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Outline

1. Context: Fundamental Symmetries &
Neutrinos in Nuclear Physics

Challenges for the new Standard Model
The role of the “precision frontier”

CPV & the origin of baryonic matter

CP & T: EDMs

OIE 8GOS

o Supersymmetry as an illustration



Low Energy Precision Tests : the
Standard Model

Measurement of PV
asymmetry in eD scattering:
SU(2),xU(1), prediction for
neutral currents

| Observation of
parity-violation in
%0Co S-decay: LH
nature of weak int

Measurements of
superallowed nuclear g-
" JlB8 decay: most precise

' determination of quark
mixing parameter

Searches for
neutron EDM: tiny
QCD 6 parameter:
axions?

What are the symmetries of the “new Standard Model” ?



Rare Processes:

EDM Searches

7 . e atoms
C - * leptons
] Spin

Al ’ % * nucleon

CLFV Searches

* muZ2e
* PRIME
e EIC

Experiments

Ovp Searches

* EXO
e Majorana
« SNO +

Dark Matter Searches

« CLEAN
« WARP




Precision Tests: Experiments

PV Electron Scattering
e « Q-Weak

and power supplies

e « 12 GeV Moller
:& {_E_'Lj’ creenies . PV DI S

Torsion Balances °g,2

e Equiv Prin Tests

* n decay correlations
* Non-grav forces

e nuclear $ decay
* pion decays « oscillations
e muon decays * 3 & (P decay




EW Probes of QCD: Experiments

PV Electron Scattering Hadronic PV
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Scientific Questions

Why Is there now more visible matter
than antimatter in the universe?

What is the nature of the neutrinos,
what are their masses, and how have
they shaped the evolution of the
cosmos ?

What are the unseen forces that were
present at the dawn of the universe but
disappeared from view as it evolved ?






Symmetries & Cosmic History

EW Symmetry

Breaking: Higgs ?
New Forces ? Standard Model Universe
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Symmetries & Cosmic History

» Big Bang Nucleosynthesis
(BBN) & light element
abundances

* Weak interactions in stars
& solar burning

e Supernovae & neutron
stars

It utilizes a simple and elegant
symmetry principle

SU(3). x SU(2), x U(1),

to explain the microphysics of
the present universe




Symmetries & C0oS| - Non-zero vacuum
expectation value of
neutral Higgs breaks
electroweak sym and
gives mass:

m, = ho(H")

* Where is the Higgs
particle?

EW Symmetry
Breaking: Higgs ?

New Forces ?

Large Hadron Collider §

e |s there more than
one”?

ELEMENTARY ’
T Be Puzzles the St'd Model may or
~um. may not solve:

SU(3), X SURx D)y e

g- How is electroweak symmetry broken?
o How do elementary particles get mass ?

AFTELlE LAan Ceddmap, LEIMNL, (£ LK HADpOrEad Oy LEAE knd MNSF



Symmetries & Cosmic History

EW Symmetry
Breaking: Higgs ?

New Forces ?

Standard Model Universe
o\ > 2

SUSY ?
GUTS ?

- [ =

el Ly Niep .'||.||.'_|r;5|'.'|'l:lI

Extra Dims ?

Puzzles the Standard Model can’t solve

1. [Origin of matter What are the symmetries

Unification & gravity (forces) of the early

2

i | hose of
3. Weak scale stability ;Jhnévgﬁg beyond those o
4

Neutrinos







Searching for Symmetries of the New SM:
Unique role for low energy studies in the LHC era

Two frontiers in the search

Collider experiments
(pp, e*e-, etc) at higher
energies (E >>M,)

Large Hadron Collider §

G R e S
= A < S

Bumps HENENER N CERN

High energy
physics

Indirect searches at
lower energies (E < M,)
but high precision

Deviations

Particle, nuclear
& atomic physics



Precision Probes of New Symmetries

EW Symmetry
Breaking: Higgs ?

New Forces ?

Standard Model Universe
o\ > 2

SUSY ?
GUTS ?

- [ =

Extra Dims ?

el Ly Niep .'||.||.'_|r;5|'.'|'l:lI

Origin of matter

2. Unification & gravity A TS annan
3. Weak scale stability . 4
4. Neutrinos



Precision Probes of New Symmetries




Precision & Energy Frontiers
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Precision & Energy Frontiers

~ 80.7
> e
< - | Direct
= 80.6 - | Measurements
Radiative
corrections
80.3 P
80.2 |
s
80.1 Lo L
[nt (GC\!")

J. Ellison, UCI

* Precision measurements
predicted a range for m,
before top quark discovery

em,>>m,!

e m, IS consistent with that
range

It didn’t have to be that
way

Stunning SM Success



Precision & Energy Frontiers

— 80.7
{) =
2 - | Direct
=z 80.6 I | Measurements
Radiative
corrections
80,3 ; ol
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J. Ellison, UCI

Probing Fundamental
Symmetries beyond
the SM:

Use precision low-
energy measurements
to probe virtual effects
of new symmetries &
compare with collider
results

Stunning SM Success



Precision Probes of the New SM

Precision ~ Mass Scale

dex~ 1 x 109
M=M,, &~ 1073

~

AO™" a(M
M

» | M=m,  5~2x109
5=l
NEW
OSM

T

Interpretability

* Precise, reliable SM predictions

: : Discovery
« Comparison of a variety of observables

e Special cases: SM-forbidden or suppressed processes




Precision Probes of the New SM

Precision ~ Mass Scale

) M=m.  8~2x 109
AO™  alM "

~ dexp~ 1 x 10

~

) —
Wo™M g\ m

M=M,, &~ 103

The Standard Model of The Minimal Supersymmetric
Particle Interactions Extension of the Standard Model

(MSSM)

lllustrate ideas, physics reach,
& developing theoretical
methods with Minimal
Supersymmetric SM (MSSM)
but more generally applicable

I II III I II I

Sleptons







What is the Origin of Matter

Dark Mat

Baryogenesis: When?
CPV? SUSY? Neutrinos?

Park Energy

EW Baryogenesis:
testable w/ EDMs +
| colliders

Can new TeV scale
physics explain the
abundance of matter ?

Leptogenesis:
less testable,
look for |
ingredients w/ vs |

If so, how will we
know ?




Baryogenesis: Ingredients

Sakharov Criteria » Anomalous B-violating processes

| | / SM Sphalerons: v
B violation

- C & CP violation I(A+B—C)#T(A+B—C)

° Nonequilibrium - I SM CKM CPV: &

E ) dynamics

Sakharov, 1967 A Prevent washout by inverse processes

SMEWPT: %



Baryogenesis: New Electroweak Physics

Weak Scale Baryogenesis ;”bmke” phase 3 f"’l" L
;
* B violation Topological transitions z_/___+ (qb(x)\/
e C & CP violation \
- Broken phase / N
e Nonequilibrium CP Violation

dynamics 1st order phase transition

Sakharov, 1967 ‘




Baryogenesis: New Electroweak Physics

Weak Scale Baryogenesis Unbroken phase e ),

/ < N
/

e B violation Topological transitions //+ <¢(x)\/

e C & CP violation \

- Broken phase / N
e Nonequilibrium CP Violation

&\, dynamics 1st order phase transition
. | y
l Theoretical Issues:

Strength of phase transition (Higgs sector) *\\%ew
Bubble dynamics (numerical) | Py
/

Transport at phase boundary (non-eq QFT) n
EDMs: many-body physics & QCD

Ve
& (pnew ‘

o



Baryogenesis: EW Phase Transition

Weak Scale Baryogenesis|  Unbroken phase

e Bviolaton | -\ + )
 C & CP violation
1st order 2nd order ) ]
CP Violation
& Transport

Scalar Dark i )

Matter? Increasmg mh > Addmg new o omn e R T 3>

...Gonderinger, < scalar partlcles Barger, Fileviez-Perez,

Li, Patel, R-M Profumo, Shaugnessy, MR-M, Patel... to the SM Ic_)aggack?r,PMcCI:askefy, .
'Connel, Patel, Profumo, R-M,

Shaugnessy, Wang, Wise



Baryogenesis: CPV & Transport

LH Ileptonls _ _ )ha e
Weak Scale Bary \A . Bubble igterior S
e B ViOIation H H quarks ;VJ'(\_ \ .
- Bubble exterior - fernjions
« C & CP violat B A5 B
- 40 30 20 -10 10 20  hase
« Nonequilibriug #AGeV ]
F'\ dynamIC MSSM: Chung, Garbrecht, R-M, Tulin ‘09

Sakharov, 1967

Also Cirigliano,
Lee, R-M, Tulin

CP Violation
& Transport

Coupled set of (~30) quantum Boltzmann equations

1_£_£g+gw
i

ta
-k

wi) (£a HY e (f t) aafl
_plte (24 ) _pwh (22 pla
' kp kg kg ! ke ke "ok

ke kg K,

Transport: A Competition R-M et al
[A+B—C)#T(A+B—C() cPv
I'A+B «—C) chemEq

[(A4+ B« A+ B) Dpiffusion




Baryogenesis: CPV & Transport

Also Cirigliano,
| | Lee, R-M, Tulin
LH leptons bl _ )hase
Weak Scale Bar)l - \ _ Bubble irjterior
e B violation o =P\ | )
- quarks W |LHfermions N - — W - \¢(X) /‘
. - Bubble exterior g -
* C & CP violat N 15 B
- 40 =30 20 -10 0 10 20 nase
* Nonequilibriug #[Cev CP Violation
‘_-\‘ dynamlc MSSM: Chung, Garbrecht, R-M, 1 Details of Spectrum |mpt LHC !
Sakharov’ 1967 ji .................................................. :
s wé oo
E -3 7 my, = 1 TeV
EDM searches: 10} me, = 90 G
. -G 2060 4080 600 800 T
How strong was the CPV “kick” ? "y (GeV)
Chung, Garbrecht, R-M, Tulin ‘08







EDMs: New CPV?

In units of ecm, selected EDM limits are:

[ Particle | EDM limit System SM Prediction | New Physics
e 1.9x 104/ Tl atom 10—°° 10—/
T T1x10 7| restirame E 0 59 T0 22
T 3.1x10° 1% | ete- - tT7ry 10—34 10—
D B 5w 1049 TIE molecule 1021 1045
n 2.9x104° UCN ot i

FHg  3.1x10% atom cell o=k 0=

E B L
l T d=dS

v dS-(-F)
EDM — T

h
T-odd , CP-odd
by CPT

theorem

* SM “background”
well below new
CPV expectations

C-Y Liu

x<0.5mMm



EDMs: Standard Model CKM

In units of ecm, selected EDM limits are:

[ Particle | _EDM limit System SM Prediction
o 1.9 x 1074/ Tl atom e . ‘r}"";.
T T1<10 0 | restirame E 10 9 A 2
T 3.1x10° 1% | ete- - tT7ry 10554 = ":;':"f 2 =4
D 6.5 x 10243 TIF molecule 10-°1 2
n 29x 10 % UCN 10~31 . B e
[ ™%Hg  3.1x10% atom cell Jlo=et '
Penguin: AS =1
CKM CPV
+ +
N 1% \ K K" 14
\) hanan Y P hanan Y --
4 W + 4 K+
u n P n

* 1 loop vanishes
( - Vus Vus* )

* 2 loop shown to
vanish explicitly

* Donoghue, Holstein,

* Khriplovich et al; _ _
RM; Khriplovich et al

McKellar...



EDMs: Standard Model 6-term

In units of ecm, selected EDM limits are:

[ Particle | EDM limit System SM Prediction
e 1.9x 1074/ Tl atom 10—9°
T T1x10 7| restirame E 0
T 3.1x10° 1% | ete- - tT7ry 10—34
D B 5w 1049 TIF molecule 1021
n 2.9x 1074° UCN ot
FHg  3.1x10% atom cell o=
LY
QCD
+
— JU
a0 a pv P \\‘UV\M Y
Tt G G )
47 .
n

* vanishes for any

mq:O

* “bar” : absorb quark
field redefinition

* Crewther et al; van
Kolck et al ; Herczeg

d, & d, (***Hg):
6 < 1010

Peccei -Quinn Sym?

p Y
P n
* Haxton & Henley;
Engel;



EDMs: Peccel-Quinn & Axions |

6-term Axion Field: GB of Spont Broken U(1)pq

50 I a(x) oy  ~

“ i 4 = 8 v

5 T T,u::-' ,ga :—alaa a_l_ - GG.

Am e \ . Ja ST ’

Jgd
Chiral Anomaly: / Axion

a—{a)+da 5[5, ()| da
fa fa

» Observed 6~ 0



EDMs: Peccel-Quinn & Axions Il

m_...(eV)

10 e rrr———rrry
r |
- 1
10° 1
oo z
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3 b 1
g;_ o 77777 o £
> N 3
. 1
KSVZ..~
.~ DFsZ 1
1
1
Dark Matter ]
aiad s s ssmud aasad o s aasiad s sssmad 4 s
1wt ow* o' 1w 1wt 10t
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o~ 107
- o ! 3
(] C ]
g - -
= Pl y
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| oama 4
o _
10 E Tokyo helioscope E
10—10 CAST 2004 |
; CAST proepects v §
101 —
- Solar ]
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10°  10* 10° 107 107 1 10

Observed 6 ~0



EDMs: New CPV?

In units of ecm, selected EDM limits are: * SM “background”
__ __ _ _ well below new
Particle EDM limit System SM Prediction | New Physics .
o 19210 2/ Tl atom 7038 10-27 CPV expectations
= ==5 ==
H ;1 X 18 = "amfg 18 - 18 - « New expts: 102 to
T A x 107 eTe” -1t Ty B = 3 -,
D 6.5 % 10-43 TIF molecule 1031 10—-<° 10° more sensitive
n 2.9x 107 UCN 10~°1 10~ « CPV needed for
9Hg - 3.1x102° atom cell 10—93 10—<° BAU?

Mass Scale Sensitivity

P Sing., ~1 — M > 5000 GeV
Yy /\'\N'\MV
2 M <500 GeV— sing.p < 107



EDMs: New CPV?

In units of ecm, selected EDM limits are:

[ Particle | _EDM limit System SM Prediction | New Physics
e 1.9x 104/ Tl atom et e
T T1x10 7| restirame E 0 59 T0 22
T 3.1x10° 1% | ete- - tT7ry 10—34 10—
D 6.5 % 1043 TIF_molecule 1031 10-4°
n 2.9x10°° UCN o 10~4°
FHg  3.1x10% atom cell o=k 0=

A non-exhaustive list:

* SM “background”
well below new
CPV expectations

* New expts: 102 to
103 more sensitive

* CPV needed for
BAU?

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 2IXe (liquid) Princeton
PbF (trapped) Oklahoma 225Ra (trapped) Argonne
GdIG (solid) Amherst 213.225R 3 (trapped) | KVI
GGG (solid) Yale/Indiana || ““°Rn (trapped) TRIUMF
muon (ring) J-PARC deuteron (ring) BNL?




EDMSs:

Electron

Neutron

Neutral
Atoms

Deuteron

Complementary Searches

Improvements
N7 of 102 to 103
x° 1 pewnY
7
f
N N7
x°| pwen? X Mmw g
I g
f q QCD

QCD

q QCD



EDMs: Complementary Searches Il

Electron

Neutron

Neutral
Atoms

Deuteron

Improvements
|:f of 102 to 103
X YWY

! q QCD

Nuclear Moments

PT VT PY EV

c, | E % x [0 | [EDM,Schiff..

™, x % |E MQM....

(@)
TE,;| | O] E % Anapole...

Nuclear
Enhancements



EDM Interpretation & Multiple Scales

Baryon Asymmetry
Early universe CPV

Collider Searches

‘l\‘

BSM CPV

SUSY, GUTs, Extra Dim...

‘/' Particle spectrum; also

scalars for baryon asym

]

EW Scale Operators
£(’3H" = Z A'ZC

O

BSM

]

Had Scale Operators

L= 3

CLHY)

5
ABsm

O/

1

QCD Matrix Elements

dny Gann s -+

t

I

Nuclear & atomic MEs

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




EDM Interpretation & Multiple Scales

Baryon Asymmetry
Early universe CPV

‘l\‘

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

Also QCD 6term

BSM CPV
SUSY, GUTs, Extra Dim...

]

EW Scale Operators

£

Collider Searches

v :
Particle spectrum; also
scalars for baryon asym

[:()H’ = Z A;)C O«

i BSM

Had Scale Operators

SM particles only

IQCD evolution

C'<["[()> O/{

BSM

e, g, g, y(no Higgs)

dny Gann s -+

QCD Matrix Elements

Lef =), T
1 -

CPV

Nuclear & atomic MEs

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




EDMs: QCD & Many-Body Theory |

Improvements
7 of 102 to 103
Electron Xot;my
I
f
NS N
Neutron % | ey 2| poown g
f ! q ! QCD
Neutral + + X|:,wg
Atoms N e A oco
|:a
x| Mmwn g
Deuteron a
q QCD




EDMs: QCD & Many-Body Theory |

Improvements
7 of 102 to 103
Electron X|: ,
7
f
. \J; » \é
Neutron ) Mool g L
f q QCD
Neutron EDM from LQCD: 0
0.0 [eaggem e m=2.2 GeV
Se /d4XTr GG onl A".°o¢ *
32“72 ) waf  arerilER
Two approaches: 0.6 Fy’
- Expand in 6 & average over S R (O R
topological sectors (Blum et al, 0= _15
Shintani et al) d’ /0= —1.83(60) x 10 "¢ —
» Compute AE for spin up/down  QCD SR (Pospelov et al)
nucleon in background E field o - e
(Shintani et al) d /6= (25+12)x10""°e—cm




EDMs: QCD & Many-Body Tl

ChPT for d,: van Kolck et al

P- T-odd #NN

.y
drNN

1=0,1,2

Neutral
Atoms

Deuteron

NS
x°| pewn?
a

f

Improvements

of 102 to 103

Hadronic couplings
Pospelov, Ji et al:

_]
8NN

PCAC + had
models & QCD SR

I

QCD

QCD

QCD

v
-




EDMs: QCD & Many-Body Tt >=eeene

Nuclear Schiff Moment

S~ / d’x x* X p(x)CFY

Nuclear EDM: Screened in atoms
e ~ / &*x % p(®)CPY

by -
. \
i 1
\
i E ext p
v
! 1
| )
B i
\ E;. '
L s
g 7
A ’
N s

Improvements o
of 102 to 103 Ew=0

Atomic effect from
nuclear finite size:
Schiff moment

NS N WA a
Neutron 2| roveny 2| oo g L\ p| poven v
f / q ! QCD N 43
Neutral ++ X|:Wg +__ .
Atoms v e ek o
SN S
x| e g T
Deuteron a

q QCD




EDMs: QCD & Many-Body Tt >=eeene

Nuclear Schiff Moment

S ~ / d’x x* X p(x)CFY

Nuclear EDM: Screened in atoms
e ~ / &x % p()CY

Improvements
of 102 to 103

NF
Neutron 2| poweny

q QCD

Liu et al: New formulation of Schiff operator

n 1 5
A 3. A 2
S ——1O/dyp(y)y {y =2

(jx 4@[@ YQ(y)]>}+...

Role of nuclear correlations

(A- s,
. \

i \‘
i E ext p
v
i 1
\ !
v ‘

5 E int g

\ P

N /
N /
N K

. €

Atomic effect from
nuclear finite size:
Schiff moment

v
-

n




EDMs & Schiff Moments

One-loop
J K
x° | hovwwn 7° | haown N----
x| Y N g —vE-- +
f q
f q
EDM:q, |, n... Chromo-EDM: g, n... Dominant in
nuclei & atoms
Schiff Moment in 1%°Hg Nuclear & hadron structure

e = 0.007g20 +0.0712g, + 0.018g3, [¢ fm’]

Engel & de Jesus: Enhanced isoscalar sensitivity ( Gycp )



EDMs & Isospin Filter: n, p, A

Chiral limit:
T T
\ \
2| nwnY n | Y B---1 4+
/ / JU
. 7T p T
Nucleons Schiff Moments
d,-d,~g, d,+d, ~g a7 =0.87(d, —d,)+0.27e(d —dj)

difﬂ - 0_5((;{“ +dd)+0.83€(0?: "‘d;)

Schiff Moment in 19°Hg

e = 0.007g20 +0.0712g, + 0.018g3, [¢ fm’]



EDMs BSM: MSSM

Whissm :@A{u : IA{d -+ Wyukawa

Lot = —§g+v~v (D)BB) +c.c.

—(flauQHu = fiﬂadQHd - éaelin) S (O

¢ = arg (uM;b’)
¢n = arg (A;M;)

2=T 2 * 2 *
mée - mH”H,“,H,“, - de,Hde

ar

- - ~ ~ . - ~ "’_T
~Q'm3Q - L'm2 L — am2i' — dm3d —
WHg + c.c.)

ol

Universality Assumption

¢1 = ¢2=¢3

Common ¢,




EDMs BSM: MSSM

Whassm :@u - Hy+ s
¢ = arg (uM;b’)

Loott = ' W BB) + c.c.
N\~ L ¢a = arg (AtM;)
—(uauQHu —fdaqQHy — caclLHy) + c.c

- - - - - - ~ T -
—Q'm3Q — L'm2 L — am2i' — dm3d — ém2é' —m3, H:H, —m3 HjH,

B
£V = g, s B U + L84 Q0,0 s B HD + O Lo, B HE (5)

dﬂ dﬁ = dﬂ

+ 192 Q0 T WHAHU + ggjzd Qs WHAHD + @gi ¢ Lo, s WHAHE
dG

+ 193 ~ia Q0N G AHU + 393 ! D0, XA GH A D

+ FTI‘ (G,H.I/CYUQGD&) Z rlbi:‘d thgdCjSﬁrsu R

Quark & Lepton EDMs

Y
> Lopy = — Lgi“LLg P — ied; Dy, F* Dy — i ed,

L7 o Mg
2A oA EomT TR

EWSB




EDMs BSM: MSSM

Whassm :@u - Hy+ s

¢ = arg (uM;b’)

Loty = ——O W BB)+C.C.

—(uauQHu — «§ad~QHd — fa‘aef;Hd) +c.c

- ~ -~ ~ - - =~ ~_'|' - "
~Q'm3Q — L'm? L — am2i' — dm3d — ém2é

zgldB

LEY = 2‘91 L Q0,us B HU + 992 05 gD 4!

J Az
i ggd“

dﬂ
192 Qg,u,u V5T AI"F'LWAHD

Q0T WHAHU +

2 *
— mH“ H,“,Hu

dG
+ 193 Y% By s MG ART + 393 ngMS)HGWAHD

+ FTI‘ (G,H.I/CYUQGD&) Z rlbi:‘d thgdCjSﬁrsu R

ied? ied)
uiy FH U, —
LOuw VR o)

EEDM’ - = N

DLCF FH DR_

¢n = arg (A;M;)

2 *
— deHde

f’gBﬁvHE (5)

W
? gff Lo s WHAHE

e 5

Quark Chromo-EDMs

ied)
2A

EILU F'u'vfﬂ



EDMs BSM: MSSM

Wassm :@u : f{d -+ Wyukawa
¢ = arg (uM;b’)

Leey, = @ ‘I'W @BB) + c.c.
~ S ¢n = arg (A;M;)
—(uauQHu —fdaqQHy — caclLHy) + c.c

- - - - " " ~ T - -
—QT m$ () — L'm? L — um? g _ m2d - émgér —m3 HiH, —m} HiH,

B
ECP‘ = lgl . QJW B HU + lgld Q0 s BWHD-I— “LousB"HE (5)

d"‘ ay - N v
+ 192 QUWF}ETAH AU + igiiild QUWTE.TAH’; “AHD + igjl ) LJ;LL:;T.JTAWIWAHE
dG
+ 193 Y% By s MG ART + 393 i Q0 s NG AHD
+ FTr (G“"CMG“) n Z ﬂb“d €;Qd°Qrisut + -+ Weinberg 3 gluon Op
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EDMs BSM: MSSM
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MSSM EDMs: Leading Contributions
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Heavy Sfermions: Two-loop EDMs

One loop EDMs suppressed in heavy g : : :
sfermion regime N LW , B4 A
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EDM Interpretation: MSSM

Wassm =l - Ha + Wyukawa |
Universality Assumption
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EDM Interpretation: MSSM
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EDM Interpretation: MSSM
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EDM Interpretation: MSSM at 2 Loop
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One Loop EDMs & Baryogenesis
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EDMs & EWB: 2 Loop Regime

Li, Profumo, R-M: PLB
673:95 (2009)
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EDM Interpretation & Multiple Scales
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MSSM Baryogenesis: EDMs & LHC
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MSSM Baryogenesis: EDMs & LHC
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MSSM Baryogenesis: EDMs & LHC
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B Physics

MRS A WL Ladaasp a—

Observable SM theory Exp. current Exp. future
Seks sin2f 4+ 0.02 £0.01 [19] 039L0.17 [3] (2-3)% [20]
Sk sin2f 4 0.01 £0.01 [19]  0.61 £0.07 [3] (1-2)% [20]
Acp(b —sy)  (0.447070)% [24] 0.4+ 36)% [3] (D.4-0.5)% [20]
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Relationship to JLab PVES

J Lab PVES: Insensitive to CPV but probes mass scale
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Probing SUSY with PV Electron Scattering

RPV: No SUSY DM
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Probing Sfermion Mass Scale

SUSY Loops: Kurylov, SU, MR-M
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EDMs: What We May Learn

EXPERIMENT THEORY

Present n-EDM limit

[ Proposed n-EDM limit
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Summary & Outlook |

. NP studies of FS & v's are poised to provide key
iIngredients of the new Standard Model

. EDM searches may discover the CPV needed to
explain the origin of baryonic matter

. Sensitivity of EDMs exceeds that of LHC & B-physics
program, but HEP experiments provide
complementarity information

. Comprehensive search strategy involving a variety of
systems is crucial

. Ongoing theory work essential to guide the EDM
program, properly interpret results in terms of the new
Standard Model, and delineate broader implications



Summary & Outlook I

. Nucleon & lepton EDM searches with a sensitivity of ~
10-28 e-cm needed to conclusively probe MSSM
baryogenesis

. Theoretical tasks include:

» Complete development of tools for robust
baryogenesis calculations (transport, EWPT)

» Up-dated calculations of nuclear Schiff moments
and other P,T-odd moments

* Refined hadronic computations of d, , and P, T-
odd pion-nucleon couplings

e Apply to other BSM scenarios

e Delineate comprehensively relation with future B-
physics and LHC studies






SUSY Radiative Corrections
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SUSY: R Parity-Violation
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