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1. Electric dipole moments

2. Implications for electroweak baryogenesis
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MAGNETIC AND ELECTRIC DIPOLE MOMENTS

Hamiltonian for non-relativistic particle with spin

— —

H=-d,5-B-d.S-E
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dipole dipole
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MAGNETIC AND ELECTRIC DIPOLE MOMENTS

Hamiltonian for non-relativistic particle with spin

— —

H=-d,5-B-d.S-E
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Spin procession
B or E .

S magnetic dipole  w = d,,, Bsin

electric dipole w=d.Fsinf
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MAGNETIC AND ELECTRIC DIPOLE MOMENTS

Hamiltonian for non-relativistic particle with spin

H=-d .5 B—dS§ E H=-d,S B+d.S-E
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MAGNETIC AND ELECTRIC DIPOLE MOMENTS

Hamiltonian for non-relativistic particle with spin

— —

H=-d,5S-B—d.S-E
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CPT theorem: T-violation « CP violation
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MAGNETIC AND ELECTRIC DIPOLE MOMENTS

Hamiltonian for non-relativistic particle with spin

Baryogenesis N1 BI\ ef



ELECTRIC DIPOLE MOMENT OF NEUTRON

CP violation in SM: CKM phase and theta angle
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ELECTRIC DIPOLE MOMENT OF ELECTRON
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ELECTRIC DIPOLE MOMENT OF ELECTRON
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PHYSICS REACH OF ELECTRON EDM
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TYPICAL SIZE OF ELECTRON EDM

n . n T 2
dem(a> e e sin g ~ (ﬁ) 4><10—24( GV) e cm

AT/ A2 dm A
suppressed by 4, = A 2>25(1)TeV for n=1(2)
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TYPICAL SIZE OF ELECTRON EDM

n . n T 2
dem(a> e e sin g ~ (3) 4><10—24( GV) e cm

AT/ A2 dm A
suppressed by 4, = A 2>25(1)TeV for n=1(2)
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TYPICAL SIZE OF ELECTRON EDM
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PLAN

1. Electric dipole moments : very sensitive probe of CPV new physics

2. Implications for electroweak baryogenesis
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Why 1s everything made out of matter?
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ELECTROWEAK BARYOGENESIS

Sakharov conditions:

1. Baryon number violation: sphalerons
2. C- and CP-violation: new CP violation at EW scale

3. Out of equilibrium: 1st order EW phase transition
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EW PHASE TRANSITION

Standard Model

V I>T, .
A New physics (mn = 65 GeV)
T=TC
T<T1c
from Cline '06 -
1st order 2nd order/cross over
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ELECTROWEAK BARYOGENESIS IN A NUTSHELL

Cohen, Kaplan and Nelson 1991 5
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ELECTROWEAK BARYOGENESIS IN A NUTSHELL
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ELECTROWEAK BARYOGENESIS IN A NUTSHELL
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ELECTRIC DIPOLE MOMENT OF ELECTRON
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ELECTRIC DIPOLE MOMENT OF ELECTRON

t y " 52\ d t 87
Op quar LD —0¢ (1—|—c—) trtr + h.c. e ~
V2 A 8.7
L
b,c, 7 A2 0.7,0.6, 0.2TeV is CPV enough to

obtain observed
baryon
asymmetry?
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BOLTZMANN EQUATIONS
LoV =cly (@0 = 0. [ G5l
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force collision term

df of  dz
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-  WKB/semiclassical source
- vev msertion approximation (VIA)
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TOP VS LEPTON SOURCE IN VIA

de Vries, MP, v/d Vis 2018
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LEPTON SOURCE IN WKB AND VIA

Cline and Laurent 2021
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Effective electroweak baryogengesis

very different predictions!

status last year
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LEPTON SOURCE IN WKB AND VIA

VIA source term has two contributions which exactly cancel
(at leading order 1n the derivative expansion) White. MP. vid Vis 2022

status this year!!
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ELECTRIC DIPOLE MOMENT OF ELECTRON

t ) " 52\ d t 87
Op quar LD —— (1+c—>tt + h.c. e ~
\/§¢ A2 LVR 2.y
-
A 2 10TeV
b,c, 7 A > 0.7, 0.6, 0.2 TeV

cEDM rules out simplest

scenarios
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PLAN

1. Electric dipole moments: very sensitive probe of CPV new physics

2. Implications for electroweak baryogenesis: eEDM rules out vanilla EWBG

to save EWBG: hide CPV e¢.g. in two-step phase transition
resonant (flavor) effects
explore different dynamics
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