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Motivations and Introduction

A permanent Electric Dipole Moment (EDM) of a particle with spin
e signal of T and P violation
e signal 7 violation in the flavor diagonal sector

o relatively insensitive to the CKM phase

Standard Model: Current bounds:
e neutron |d,| < 2.9 x 103 ¢ fm

S RN UltraCold Neutron Experiment @ ILL
n b n i ! L C. A. Baker et al., ‘06

e proton |d,| < 7.9 x 10712 ¢ fm

dy ~ 107 ¢ fm . .
199Hg EDM @ Univ. of Washington

for review: M. Pospelov and A. Ritz, ‘05 W. C. Griffith et al., ‘09



Motivations and Introduction

A permanent Electric Dipole Moment (EDM) of a particle with spin
e signal of T and P violation
e signal 7 violation in the flavor diagonal sector

o relatively insensitive to the CKM phase

Standard Model: Current bounds:
e neutron |d,| < 2.9 x 103 ¢ fm

. RN UltraCold Neutron Experiment @ ILL
r VR C. A. Baker et al., ‘06
e proton |d,| < 7.9 x 10712 ¢ fm
dy ~ 1071 ¢ fm 199 . .
Hg EDM @ Univ. of Washington
for review: M. Pospelov and A. Ritz, ‘05 W. C. Griffith et al., ‘09

Large window for new physics and intense experimental activity!

nEDM @ PSI, SNS o pushdy to ~ 10~14 — 10~15 ¢ fm
pEDM, dEDM @ BNL, COSY e direct observation of dp, dg at ~ 10716 ¢ fm



Motivations and Introduction

Can a measurement of nucleon or deuteron EDM pinpoint
the microscopic mechanism(s) that generates it?

a. high energy: modelling beyond SM physics leave it to model builders
Y. Li talk in EDM session

b. low energy: hadronic or nuclear matrix element non perturbative QCD problem

Strategy: Chiral symmetry of QCD & low energy Effective Field Theories

different properties under SUL(2) x SUr(2)

I

different relations between low-energy TV observables




Motivations and Introduction

Can a measurement of nucleon or deuteron EDM pinpoint
the microscopic mechanism(s) that generates it?

a. high energy: modelling beyond SM physics leave it to model builders
Y. Li talk in EDM session

b. low energy: hadronic or nuclear matrix element non perturbative QCD problem

Strategy: Chiral symmetry of QCD & low energy Effective Field Theories

e integrate out all the heavy fields

@
L=_Locp+Lyr=Loco+ D — =507 0 (A, Gpuyu,d)
n M T
e construct hadronic operators with same chiral properties as Oy ,
e organize operators in a systematic expansion in mx /Mocp
e hide non perturbative ignorance in (hopefully few) unknown coefficients

e Jook for qualitatively different low energy effects of various TV sources



The QCD Theta Term

2
Ly = —eéiewaﬂTrGuuGa@ — qrMqr — LM gR,
_ 1—¢ 0 m = (my, +my)/2
M = me®
me ( 0 1+¢ > e = (mg —my)/(mg + my)

e 0,0 # Obreak Pand T
e M # 0 explicitly breaks chiral symmetry



The QCD Theta Term

2
Ly = —eéiswaﬂnc;wc;aﬁ — GrMqr, — GLM* g,
_ 1—¢ 0 m = (my, +my)/2
M = me
me ( 0 1+¢ > e = (mg —my)/(mg + my)

e 0,0 # Obreak Pand T
e M # 0 explicitly breaks chiral symmetry

e climinate 6 with (anomalous) SU4 (2) X U4(1) axial rotation
Ly = —mr(0)gq+ emr= (0) grsg + m, sinfr~1(8)igy’°q,
with

0=2p—0, m*zizg(l—ez)



The QCD Theta Term

2
Ly = —eéiswaﬂnc;wc;aﬁ — GrMqr, — GLM* g,
_ 1—¢ 0 m = (my, +my)/2
M = me
me ( 0 1+¢ > e = (mg —my)/(mg + my)

0, # 0break Pand T
M # 0 explicitly breaks chiral symmetry

eliminate 6 with (anomalous) SU4(2) x U, (1) axial rotation

L4 = —mr(0) Sy +emr~1 () P3 + my sin@r=1(6) Py,

6 and m break chiral symmetry in a very specific way

s= (7T (1)
qq iqgv’°q

e SO(4) vector e SO(4) vector



Dimension 6 TV sources

1. quark EDM (qEDM) and chromo-EDM (qCEDM)

1_. _. -~ =
Lo, qqov = ) qgio""y’ (do + dss) qFuw — B gy’ (do + d37'3) Nq Gy,
2. gluon chromo-EDM (gCEDM)
Adw _abe .
Lo, gge = ?fabcawaﬁcfxﬁcsz;p
3. TV Chiral-Invariant (CI) 4-quark operators

1 . _ _ .
Loquqg = ZImZ) (qqusq—q‘rq -qﬂ'wsq) T

Buchmuller & Wyler ‘86, Weinberg ‘89, de Rujula er al. ‘91, . ..



Dimension 6 TV sources

1. quark EDM (qEDM) and chromo-EDM (qCEDM)

1 1 - -
L, qqov = -5 Z]ia‘“"ys (do + d373) g Fuw — 3 ?]io"“"yj (d() + d;ﬁ) g G‘;“,

4™ and 3" components of SO(4) vectors
2. gluon chromo-EDM (gCEDM)

d . .
Lo 0 = %fabcawaﬁczﬁGZPG;p
3. TV Chiral-Invariant (CI) 4-quark operators chiral invariant
L = 1ImZ Gqain g — grg - gTinvg) +
69999 T 4 1\4999v7° 4 — 479 4TIV q e



Dimension 6 TV sources

1. quark EDM (qEDM) and chromo-EDM (qCEDM)

1 1 -
L, qqov = -5 Gio"~y (do + d37m3) g Fu — 3 gioch~? (d() + (,/;T;) X'q G,

4™ gnd 3" components of SO(4) vectors
2. gluon chromo-EDM (gCEDM)

d w

Lo 0 = ?fabcawaﬁcfxﬁcszip
3. TV Chiral-Invariant (CI) 4-quark operators chiral invariant
! o5 = _ .5
L6, g9 = ZImZI (qqu q—qTq - qTiy q) + ...

e coefficients:

d=0(es=), G=0(4rs2 ), d=0(dr—), m=0[0n*Z
MT MT MT MT

e dimensionless factor §, S5 , wand o depend on details of TV mechanism



The T-Violating Chiral Lagrangian

e spontaneous breaking of SUy(2) x SUg(2)

= separation of scales: Q, my < Mocp ~ 27Fr,my
expansion of Lgpr & amplitudes in O/Mocp



The T-Violating Chiral Lagrangian
e spontaneous breaking of SU;(2) x SUr(2)

= separation of scales: Q, my < Mocp ~ 27Fr,my
expansion of Lgpr & amplitudes in O/Mocp

TV Ingredients:

e pion-nucleon TV interactions

80 + 81 _ + 8 =
_____ Ly g =—"-Nmw-TN— =—m3 NN — ==m3 NT3N
7,f=2 P . 3 F. 3NT3
e nucleon-nucleon TV interactions
>< Lyry = CINNOL(NS'N)+ CoNTN - Dyu(NTSHN)

e nucleon-photon TV interactions

Ly p—2 = 2N (Do + Dy73) S*V/NF 11,



Discussion

pion-nucleon | photon-nucleon | nucleon-nucleon
x Q? x F2Q
0 term, 2 2 2 2
qCEDM ! Q" /Myep Q*/Mpep
¢CEDM
4-quark ! ! !
gEDM Qem /T Q? /MéCD temQ? /wMéCD

e chiral-breaking sources

TV 7-N couplings have lowest chiral index

1. pion loops and short-range EDM operators
equally important for nucleon EDM

2. pion-exchange dominate EDMs of light
nuclei

...unless selection rules!



Discussion

pion-nucleon | photon-nucleon | nucleon-nucleon
x x F2Q
% term, 2 2 2 2
4CEDM ! 0°/Mpcp 0% /M
¢CEDM | | |
4-quark
gEDM Qem /T Q? /MéCD temQ? /wMéCD

e chiral-breaking sources

TV 7-N couplings have lowest chiral index

e chiral-invariant sources

same chiral index for all interactions

1. short-range EDM operators dominate
nucleon EDM

. one-body effects & pion-exchange at the

(3

same level in light nuclei




Discussion

pion-nucleon | photon-nucleon | nucleon-nucleon
x x F2Q
% term, 2 2 2 2
4CEDM ! 0°/Mpcp 0% /M
¢CEDM
4-quark ! ! !
qEDM Qem /T 0*/Mpepy aemQ* /My,

e chiral-breaking sources

TV 7-N couplings have lowest chiral index

e chiral-invariant sources

same chiral index for all interactions

o gEDM

long-distance suppressed by aem

1. nucleon and nuclei EDMs dominated by

TV currents




Discussion

80 81 &
6 term LO 0 = —
N’LO || Om /M, | Oem /My —
qCEDM LO é 8 —
N2LO 5m3r/MéCD 5m$r/MéCD 6m3r/MéCD
TV CI LO w w
6 term
e only isoscalar gy at LO
e isovector g; suppressed by mf, / Mécr) important for dEDM!

qCEDM
e go and g; equally important
TV CI sources

e 21 and g¢ equally important

e ... but more derivative & short-distance effects equally relevant



Nucleon EDM. Theta Term & qCEDM

Hila) =2 g —5-a") (F(@) +mF (@), Fila) = Di - Sia® + Hi(?)
Theta Term

e F purely short-distance physics. No momentum dependence
D=0, sy=o.

e F sensitive to short-distance & charged pions in loop  only g contributes!

_ 5 2 2 5 1
Dy D) 8% _mx [ ea) o egado 1
L=t e GaEay 12 ' (2nFR )2 6m2

qCEDM

e g irrelevant
e power counting relations between go, Do,1 same as for Theta Term,

Theta Term and qCEDM give identical nucleon EDFF

true to NLO



Nucleon EDM and EDFFE. qEDM & TV CI sources

o EDFF purely short-distance & momentum independent at LO

e isoscalar ~

Fo(@®) =D =D,  $)=0
e isovector _

Fi(¢®) =D, =D, s =o.



Nucleon EDM and EDFFE. qEDM & TV CI sources

EDFF purely short-distance & momentum independent at LO
EDFF acquires momentum dependence at NNLO

e purely short distance for gEDM
e with long distance component for TV CI
sources
isoscalar
Dy = D" + D", sy =5,
isovector
D, =D + D", 5 =5



Nucleon EDM and EDFF. Sum up

Source 0 qCEDM qEDM TV CI
) - 2 7
MQCD d,,/e (@) (9”%"(;3) @) (5%) (@) (52—"2;) @) (WMA?,%;D)
dy/dy O (1) o0(1) o(1) O(1)
2 2
2 ¢/ my my
ms.S' /dy O (1) O (1) @ Mo e
2
2 ¢/ my My mo me
m2Syld | O e ) of e ) e e

e measurement of d;, and d), can be fitted by any source.

No signal @ PSI, SNS:

6 <1012,

S
%

)

M

< (10° Tev) 2,

2
7

S’1 come at the same order as D;
e S) suppressed by m /Mgcp with respect to D;
o scale for momentum variation of EDFF set by m

S 0 suppressed by m?2 /MéCD with respect to D;

w

w2
T

< (5-10° Tev) 2

Theta Term & qCEDM

qEDM & TV CI



Deuteron EDM and MQM

Spin 1 particle
Hy = —2d,D'S -ED — —DJTD,-V("B-")

e One-body o TV wavefunction e TV currents

Perturbative pion EFT

e expansion in powers of Q/Mocp

o and v/Myy v = +v/myB ~ 45 MeV deuteron binding momentum
Myy = 47F% /my ~ 350 MeV  nuclear scale

e v only relevant deuteron parameter at LO



One-body

e only sensitive to isoscalar nucleon EDM

Fo(q?) = 2D0— arctan (‘q|) — 2D, (1 -

e sensitive to isobreaking g;

FD(qz):—ge@%i 1—-0.45
3 mZ 4AwF2 (1+42€)2

e relative size different for different sources!

Deuteron EDM

TV corrections to wavefunction

()
W) e



Deuteron EDM. qCEDM

qCEDM: chiral breaking & isospin breaking

(@)

(b)

2 gagy mymg 1+
dg = 2Dy — S48 I ¢

37 mZ 4AmFZ (1 +26)?
o 5 mk o 5 Mocpmn
M2 M M2 Mwn
7 Mocp 7 NN
e 2 leading interaction

deuteron EDM enhanced w.r.t. nucleon!

2
dg N Mpcp
dy mq My

e Dg suppressed by two powers of Mpcp ~ 10



Deuteron EDM. Theta Term & TV CI Sources

Theta term: chiral breaking & isospin symmetric g1 suppressed!
TV CI Sources: chiral invariant Dy enhanced!

(a)

dy = 2Dp — ge‘g'"\‘?l mymy 14 &
3 mZ 4AnF2 (14 2€)2

2
~ ms Mg
O<0, )
/WQ("[) M,\w

)

e gy & Dy appear at the same level in the Lagrangian
o dEDM well approximated by d,, + d,



Deuteron EDM. gEDM

gqEDM: 7 — N coupling suppressed by cem

(@)

2 g 1
dy =2Dy — 7{3&451 mNm271' +¢£ .
32 anFL (1+26)

o iz m%
M/ MQCD

o dEDM well approximated by d,, + d,




Deuteron EDM. Summary

Source 0 qCEDM qEDM TV CI
Mocpdafe | O (-2 AN AN
QCD ¢d My M]ZNMZI sz sz
M
dg/dy o) o (ﬁQAjf’J o) o(1)

o deuteron EDM signal can be fitted by any source
e deuteron EDM well approximated by d,, + d, for 0, qEDM and TV CI sources
e only for qCEDM, dy > d,, + dp

qCEDM

e deuteron EDM experiment more sensitive than neutron & proton EDM

6
dg $10710 efm — A < (3-10°Tev) 2
T

e nucleon and deuteron EDM qualitatively pinpoint qCEDM.



Deuteron MQM. Chiral Breaking Sources

Corrections to wavefunction

1+
(142¢)%’

8480 mymy

mgMg = —
m% 2mF2

[+ k) + £ )

qCEDM
e 2o and g; equally important
o dEDM and dMQM comparable

mgMy
2d,

.
=(1+m>+—;"<1+no>
1

ratio independent of deuteron details!



Deuteron MQM. Chiral Breaking Sources

Corrections to wavefunction

1+¢
(1+26)%

mymy

mgMy = 26@

1+ &
mZ 2mF2 ( 0)

Theta Term
e only g( contributes
o dMQM bigger than dEDM

‘md./\/ld

2 14+¢ [my\?
=ZQ — = () <12
dy 3( + ko) ( ) =

(1+28) \mx

using largest non-analytic contribution to Dy to estimate d.



Deuteron MQM. gEDM & TV CI Sources

Corrections to wavefunction + TV currents

©

(d)

e new two-body low-energy constants
loss of predictive power!

e for both sources myMy < dy

no useful new info from observation of AMQM



Deuteron EDM & MQM. Summary

Source 0 qCEDM qEDM TV CI
Mocpdgfe | © (62 o5 o (sm) o (wee

ocp daje My MNNMZT MZT w MZT

2
dg/d, O (1) o ( MQA;D) o (1) o(1)
maxMyy
M2, "

maMgldy | O (W%’N) o (1) o (MT"N) o(1)

qCEDM

e deuteron EDM experiment more sensitive than neutron & proton EDM
—16 S 4 -2
dyg S 10 efm:>W§(3-10 TeV)
T
e nucleon and deuteron EDM qualitatively pinpoint qCEDM.

e gquantitatively = need for deuteron MQM and nucleon EDFF momentum dependence

.
=(1+r)+ ?(1 + ko)
1

mg My
24,

prediction! if gg extracted from nucleon EDFF, g; from deuteron EDM.
Explore 3He EDM for extraction of go!



Deuteron EDM & MQM. Summary

Source 0 qCEDM qEDM TV CI
7y s mxMpcp e Mpcp
Mocpdg/e 0(0%) O(EW @) :SM—ZT O(w "
M,
da/dn o) o(ﬁ o) o)
M3,
maMaldy | O (7”’70‘;3\‘) o) 0 (=) o)
Theta Term
e Nucleon EDM and deuteron MQM qualitatively pinpoint Theta Term
e quantitatively = one more observable!
nucleon EDFF momentum dependence
*He EDM

qEDM & TV CI Sources
e no relevant new info from deuteron EDM and MQM
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o dimension 6

L, gge =

Ls,qqov =

56, 9999

Dimension 6 TV sources

e no dimension 5 operator with quarks/gluons

dw . b
—6 £ C€”UQﬁGgBGHPG£p

1 ~ [} 1 ~ ©
777]1‘0’“”1 u)\a; MR(;Z.V — 7?]1‘0"“}] d)\aiv dRG'LV

V2 V2
[ @
7%(]1‘0“” (FI%BHV + FMWT : W,uu) ; UR + ...

21 (Z{iuR) EJK (qde) + Zg (qi)\auR) EJK (qllf)\adR) +hC

Buchmuller & Wyler ‘86, Weinberg ‘89, de Rujula er al. ‘91, . ..



L, gge =

Ls,qqov =

L6, 9009 =

o dimension 6

Dimension 6 TV sources

e no dimension 5 operator with quarks/gluons

Adw ap, b
P G e

1 _ — P 1 N )
G oMM E G — o_u.ul—\d)\aid G4
\/qu N RY v \/E‘IL N RG Ly
1 ~
7%‘7]“7“” (TgBuw + T T - W) % ug + ...

21 (7lur) esx (@Fdr) + Zs (@ X"ur) esx (75 X\dr) + hec.

Buchmuller & Wyler ‘86, Weinberg ‘89, de Rujula er al. ‘91, . ..

e I"and ¥ complex-valued matrices in flavor space

= < >\u
dy =0 <47FA;V2> T =0 <4w5u,dVM2’d> S =0 <(47r)2;4‘f>
7 7 7




Dimension 6 TV sources

1. spontaneous symmetry breaking: ¢ = % ( S )

2. integrate out heavy stuff (c, b, 1, W, Z, Higgs)

e gluon chromo-EDM (gCEDM)
L _ dw abc _pvaf ~a b cp
6,808 = ?f 5 Ga3GL,Gy
e quark EDM (qEDM) and chromo-EDM (qCEDM)
L = Lo (do + d F L iohvs (do + dsms ) Mg G
Qcb 6,qq<pv—75qlo' Y (0+ 37-3)q /,Lufiqla v o+ d3T3 960
e TV Chiral Invariant (CI) 4-quark operators

1 _o _ _ .
Lo, q999 = Zlmzl (qqql'ysq —4q7q - qT"YSq) +...




Chiral properties of dimension 6 sources

1. qCEDM & qEDM
Logov = —doVa+d3 W3 — doVy + ds W,
e V,WandV, W SO(4) vectors
2. gCEDM & TV 4-quark operators
(1) (8)
Lggg + Laqqq = dwly +1ImEy Iy, +TmXg [y

o Iy, 1‘2), 1;2) chiral invariant

n - <
o0 <e§2> , do3z = O <4m52> ,
My My
w , O
o <47le§> 5 21,8 =0 <(47‘(‘) ]l/[/%_)

e dimensionless factor §, S, w and o depend on details of TV mechanism

Coefficients

do 3

dy



Dimension 6 TV sources

m ~ ~m
@] <e(52> , dp3 =0 (47r52> s
My My
w , O
O <47T1W§,> 5 21,8 = O ((471‘) [W;,)

e dimensionless factor §, S5 , wand o depend on details of TV mechanism

do3

dw

1. Naturalness

§=0(1), S:o(%‘r), w:o((fj)s), o=0()

2. Standard Model

° MT = My
5~ Jon m(2A " a Jop m2m2m?
M%V (4m)3 Ma,

M. Pospelov and A. Ritz, Ann. Phys. 318, 119 (2005)

e suppressed by extra powers of My !



Dimension 6 TV sources

3. MSSM

o My =im~TeV

e gluino contribution (under various simplifying assumptions)

5o 8 oslm)y Xy 5o A lm) X, L& as(m) X

dn 4n  m 35 4r o@m (4n)3 4m @

T. Ibrahim and P. Nath, Rev. Mod. Phys. 80, 577 (2008)

suppressed by o (/)

e o not studied much. In most models, extra mg /M 1 suppression.

Factors 8, 5, w, &

e make it difficult to compare different dim. 6 sources in a way independent of new physics
model

o for each source, chiral expansion allows to study relative contributions to different TV
observables



Electromagnetic and TV operators

chiral properties of (P3 + P4) ® (I + T34)
lowest chiral order A = 3
P3+ Py

o _ e ] [zﬂ +p (1 _

U

;E)‘ :!\)

(P34 P4) @ T3

®) _ .0 5 2 2ms
£}<1f—2 em = 3 emN [7”—Dﬂ' t—p (t3 - == t)} (SHVY — SYvM)NeF
-+ tensor

isoscalar and isovector EDM related to pion photo-production.



Electromagnetic and TV operators

At the same order Sy ® (1 + T34)
° Sy

2 _
;(3,))‘ 2em cé?gm (_F D) N7 -t (SHvY — SYVW)NeF .
™

27
ﬁ;?,)/”:Z,em éi)mﬁN (S¥vY — SYvH) N eF ., + tensor

e same chiral properties as partners of TV operator

3 3

1, em 6 em

® L0

and L3 em 8,em

e pion-photoproduction constrains only ¢
(3) (3)

1,em and C3, em

e but TV only depends on ¢

no T-conserving observable constrains short distance contrib. to nucleon EDM

e true only in SU(2) x SU(2)
o larger symmetry of SU(3) x SU(3) leaves question open



Deuteron EDM and MQM. KSW Power Counting

T-even sector
3 ) ) C3S1 ) 1
Limy = —C (N’}D’AI)TN’P’J\H-ZT [(N’P,-N)TN’DZP,-N + h.c.} 4o, P=——aam

V8

e enhance Cj to account for unnaturaly large scattering lengths. In PDS scheme

3 4
c;&:@(i) p~Q

my [

e iterate Cy at all orders

XX A

Co Co ™2 ¢, Co % Co



Deuteron EDM and MQM. KSW Power Counting

T-even sector
3 ) ) C3S1 ) 1
Limy = —C (N’P’N)TN’P'NJrzT [(N’P,-N)TN’DZP,-N + h.c.} 4o, P=——aam

V8

e enhance Cj to account for unnaturaly large scattering lengths. In PDS scheme
35 47
e
my [

e iterate Cy at all orders

e operators which connect S-waves get enhanced C Si=0o A %
myMyy

XX X

0 myQ my
Coriny Cogny i Co Corimy (WCO



Deuteron EDM and MQM. KSW Power Counting

e treat pion exchange as a perturbation

2 2 2 2
gamnQ gamnQ myQ gamnQ ((myQ
Co 47rF%_ Co 4‘rrF3\_ 4 Co Co 47rF3\_ 47 Co

o identify Myy = 47F2 /my ~ 300 MeV.

Perturbative pion approach:

e expansion in Q/Myy, with Q € {|q|, m~,y = V/mnB}
o competing with the m- /Mgcp of ChPT Lagrangian

o successful for deuteron properties at low energies
Kaplan, Savage and Wise, Phys. Rev. C 59, 617 (1999);

e problems in 3S; scattering lenghts,
ptb. series does not converge for Q ~ m

Fleming, Mehen, and Stewart, Nucl. Phys. A 677, 313 (2000);



Deuteron EDM and MQM. KSW Power Counting

e treat pion exchange as a perturbation

_ R I E—
2 2 2
S 84 8amN@
F2. F2 AmFZ

o identify Myy = 47F2 /my ~ 300 MeV.

Perturbative pion approach:

e expansion in Q/Myy, with Q € {|q|, m~,y = /mnB}
o competing with the m- /Mgcp of ChPT Lagrangian

o successful for deuteron properties at low energies
Kaplan, Savage and Wise, Phys. Rev. C 59, 617 (1999);

e problems in 3S; scattering lenghts,
ptb. series does not converge for Q ~ m

Fleming, Mehen, and Stewart, Nucl. Phys. A 677, 313 (2000);



Deuteron EDM and MQM. KSW Power Counting

T-odd sector

a. four-nucleon T-odd operators

Lyjeg=CiyNS-(D+DNNN+C,yNTS-(D+DHN -NTN.

e in the PDS scheme

1. Theta 2. qCEDM 3. qEDM 4. gCEDM
2 2
4T p mz 4r T mn 4w
Gt my? MocoMZy, pmy & M Mocp 0 pmy 3%, My

b. four-nucleon T-odd currents

Ly emy=4 = C1, 1, emN(S*V — SYVF)NNNF ;.

e in the PDS scheme
1. Theta 2. qCEDM 3. qEDM 4. ¢CEDM
2

i g my 4m 5 mk 4z mk dm g
w2my” MocpMzy n2my MZTMQCD wrmy MZTMQCD n2my MZT

Ci 7 em



Deuteron EDM. Formalism

S S \y N

@@@)@@Q

. 3
o crossed blob: insertion of interpolating field D'(x) = N (x)PiSIN (%)
e two-point and three-point Green’s functions expressed in terms of irreducible function
3
irreducible: do not contain COS'
e by LSZ formula
Il (EE,q)
J =i |t
W i) [ SEE |
EE'=—B
e two-point function
¥y
dE

2
;M

E=—B B 8my
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