNT (1 + 73) SH v NF 1y

+ (MyA) g + goNEFN + gy NT g N
+ CN'NDANTSTN) + CoN AN BANTFS N + .

5g,|  LO: M (cP,l) — 0 (Isospin filter!)
NLO: gN'msN (CP.]) - “LO”in D case

('Dy)

[ term [[N°LOXPT [N*LO*xPT [ Awvig | CD-Bonn || units |

; dp 0.939(9) 0.929(8) | 0914 | 0927 | dn

. dp? 0.939(9) 0.929(8) | 0914 | 0927 | dp
R & g1 0.183(17) | 0.188(3) | 0.186 | 0.186 || gjefm
S Af, || -0.748(138)| -0.722(12) | -0.703 | -0.719 || Aefm

Bsaisou et al., JHEP 03 (2015); A.W., Bsaisou, Nogga, [JMP E 26 (2017)

BSM CF sources: g; mNN vertex is of LO in qCEDM and 4qLR case

(ALs. AsFR) = {(0.45,0.5); (0.6, 0.5); (0.55, 0.6); (0.45,0.7); (0.6, 0.7)} GeV
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EDM of the Deuteron at LO: CP-violating = exchange

LIE = —dNT(1 - 7%)S V" NFu — doNT (1 + 73) SH v NF 1y

+ (MyA) g + goNEFN + gy NT g N
+ CNINDANTSTN) + CoNT2N-DANTFS N + -

5g,|  LO: M (cP,l) — 0 (Isospin filter!)
NLO: gN'msN (CP.]) - “LO”in D case

('Dy)

Yamanaka & Hiyama, PRC91 (2015): dI\DI = (1 - gPIiD1 )dN

[ term [[N°LOXPT [ N*LO*xPT [ Awvig | CD-Bonn || units |

; dp 0.939(9) 0.929(8) | 0914 | 0927 | dn ]
. dp? 0.939(9) 0.929(8) | 0914 | 0927 | dp
R & g1 0.183(17) | 0.188(3) | 0.186 | 0.186 || gjefm
S Af, || -0.748(138)| -0.722(12) | 0703 | -0.719 || Aefm

Bsaisou et al., JHEP 03 (2015); A.W., Bsaisou, Nogga, [JMP E 26 (2017)

BSM CF sources: g; NN vertex is of LO in qCEDM and 4qLR case
(A s AgFR) = {(0.45,0.5);(0.6,0.5); (0.55,0.6); (0.45,0.7); (0.6,0.7) } GeV
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3He EDM: results for CP-violating = exchange

— ] § QN'7 7N (GP.T)  giNTmsN (CP.J)
e l—m— S e LO: 0-term, qCEDM LO: qCEDM, 4qLR
go 91 N2LO: 49LR NLO: 6 term
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3He EDM: results for CP-violating = exchange

: GN'7-7N (P, 1)  giN'mN (GP.])
e —m S LO: #-term, qCEDM LO: qCEDM, 4qLR
g 9 N2LO: 4qLR NLO: 6 term
[tem [[ A [[ N?oChPT | Avgg+UIX [ CD-BonnsTM || units
dn SHe 0.904 +0.013 0.875 0.902 dn
SH -0.03040.007 | —0.051 -0.038
o SHe || -0.020+0.006 | -0.050 ~0.037 b
3H 0.918 +0.013 0.902 0.876
A SHe || -0.017£0.006 | -0.015 ~0.019 Aefm
3H ~0.0174£0.006 | —0.015 -0.018
% SHe 0.111+0.013 0.073 0.087 g0 efm
3H ~0.10840.013 | -0.073 -0.085
a1 SHe 0.142£0.019 0.142 0.146 gy efm
SH 0.139 + 0.019 0.142 0.144
Afg, SHe || -0.608+0.142 | —0.556 ~0.586 Aefm
3H —0.598 + 0.141 ~0.564 -0.576
c SHe || -0.042+0.017 | —0.0014 ~0.016 Cq efm—2
SH 0.041+0.016 0.0014 0.016
[ SHe 0.089 +0.022 0.0042 0.033 Cpefm—2
SH -0.087+0.022 | —0.0044 -0.032
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Bsaisou, dissertation, Univ. Bonn (2014); Bsaisou et al., JHEP 03 (2015)
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3He EDM: results for CP-violating = exchange

LIl = —daNT(1-7%)S"V"NFuy - dpNT(1 +75) S* v/ NF,.,,

+ (mNA)TI'ZTI‘:; + goNTﬁ‘ -7N + g1 NT7T3N
+ CiNTND,(NTS*N) + CoNTEN - D, (NT72SHN) + -

tem [[ A [ N’LOChPT | Avyg+UIX | CD-BonnsTM || units

dn SHe 0.904 +0.013 0.875 0.902 dn
SH -0.030£0.007 | —0.051 -0.038

o SHe || -0.020+0.006 | -0.050 ~0.037 b
3H 0.918 +0.013 0.902 0.876

A SHe || -0.017£0.006 | -0.015 ~0.019 Aefm
3H ~0.0174£0.006 | —0.015 -0.018

% SHe 0.111+0.013 0.073 0.087 go efm
3H ~0.10840.013 | —0.073 -0.085

01 SHe 0.142 +0.019 0.142 0.146 g1 efm
SH 0.139 + 0.019 0.142 0.144

Afg, SHe || -0.608+0.142 | —-0.556 ~0.586 Aefm
3H ~0.598 +0.141 ~0.564 -0.576

c SHe || -0.042+0.017 | —0.0014 ~0.016 Cq efm—2
SH 0.041+0.016 0.0014 0.016

[ SHe 0.089 +0.022 0.0042 0.033 Cpefm—2
SH —0.087+0.022 | —0.0044 -0.032

(ALs- AsER) = {(0.45,0.5); (0.6,0.5); (0.55,0.6); (0.
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Discriminating between three scenarios at 1 GeV

Dekens et al. JHEP 07 (2014); Bsaisou et al. JHEP 03 (2015)

The Standard Model +
L = Lsw +0myqivsq
The left-right symmetric model — with two 4-quark operators:
Ligp=-i= [1 A (L_l,q’yHUR)(C_J'L’y”dL) +1 .4(Dnt""yuuR)(BLta~/“dL)] +h.c.

The aligned two-Higgs-doublet model — with the dipole operators:

dy - ady - ~
LaoHm = 7e?d dio’W,’Y5d FHY — Id dio‘u,/y5)\ad G 4 ? fachauu Gﬁch/,J,

— with the hierarchy dy ~ 4dy ~ 20dy

matched on
Coferr = —ONT(1=7°)S"V/NF,y = dpNT(1+73) S vV Ny
+ (mNA)Tr27r3 + goNTfr - 7N + gy NT7F3N
+ CiNTND,(NTS*N) + CoNTEN - D, (NT2SHN) + -
9 JULICH
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Discriminating between three scenarios at 1 GeV

Dekens et al. JHEP 07 (2014); Bsaisou et al. JHEP 03 (2015)

The Standard Model + @
L3 = Lsw +0myqivsq
The left-right symmetric model — with two 4-quark operators:

Lip=-1Z[1.1(UrvuUR) (A" dL) + 1.4(Urty,Ug) (d t?y*d,)] + h.c.

The aligned two-Higgs-doublet model — with the dipole operators:

dy - dy - d -
Laphm = —e?d dio,ysd F* - 7" dio,,ys\3d G + ?W e lidc eid

— with the hierarchy dy ~ 4dy ~ 200y

matched on
% § X
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Testing strategies: SM + 6

Dekens et al. JHEP 07 (2014); Bsaisou et al. JHEP 03 (2015)

Measurement of the helion
and neutron EDMs

9 JULICH
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Testing strategies: SM + 6

Dekens et al. JHEP 07 (2014); Bsaisou et al. JHEP 03 (2015)

Measurement of the helion
and neutron EDMs

& dayyg - 0.90 = =6 (1.01 £0.31p,q £0.297,,) - 10 % ecm

Extraction of §

*includes +0.20 uncertainty from 2N contact terms
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Testing strategies: SM + 6

Dekens et al. JHEP 07 (2014); Bsaisou et al. JHEP 03 (2015)

Measurement of the helion
and neutron EDMs

& dayy — 0.9y = —6 (1.01 £ 0.31},,q £0.297,,,) - 10 ®ecm
Extraction of §
dp —0.94(dn + dp) = 0(0.89+0.29,,4q +0.08,14c1) - 10-"%ecm

Prediction for dp — 0.94(d,+dp)

(& triton EDM): ay ! » ~gu! w § gl

*includes +0.20 uncertainty from 2N contact terms
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Testing strategies: SM + 6

Dekens et al. JHEP 07 (2014); Bsaisou et al. JHEP 03 (2015)

Measurement of the helion
and neutron EDMs

& dayy — 0.9y = —6 (1.01 £ 0.31},,q £0.297,,,) - 10 ®ecm
Extraction of §
dp —0.94(dn + dp) = 0(0.89+0.29,,4q +0.08,14c1) - 10-"%ecm

Prediction for dp — 0.94(d,+dp)

(& triton EDM): du! ~ —dfiucl 1 gfiucl

strong 1
MQ (“1652)10-%0

% = ,4Fre,

t
i N 8oy (M2 4 —M )srong - my-mg
969 ~ (mp— mp)strong ) = myrmy

6l/gh ~ 02

*includes +0.20 uncertainty from 2N contact terms
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Testing strategies: minimal LR symmetric Model

Dekens et al. JHEP 07 (2014); Bsaisou et al. JHEP 03 (2015)

Measurement of the deuteron
and nucleon EDMs

9 JULICH
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Testing strategies: minimal LR symmetric Model

Dekens et al. JHEP 07 (2014); Bsaisou et al. JHEP 03 (2015)

Measurement of the deuteron
and nucleon EDMs

Q dp —0.94(dr+dp) =~ dp = —(2.1£0.5")AFefm

Extraction of A7

*includes +0.1 uncertainty from 2N contact terms
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Testing strategies: minimal LR symmetric Model

Dekens et al. JHEP 07 (2014); Bsaisou et al. JHEP 03 (2015)
Measurement of the deuteron
and nucleon EDMs

Q dp —0.94(dr+dp) =~ dp = —(2.1£0.5")AFefm

Extraction of A7

/ dayy, - 0.90n = dy,,, = —(1.7 £0.5")AtRefm

Prediction for the helion EDM
(& triton EDM): dp ~ daye ~ day

*includes +0.1 uncertainty from 2N contact terms
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Testing strategies: minimal LR symmetric Model

Dekens et al. JHEP 07 (2014); Bsaisou et al. JHEP 03 (2015)

Measurement of the deuteron
and nucleon EDMs

Q dp —0.94(dr+dp) =~ dp = —(2.1£0.5")AFefm
Extraction of AR

/ day. —0.9dn = da,,, = —(1.7 £0.5") A Fefm

Prediction for the helion EDM
(& triton EDM): dp ~ daye ~ day

8cimy ALF (-7.5+2.3)AA,

o str
{mn mﬂ;’% "N ALR = (0.12 +0.02)ALR

LR
91

o =
-gtR/1gsf > 1 ()

*includes +0.1 uncertainty from 2N contact terms
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Testing strategies: alighed 2-Higgs Doublet Model

Dekens et al. JHEP 07 (2014); Bsaisou et al. JHEP 03 (2015)

Measurement of the deuteron
and nucleon EDMs
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Member of the Helmholtz Association Andreas Wirzba SSP2018 | June 15, 2018 Slide 18119 J Forschungszentrum



Testing strategies: aligned 2-Higgs Doublet Model

Dekens et al. JHEP 07 (2014); Bsaisou et al. JHEP 03 (2015)

Measurement of the deuteron
and nucleon EDMs

K db - 0.94(dy+dy) = [(0.18+0.02)g; — (0.75+0.14) A]efm

Extraction of g5 (including A correction)
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Testing strategies: aligned 2-Higgs Doublet Model

Dekens et al. JHEP 07 (2014); Bsaisou et al. JHEP 03 (2015)
Measurement of the deuteron
and nucleon EDMs
K‘ dp - 0.94(dr+dp) = [(0.18+£0.02)gs - (0.75+0.14) A]efm
eff

Extraction of g (including A correction)

+ Measurement of ds, (0r dsy )
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Testing strategies: aligned 2-Higgs Doublet Model

Dekens et al. JHEP 07 (2014); Bsaisou et al. JHEP 03 (2015)
Measurement of the deuteron
and nucleon EDMs

K‘ db - 0.94(dy+dy) = [(0.18+0.02)g; — (0.75+0.14) A]efm

Extraction of gi™ (including A correction)

+ Measurement of ds, (0r dsy )

day, —0.90h
=[(0.11£0.02")go+(0.14+0.02") g; - (0.61 + 0.14) A]efm

Extraction of go

*includes +0.01 uncertainty from 2N contact terms
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Testing strategies: aligned 2-Higgs Doublet Model

Dekens et al. JHEP 07 (2014); Bsaisou et al. JHEP 03 (2015)
Measurement of the deuteron
and nucleon EDMs

K‘ db - 0.94(dy+dy) = [(0.18+0.02)g; — (0.75+0.14) A]efm

Extraction of gi™ (including A correction)

+ Measurement of ds, (0r dsy )

day, —0.90h
=[(0.11£0.02")go+(0.14+0.02") g; - (0.61 + 0.14) A]efm

SR Gl — Prediction of dsy, (or day,)

*includes +0.01 uncertainty from 2N contact terms

9 JULICH

Member of the Helmholtz Association Andreas Wirzba SSP2018 | June 15, 2018 Slide 18119 Forschungszentrum



Summary

D EDM might distinguish between ¢ and other scenarios and
allows extraction of the g coupling constant via dp — 0.94(d,+dp).
(The prefactor of (dn+dp) stands for a 4% probability of the 3Dy state.)

= ®He (or *H) EDM necessary for a proper test of # and LR scenarios:
= Deuteron & helion work as complementary isospin filters of EDMs

= 2N contact terms cannot be neglected for nuclei beyond D

m a2HDM case: 3He and ®*H EDMs would be needed for a proper test
= pure qCEDM: similar to a2HDM scenario

= pure qEDM: dp = 0.94(d, + dp) and daye sy = 0.9dy

m gCEDM, 4quark x singlet: controlled calculation difficult (lattice ?)

= Ultimate progress may eventually come from Lattice QCD
— GP Nr couplings go & gi may be accessible even for dim-6 case
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