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Goals

* Provide the framework for interpreting
EDM measurements

* Introduce terminology

* Discuss illustrative phenomenology &
cosmological implications
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Dimension Six Operators

 What are they ?
» Where do they come from ?

* How do they appear in hadronic,
nuclear, and atomic systems ?

* How well can we match them onto
physics of many-body and non-
perturbative systems ?

 What are present & prospective
experimental constraints ?



Dimension Six Operators: |

* What are they ?
» Where do they come from ?

* How do they appear in hadronic,
nuclear, and atomic systems ?

* How well can we match them onto
physics of many-body and non-
perturbative systems ?

 What are present & prospective
experimental constraints ?



Operator Classification

Pure Gauge Gauge-Higgs Gauge-Higegs-Fermion
fABCGRGEGS | Que | PleGAGH™ || Quo | Qe TAu)FGY,
glJK H"ﬁ” w.Je l"i-"’; Cu Q?ﬁ, ol If’i"ji,ﬂ-"f ol Quae | (Qor*TAd)p G f}i,
Qup | P BuB” || Quw | (Forpriaw),

Qupﬁ"ﬁ ‘Pi Tftp Iﬂl’.ﬁuBPu Qfﬂ (FUF” f){I) BF”




Operator Classification

Pure Gauge Gauge-Higgs Gauge-Higegs-Fermion
(@c | rregpamai || ae | dle@rar || Qu | @mTiuza,
Qw | VKW WIewEe | Q i | el WILWI || Qu | (Qo#TAd)p G4,
Q.5 | ¢eBuB™ | Quw | (Forf)r'@w],

Qg | P T WhLB™ || Qs | (Fo™ )@ By,

Weinberg 3 gluon




Operator Classification
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Operator Classification

Semileptonic: atomic &
molecular EDMs



Operator Classification

Nonleptonic: hadronic
EDMs & Schiff moment






Operator Classification
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Nonleptonic: hadronic EDMs & Schiff moment



Wilson Coefficients: EDM & CEDM
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Wilson Coefficients: Summary

C

quqd

Clequ, ledq

C

oud

fermion EDM (3)
quark CEDM (2)
3 gluon (1)
non-leptonic (2)
semi-leptonic (3)
induced 4f (1)

12 total + 6

light flavors only (e,u,d)
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BSM Origins

O MSSM, RS, LRSM 1 & 2 loop
5, MSSM, RS, LRSM 1 & 2 loop
C3s MSSM 2 loop

Couqd (MSSM d=8)

Clequ, ledq (MSSM d=8)

Coud LRSM tree (0, )

12 total + 6 light flavors only (e,u,d)
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Low Scale Observables
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Low Scale Observables
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Low Scale Observables

LY = —2N (do+di73) SuN v, F*
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Nonleptonic: hadronic EDMs, Schiff moment (atomic EDMSs)
















Nuclear Schiff Moment

Schiff Screening

g s i

Atomic effect from
nuclear finite size:
Schiff moment

Nuclear Schiff Moment

va/ d’x x* % p(x)Y

Nuclear EDM: Screened in atoms

doye ~ / d’x X p(%)Y
A

EDMs of diamagnetic atoms ( "°Hg )




cey = %{Eﬁfﬁ,e N [C’_.F;“} + Gé-l}‘]";;] N

+ 8206 v’ N [cg?? T c}‘}ﬁl e N} L.




EDMs: Complementary Searches

Improvements
; 2to 103
Electron |:f of 10
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Dimension Six Operators: IV

 What are they ?
» Where do they come from ?

* How do they appear in hadronic,
nuclear, and atomic systems ?

* How well can we match them onto
physics of many-body and non-
perturbative systems ? Not this talk

 What are present & prospective
experimental constraints ?



Dimension Six Operators: V

 What are they ?
» Where do they come from ?

* How do they appear in hadronic,
nuclear, and atomic systems ?

* How well can we match them onto
physics of many-body and non-
perturbative systems ?

* What are present & prospective
experimental constraints ?



Generic Implications

In units of ecm, selected EDM limits are:

Particle | EDM limit Svystem SM Prediction | New Physics
e 10.5x 108 [ YbF 10-9° =
T T1<10 0 | restirame E 70 o9 0 22
T 3.1x10° 1% | ete- =1ty 10—34 10~
D 6.5 % 10-43 TIF molecule 10931 10-4°
n 2.9x10°° UCN = 10-°
%Hg  3.1x10% atom cell o= i<

Mass Scale & ¢-p Sensitivity

Y /\‘UV\M Y
2 M < 500 GeV— singp < 1072



Analysis Strategies

» Work within a given BSM scenatio:
constraints on ¢cpy, M, ...

» Model-independent analysis:
constraints on Wilson coefficients






MSSM Global Analysis

Wassm :@:I ’ ﬁ[d - Wyukawa §
¢, = arg (uMb’)

soft — @ +@/W @Bé) + c.c. A M
(«LanH — é_adﬁéHd — f’aefHd) ¢A B arg ( f ])

= = ~_"|' - -
—QTm Q- L'm? L — am2i' — dm3d —ém2e' —m? HIH, —m3 HjH,

[ Hyq + c.c.)

Li, Profumo, R-M ‘10
* Dominant operators: EDM, CEDM

* No theory error (QCD SR)
* Includes full 2-loop (Li, Profumo, R-M)



MSSM Global Analysis

Wassm :@:Iu ’ ﬁ[d - Wyukawa

Lat = —3 (D +(RYV W +(HBE) +cc.
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¢a = arg (ArM;)

=i 2 * 2 *
e —my H H, —my HiHg

Correlated Constraints Li, Profumo, R-M “10
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Present Present: "9Hg impact



MSSM Global Analysis

Wassm :@:Iu ’ ﬁ[d - Wyukawa
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Future d,: 100 x
present sensitivity

Present



AMO Global Analysis

T

Iy

=05 ol

a‘,."ll[!‘:de cm)

0.3

Jung ‘13
:I.J{ﬂ]
SE ~ —37
eG4

- Dominant operators: e EDM, C.% ~ Im Ce(;y)

* Includes "°Hg w/ C¢© no Schiff moment !

* TI & YbF only: |d,| < 0.89 x 10-?°e cm




EDM Probes: EWB Implications

Y /\\N'\M Y
2 M < 500 GeV— singp < 1072
e

Universal |

gaugino 0s

phases o o B

(rad)
Arg(uMp’) = |
Arg(uMb’) 1
.04 -0.02 ¢P ((:.ad) 0.02 0.04

Cirigliano, R-M, Tulin, Lee ‘06 Ritz CIPANP 09 +
Cirigliano, R-M, Tulin, Lee ‘06



EDM Probes: EWB Implications

P Singcp~1 — M > 5000 GeV
Y /\‘UV\M Y
2 M < 500 GeV— singqp < 102
e

Viable EWB & CPV:

* EDMs are 2-loop
* CPV is flavor non-diag




EDM Probes: EWB Implications

T. (@)
; JJ_,JJJf

In

X (@

Heavy sfermions: LHC
consistent & suppress
1-loop EDMs

Viable EWB & CPV:

« EDMs are 2-loop

* CPV is flavor non-diag

e

0 ,’
T T

Sub-TeV EW-inos: LHC & EWB -
viable but non-universal phases

Compatible with B
observed Yp ~

28 N
n:x €C A
28 T
n= ec
((f} S BRI NI R R
'%00 150 200 250 300
M, [GeV]

Next generation d, Li, Profumo, RM



Flavored CPV & EWB

CPV & 2HDM

L= —y}}@i(EHi}u‘L — y%@iﬂudg

~ALQ Hauly — ML QH(eH))d}, + hec..

Liu, R-M, Shu ‘“11;
see also Tulin &
Winslow ‘11; Cline
etal ‘11

constant ng/ s

Viable EWB & CPV:

« EDMs are 2-loop
* CPV is flavor non-diag

[ N T
D63
131 042 08
L0 42 Z
é LHCb 1
0.0l¢ ]
£ _
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163 -
021
=057 05
>
MY
—10} 084 : | _189:
—0.05 0.00 0.05
Sign( Pus s






Hadronic Matrix Elements

Param Coeff Best value? Range Coeff Best value< Range®
0 an 0.002 (0.0005-0.004) Ao 0.02 (0.005-0.04)

o 0.002 (0.0005-0.004) A 2% 1074 (0.5 —4) x 1074
Im Cye e 4x 107" (1-10) x 10~* Yy —0.01 (—0.03)-0.03

dc 8x 1074 (2—18) x 1074 Yar —0.02 (—0.07)-(—0.01)

dg ep —0.35 —(0.09 — 0.9) @) 838 (—25)-25

ep! —07 —(02-1.8) @) 17.7 9-62
3 ec! 8.2x107° (2—20) x 107° o) —2x1077 (—6 —6) x 1077

ec! 16.3 x 107° (4—40) x 1079 ) —4x 1077 —(2—14)x 1077
Im Gy, e 0.4 x 1073 (0.2 —0.6) x 1073 Yor - -

dy —16 x 1073 —(0.8—2.4) x 1073 Yo - -

dq oy —0.35 (—0.17)-0.52 @0 - -

Pn 1.4 0.7-2.1 @1 - -
8 u 82x107° (4—12) x 1079 No) - -

¢d —33x107° —(16 — 50) x 107° 1 - -
C: B 2 x 1077 (0.2 — 40) x 1077 ve 2 x 1076 (1—10) x 1075
Im Cyuq gud 3 x 108 (1—10) x 10~ y& 1x 105 (5 —150) x 10~
Im Clard quad 40 x 1077 (10 — 80) x 10~ y e 2 x 1076 (1—10) x 1075
Im G’ g 127 11-145
Im gtV 0.9 0.6-1.2

J. Engel, U. van Kolck, MRM 1303.2371
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EDM Probes:

T. (@)
r
-

Light staus: LHC
consistent & suppress
1-loop EDMs

Viable EWB & CPV:

« EDMs are 2-loop
* CPV is flavor non-diag

EWB Implications

No CEDM (9% Hg): EWB-viable
but m, — New scalars for EWPT

=40, A =100 GeV, u=1000 GeV
Next gend, —_ e
\ NS
Ay

1400 —

5= Yobs o,
—— m, =82GeV =
]

Compatible with"|

1000 - N
observed YB §\\ RN
§, 800 —‘\ c't‘r;\\\ .
,\ N

EM

\
600 \ —

SN
100 [ -
>
(N

200 ‘«.\_\ |

\""-L
200 400 600 800 1000 1200 1400
Mg [GeV]
3

Kozaczuk, Wainwright, Profumo, RM



Wilson Coefficients: EDM & CEDM

VAt AN A 7
(QJ T H)HDG#V [CEDM _ _I-Z g3dq _ A . oA
) = qo Voq 7
(Qo*Td)p Gy, . 2 ’
e
[ Ll I 1 -
(F.*ir )T WL, [EDM _ _iZ %fg#vn},af Fu
(Fa"” f)® B,, 1
. V2 run2
d = — (—) Im C ¢,
o . —\a m Cga .
Qpy, = G Crv, —> V2 /)2
d_f = — » (E) Ilﬂ Gf’:r

Im Cp, =1Im Cyp + QI:_{ Im Crw




EDM Interpretation & Multiple Scales

£

Collider Searches
/ Particle spectrum; also

scalars for baryon asym

Baryon Asymmetry
Early universe CPV T~ BSM CPV
- SUSY, GUTs, Extra Dim...
/ N
EW Baryogenesis

Quantum transport
theory

LHC phenomenology
B Physics
Dark Matter




EDM Interpretation & Multiple Scales

Baryon Asymmetry

Early universe CPV

‘l\‘

Agsy: new physics scale
C: model-dep op coeffs

Also QCD 6 term

BSM CPV
SUSY, GUTs, Extra Dim...

]

EW Scale Operators

£

Collider Searches

v :
Particle spectrum; also
scalars for baryon asym

Leff — Z AQC 04

BSM

Had Scale Operators
C(H") 0/4

SM particles only

I QCD evolution

£eff — Z A2

e, g, g, y (no Higgs)

d.,g\ns -

QCD Matrix Elements

1 -

CPV

Nuclear & atomic MEs

Schiff moment, other P- &
T-odd moments, e-nucleus




Operator Classification

(1)
AmCy, - _ ImCy_
Loty n‘; ;2 % [&se dd — ee dygd| — i 2;; [E7s€e tu + ée Uy;ul
(3)
ImC
T s 20 0
4 |
2 Imc'{” B ) ) )
Ly = i 5 1;“““ [wysu dd + au dvysd — dysu id — du iy5d]
d
gg Im{?(i] J B B ~ y .
=g 1;‘ L [aysTw dT4d + aTu dvysT4d — dysTu aT4d — dTu aysT4d]
i

Nonleptonic: hadronic
EDMs & Schiff moment







Baryogenesis Implications

MSSM: ¢, only

Electron EDM, ¢,=0

WM/ M,

— dE=ID'29e cm

- dﬂ:hlﬂ'z‘:I ccm

Gaugino sources

Neutron EDM, ¢,=0

— |:In=3:'.]|]'m ecm

-0.15 .
- :In=lﬂn:cm
02 - :In=3x1&7c cm
0.25

Cirigliano, Li, Profumo, R-M ‘10

Sfermon (stop) sources

tanP=10, A =100 GeV, u=1000 GeV

2000 T T ] T T T T T
\ : _
l‘ : . Y=Y e Yp<0
| Y N — Y=Y Y20
X Y — m, =115.5GeV
" ]
i 'l \ — m=96GeV
i | \ . !
1500 E ~ —
\ I| . “
N | '\ .
\\ .I % N
| . %<
.\ 3 | . /1--/\' N 4
E k. \\ I'u B 7% "\
g, N \ "\ RN
- - y \ ~ ;fg . —
X 1000~ A\ S .
Lo ~ R
v Excluded ™. .,
"% i
"
ST e
1500 2000
M [GeV]
3

Kocaczuk, Wainwright, Profumo,

R-M 12



Effective Operators & 6.,

a(z) g36
£, 1672

Coion = %sﬁ%sﬁua _V(a)— Tr (G“”L:JW)

2

(a) = Yo o (a2 ...
Via) = Y([}J’ﬂ’?c?]w (ﬁ - E) La E;’L{UJ (H + fa,) ]

}C[D}E?-:?]w = —1 }!:in?] [ ddI Et‘r-k {D|T{G@(TJ @'CI"&"U]]} |U>

12 total + & f— 0g0< 8, C, ...




Running & Matching

Collider Searches

Baryon Asymmetry e
Early universe CPV N BSM CPV A1 Particle spectrum; also
scalars for baryon asym

SUSY, GUTs, Extra Dim...

]

EW Scale Operators

C .
Agsy: new physics scale Lot =) A2y, O < SM particles only
C: model-dep op coeffs IQCD ovolution
Had Scale Operators
Log =Y S ) O e, g, g, y (no Higgs)
BSM
Also QCD 6 term -I r
QCD Matrix Elements 'I’Nuclear & atomic MEs

Schiff moment, other P- &
T-odd moments, e-nucleus

CPV

d.,g\ns -




Running & Matching

Im C;(A,) = Ky Im C,(A)

Operator Kg | Reference
Qqc 3.30 [35]
Qqv.V=BW | 153 [35]
Qe 3.30 | [35, 36]
Qe




Running & Matching

Hadronic

_ 2
dy = ay 0+ (— Zﬁ;ﬂ] (Im C)
k
(i) T AAS ;.
9z’ = k(;]ﬁ‘—l—(ﬁ) Z’}H{ImC‘kj
k

(

-
y

= |

A

2

G . L .
[TEII':' (Im ng) + F}f;]r (Im IC"ti":r')} - .‘.:.JE;] dy + I‘-L«‘fi]l dg = (E

How well can we compute the B, p, C, ... ?




Running & Matching Nuclear

— aaggT +a; 93 + as ggl?

Nuclear many-body } (i) v k

2
_ v A (F)
computations = A b+ (ﬂ) Zk: /(o) (I C)

Non-perturbative hadronic
computations



Running & Matching

da = pi

)

(1) (1)

) (
+ [ks s +k}ﬂgﬂ ImC

+ (K060 + K] tmc }

d. + Z pgdy + kg S

N=pmn

© © , 2.0 D] o)
g s —|—kjj gp} ImCE':q*'

fequ

Py 2
pid.=eCi(3) &) € = Cregg = C

£q “fequ

Atomic &
Molecular



Running & Matching

Atomic &

Molecular
- - _ _(2
da = padet+ > poldn+ ds] | [S= 093" +aigg +as 95

(;
+ [k

+|

U

!

(C
s

R{E

(1) (1)

g'9g T

0) (0)

gr T

N=pn

BN (1 1
JQESJ + kl‘n}g{pJ _

} II]'lCE[;] gy

T

k

xo 0+ (3) 2 ey

) i
kgl | tmC)

ImC'®

1) (1)
"EL} O i| fequ

}

C"'::E] — {_«’Tfecﬂ; «*E-Equ

Eq




Running & Matching ~ Aomic &

dqy = pade+ Z p. dw-kh‘-b{g S=aggg +a1gg) +ayg3?
_Fl'ﬁ.

T

L 2 3 , _ 1y 2
_1) {[k los” k}g{P ImC) | 39 = 20 0+ (5) 32 amew

k
+ k':su s [ R{DJ ImCS)

- [Faé:ﬂ“ gg}} -+ R}l }léé}] IHlCéegu

including form factors g,

} —» Hadronic coefficients,

e (V)2
pad. =i (5) o) €& = Cregy =,




Running & Matching Atomic &

Molecular
da =|paflet D PYdn ks S=aogq" +a1gg" + a9 g

T

; i R i j N
g{PJj| IH]'CIEQJ g}rj = ;\.(ﬂ 8+ (E) Z -’[]I {IITIG}

k

TAY
JOR{ES
N ‘ e ﬂ{m} ImC()
+ jl‘ﬂ[}}ﬂ-éql’]} In'lC-’S;u

e - v 2
pade =i (1) O]l CP = Creay = CLL,

coefficients

} \ Atomic / molecular




Running & Matching Atomic &

Molecular

TAY
+(T‘—J {ﬂf
+ wm }

S=aogq" +a1gg" + a9 g

T

g = Ay 0+ (%)2 Z Y ) (Im Cy,)

k

"~ Atomic / molecular
coefficients

Paramag’: 6,, Im Ce(;; (kO)

Diamag": S, Im Ciag, ( kr)

C'::I:] — CTfecﬂ; :I: {‘1[1]

£q “fequ

*Tl Cs, YbF...
**Hg, Ra, Rn...



Hadronic Matching: y Sym

_ 2
dv = ax 6+ (<) Y By (ImCy)
k
_ U2
‘-';_]f,l.::] = }"[1] ¢+ (E) Z Y }} (Im C})
k

(

-
)

= |

A

2

c | . o\ [ -
[ﬁ,ﬁj (Im Cyz) + '}f;]’ (Im C-‘qn].)} — w?l.] dy + u.:fﬂ dy = (—) [7};) dg + 1

How well can we compute the B, p, C, ... ?




Matching: x Sym & Other Methods

CPV Parameter | Coefficient Method Value Remarks

7] , ChPT ~0.002 e fm

0 Oty Lattice QCD[30] -0.040(28) e-fm m, = 0.53 GeV

0 ay, Lattice QCDI[30] 0.072(49) e-fm m, = 0.53 GeV

0 Oty Lattice QCD[31] -0.049(5) e-fm m, =~ 0.61 GeV

0 ay, Lattice QCD|[31] 0.080(10) e-fm m, = 0.61 GeV

0 Oty QCD Sum Rules[6] | (0.0025 + 0.0013) e-fm | A from QCD SR

g a, QCD Sum Rules[35] | (0.0004700503) e-fm A from lattice

7 A0) ChPT ~m2 /A, F; See Eq. (3.62)
-0.05 See Eq. (3.60)

7 Aty ChPT ~ my /A F; See Eq. (3.63)

6 term




Matching: x Sym & Other Methods

CPV Parameter | Coefficient Method Value Remarks

d, PN ChPT ~ —0.7

1, I QCD SRI6] 0.55 £ 2.8 PQ assumed
d, A QCD SR/6] 1.1+ 0.55 PQ assumed
d, PN QM /NDA ~ —0.09 includes K,
Ly PN QM /NDA ~ 0.36 includes K,
84 e(N ChPT ~5x107% e fm

Ou eCl QCD SR[6] | —(0.94+0.5) x 1078 € fm | PQ assumed
b el QCD SR[6] | (—3.6+1.8) x 107® e fm | PQ assumed
Oy eCl QM/NDA ~ 0.15 x 107® e fm includes K g
Dd el QM /NDA ~—-12x10%efm | includes K ¢

CEDM




AMO Global Analysis ~ “tomic &

Molecular

TAY
JOR{ES
+ \ e ﬂ{”i‘} ImCSH
) e

S=aogq" +a1gg" + a9 g

T

g = Ay 8+ (?—1)2 Z Vi) {ImC}

k

"~ Atomic / molecular
coefficients

Paramag’: 6,, Im Ce(;; (kO)

Dismag”: S, Im Cf%, (kr)

C'::I:] — CTfecﬂ; :I: {‘1[1]

£q “fequ

*Tl Cs, YbF...
**Hg, Ra, Rn...



Global Analysis: Hadronic

LYV = —2N (dy + di73) SuN v, F*

+ N [§O7 -7+ g0n° + g® (3ran® — 7 - 7) | N

- € Im,.  AAmy m,
dy = dy ga {gm}l T ( .\)q] +§'§rl} }

167F,. |77 | my My my

2 " 2
- - - €04 B my  omm,  Am; ) T
dy = dy(p) + ody (1) — {gm} {ln m; + Amy  m? } _Q,{—.l]m}




Global Analysis: Hadronic

Lt = —2N (do +di73) SuN v, F*™

+ N [§97 7w+ g0 + §® (3ran® — 7 - 7)| N

m

do—dy - eg4 50 3m,  4(Amy), + 30 m,
_ 167 E, |77 | mn m, T my
\NTT
n _ /I : W (Q?TJZF’T I ! m2 dmpy m2 dmpy
8gs 0y, ... 8y, 0,... Coua » O -+

Need multiple hadronic systems to disentangle




EDMs: SM & BSM CPV?

In units of ecm, selected EDM limits are:

Particle | EDM limit Svystem SM Prediction | New Physics
e 10.5x 108 [ YbF 10-9° =
T T1<10 0 | restirame E 70 o9 0 22
T 3.1x10° 1% | ete- =1ty 10—34 10~
D 6.5 % 10-43 TIF molecule 10931 10-4°
n 2.9x10°%° UCN (it e
%Hg  3.1x10% atom cell (s (i

A non-exhaustive list:

Leptonic EDMs

Hadronic EDMs

System Group System Group

Cs (trapped) Penn St. n (UCN) SNS

Cs (trapped) Texas n (UCN) ILL

Cs (fountain) LBNL n (UCN) PSI

YbF (beam) Imperial n (UCN) Munich

PbO (cell) Yale 99Hg (cell) Seattle

HBr' (trapped) | JILA 29X e (liquid) Princeton

PbF (trapped) | Oklahoma 225Ra (trapped) Argonne
(solid) Amherst 213.225R 3 (trapped) | KVI
(solid) Yale/Indiana || ““°Rn (trapped) TRIUMF

muon (ring) J-PARC deuteron (ring) BNL?




EDMs: Standard Model CKM

In units of ecm, selected EDM limits are:

Particle | EDM limit Svystem SM Prediction
[ e 105x1028 [ YbF et
T T1<10 0 | restirame E 70 o9
T 3.1x10° 1% | ete- =1ty 10—34
D 6.5 % 10-43 TIF molecule 10931
n 2.9x10°%° UCN (it
%Hg  3.1x10% atom cell (s
CKM CPV

+ +

\ w \ K
\) A Y P A Y
4 W + 4 K+
u n

* 1 loop vanishes
(~ VUS VUS*)

2 loop shown to
vanish explicitly

* Khriplovich et al;

McKellar...

Penguin: AS = 1

K+

p n

* Donoghue, Holstein,
RM; Khriplovich et al



EDMs: Standard Model 6-term

In units of ecm, selected EDM limits are:

Particle | EDM limit Svstem SM Prediction
e 10.5 x 1028 YbF s
T T1<10 0 | restirame E 70 o9
T 3.1x10° 1% | ete- =1ty 10—34
D B 5w 1049 TIE molecule 1091
n 2.9x 1074° UCN e
%Hg  3.1x10% atom cell (s
LY
QCD
+
ol - ~ T
T Tr G, G* Pl rvsnY
4;”'_ H / Jt_'_
n

* vanishes for any
m,=0

* Crewther et al: van
Kolck et al ; Herczeg

» “bar” : absorb quark
field redefinition

d &d, ("9°Hg):
0 < 1010

Peccei -Quinn Sym?

p n

* Haxton & Henley;
Engel;



EDMs & Isospin Filter: n, p, A

Chiral limit:
7T ™
\ \
2| nwnY n | Y B---1 4+
/ / JU
. T p T
Nucleons Schiff Moments
d,-d,~g, d,+d, ~g i = 0.87(d, ~d,)+0.27e(d —dj)

dy’ =0.5(d,+d,)+0.83¢(dy; +d;)

Schiff Moment in 9°Hg

e = 0.007g20 +0.0712g, + 0.018gg, [¢ fm’]



EDMs & EWB: 2 Loop Regime

Arg(uM,b’) # Arg(uM,b’)

20 __I 1 T II/T\: 1 T L 1 T T 1 I T T Ll I__
N [ N ]
-/ Y — M, phase| ]
15 ) ! M_ phase |
i Voo P .
N ," \ ]
10 -1 \ -
| ) ]
| ‘ ]
1 \ ]
5t \ =
E L -
8 3 .1 ]
= L 1 -
r n—— 0
= - ' 1
— | \ t
< sk \ H
- \ ]
L \ T -
- \ ']
10 \ -
- ‘ [
- ) fl-
N \ [
15 \ -
- vl ]
B N ! a
-20 _I Ll 1 | 11 11 | L1 1 I‘."l’l‘r L 1 I_
0 05 1 15 2
9,/ m

Weak dependence of
d,, d on Arg(uM.,b’)

300

Li, Profumo, R-M: PLB
673:95 (2009)

Res x* EWB not
compatible with d,

Res & non-res x’
EWB compatible
with future d,,, light
m,, & moderate
tanp



