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Precision Tests as Probes for New Physics

Searches for new physics (at energy scale \):

1. Colliders 2. Precision Tests
E~A (;”_‘”\‘ AE L
v R gl e (A)

e

Especially powerful for tests of “fundamental symmeir
e.g. T (or CP), Lepton no., Flavour, Lorentz, etc.

e.qg: lepton number violation

The Standard Model (above the EV scale) allows a singl/e

dimension five operator: :
M,——¥
Y TCErerl . i A
L = Lo+ RLLHH Ly + [dsm = 6I

data = A =101 - 10" Ge
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Precision Tests as Probes for New Physics

Searches for new physics (at energy scale \):

1. Colliders 2. Precision Tests
E~A AE  (m\"
o ] R (A)

o

Especially powerful for tests of “fundamental symmetri
e.g. T (or CP), Lepton no., Flavour, Lorentz, efc.

e.g: lepton number violation

The Standard Model (above the EVV scale) allows a single

dimension five operator: "
M,—-—Y
X A agadi - - A
L= Lgy+ KLLHH L; + [dim > 6]

data = A =101 - 101 Ge
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Precision Tests as Probes for New Physics

Searches for new physics (at energy scale \):

1. Colliders 2. Precision Tests
E~A I,"'h“‘\ AE m\"
e Ly (A)

i

Especially powerful for tests of “fundamental symmetries .

e.q. T (or CP), Lepton no., Flavour, Lorentz, etc.

e.qg. lepton number violation

The Standard Model (above the EVV scale) allows a single

dimension five operator: .
M, =—Y
EANREGH QR ) 4
= LSM “F KLLHH LL = [dim 2 6]

data = A =101 - 10" GeV
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Precision Tests as Probes for New Physics

Searches for new physics (at energy scale \):

1. Colliders 2. Precision Tests
E i A f/ T " AE m n
T B e (A)

i

Especially powerful for tests of “fundamental symmetries .

e.q. T (or CP), Lepton no., Flavour, Lorentz, etc.

e.qg. lepton number violation

The Standard Model (above the EVV scale) allows a single

dimension five operator: .
M,=—Y
o A
L= Logy+ KLLHH L; + |dim > 6]

data = A =101 - 10" GeV
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In this talk ...

« baryogenesis

. %eneric phases in

_.we'll look at new CP-odd thresholds < {
UV completions” of SM

LASSUH‘I ption: non-CKM CP-violation is “irrelevant’ ]

OCP motivated e.g. by success of CKM interpretation
[ S et b E n } of CP-viclation in K and B-meson mixing, and
SM A"

constraints on new soft-SUSY phases
» can It resolve the problems which motivate new
CP-odd sources” (e.g. baryogenesis)

« what Is the threshold sensitivity”?

— sensitivity through EDMs
of neutrons, and para - and

H=—dS-E : .
] ’ [ dia-magnetic atoms and
T molecules (violate 1 P)
,i 7 4 g p

-~




Experimental Status

Neutron EDM d,| <3x 10 e cm [Baker et ¢
Thallium EDM | | 0%
(paramagnetic) :
Mercury EDM | | . 5 .

y Equ =20 w1 -St’ cm Eomahs et al
(diamagnetic) ' -

NB: Small SM background (via CKM phase)
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Future experimental progress

* Paramagnetic atoms & molecules

PbO

d, ~ 10 e cm

YbF

29

d,~ 10 " e cm

solid state ( garnet)

— 3
d,~ 10 ""ecm

* Neutron

UCN bottle (Hg comag)

d,~1x10"""ecm

UCN 1 hiquid He4d

=
(He3 comag)

d,~1x10"ecm

* Diamagnetic atoms

-

e

dgpg ~ 5 X 10 2% em

Liqud Xe

dy.~ 10" e cm

Deuteron

Pirsa:j06060007
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Classification of CP-odd operators at 1GeV

Effective field theory Is used to provide a model-independent
parametrization of CP-violating operators at 1GeV

'L.'ll'

o ()
L= EMJ %
i

Dimension 4: 6a,GG

é — Bn “-—Arng?f(Mq)

Dimension “6”: > aqForsg - Y d,gGovysq + deeF oyse +wg ;GGG

g =ut.d .3 g it.cd.5
Dimension “8”: S Cdadirsq +Coedqeivse +- -
g=u.d.s
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Classification of CP-odd operators at 1GeV

Effective field theory Is used to provide a model-independent
parametrization of CP-violating operators at 1GeV

C; “ali}
= ZM‘I _4Od
Dimension 4: [(6}.GG
L =
0 = 0p +ArgDet(M,)

Dimension “6” |dofF ovsq + b E}Gﬁﬁ—'sq Hd JeF oyse {wk’GGG

g=iu.d.s g=it.d.s

Dimension “8’: > qc?fviq +}fféi*f5e fihs

g=u.d.s

irsa: 06060007 Page 11/26



Energy

TeV

QCD

nuclear

pifdkGdddetnr

atoms (d7;) atoms (dHE)

Origin of the EDMs

Fundamental
CR phases

Y

@ (qu Cc,_rq | 8 d,inr J 4 ]

~ i
e &
\\ >
~ J_,".

~
w #
- -
w
-

e ey ( pion-nucleon N‘ Neutron
ﬁ,, ~._ |coupling (gﬂf\ EDM (d,)
Y "F, FS e l
EDMs of EDMs of
paramagnetic diamagnetic
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Computations

1. Tl EDM (paramagnetic) (atomic)

7

3 [Liu & Kelly '92: Khatsymovsky
L -

2. neutron EDM (chiralPT, NDA, QCD sum rules, ...) = (6] <107

)

[ dy~ (0.4+0.2)[4dy — d, + 2.7e(dy+0.5d,) + - - -] + O(ds, w, Cpq) ]

. Hg EDM (diamagnetic) (atomic+nuclear+QCD)
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[ dpg ~ 10 dpyc ~ —3 % 10‘”5{m—3 + 0(d.,C,q) ]

)

= Zan(dy) ~ (1 —6)(d, —dy) + O(d,+dy,ds,w)
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Constraints on TeV-Scale models

* E.G. MSSM: In general, the MSSM contains many new parameters,
Including multiple new CP-violating phases, e.g.

AL~ 4®11Hf; -I—@Hle + h.c.
T (@}.gh* —-—@}whﬁ —]—@}\.])‘\.]) -+ hic.
*-.H]CILJQR_;+P1-£ E Fil

% With a universality assumption. 2 new

physical CP-odd phases {0,.04}

Compiex — CP-odd phas:
=

» EG:1-loop EDM contribution:

” Jf
r~ %% B g d I pmg;
d -, > g E7% sin®,
- . ", 1672 MP

F
—

7<
..... ososooorc]; s M dr M ~ sfermiori‘fridss




SUSY threshold sensitivity

If soft terms conserve CP & flavour to avoid fine-tuning, what
Is the sensitivity to irrelevant operators (new thresholds) ?

Dim 5:
- N
W = Whessu + 22 (HH,)? +—QULE + ¥ 0u oD - barsqn
— v+ —(H H;)” + | / + seesaw + barygQn
MSSM A 4 A A “
k S

« Contributions to e.g. EDMs will scale as "dim=5"
T g7
f

ds~

'msmft/\
- Sensitivity depends on flavor structure of Y™
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SUSY CP Constraints

Decoupling 1st/2nd generation

—~ o

i 2y

e L | ::._ f~ | _._:j o =] -'_.\.._,. —
- = 1,.b! -
Ol ] ; = erd
1% - . gty s -
Ao _E-ﬂ__g"? o g L'dl €
— e

MSSM
parameter space

phases < O(107° — 1)

split SUSY

h *-\_.-_T b i o, ¥
L E 2 — =7
g.e q.c g.¢ g2
! LN .
TN 8T
[Barr '92; Lebedev & 5 i "
| Pospelov '02] e Iarge tanlj 2 HDM \“"*"’f

1 B
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SUSY threshold sensitivity

If soft terms conserve CP & flavour to avoid fine-tuning, what
Is the sensitivity to irrelevant operators (new thresholds) ?

o

Dim 5:
f 5,
W =W, Y g B+ QULE + Y QU oD barsan
— ' St ——titytig) -+ / = i W Q1
MSSM T3 i s A seesaw + bar
. J

- Contributions to e.g. EDMs will scale as “"dim=5"
™ ¢t
f

ds~

Mo f/\
« Sensitivity depends on flavor structure of Y™
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SUSY threshold sensitivity

Dimension-3,6 operators generated at the soft threshold

W& >|< Y AZH; +pH, ) b é ~
_ - .
’ \\ / "\

E I i ¥ L1
%) ':--;}I P £
[zf&me ~m,= A > 107°GeV \ ; \ -~
1\ {f \\ /.-‘
L Yo {—Hl' Y9
¢ d
% ' V
Fomy) Fowy
% (X
F L &
& % o
(&) ;{ ‘\ L7 Q ; [
F % ¥ b
Fa %
r % L)
i L & ’ vod
-+ 4 & —&
A Ya H Y
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SUSY threshold sensitivity

Dimension-3,6 operators generated at the soft threshold

\&) >I< Y (AZHS + pH,) (6} é 0
-"'-“ N ot = -
V' 1‘Fw r \\

Q. B o
[ﬁ&m{, ~m,= A> l()ﬁGeV] i ' N
v ! 1
i l'u;.fr' {-2 '} e
0 - (d
& ol s
X7 X
F o» N
' % : T4
Q. T Q [
£ % ¥ ) %
% £
# % i
u 7 “. S ."
-
i ) Az Ya H

dri(Cs),due(Cs) . u — €

= A > 10%GeV
\_ Y

Pirsa: 06060007 Page 19/26




SUSY threshold sensitivity

operator |sensitivity to A ( (?'r{a-ﬂ\"}l source
} f;il ~ 10° naturalness of m.
Im(Y.2 =1z ~ 10 naturalness of 8. d,,
iy .) 16" —10° T1, Hg EDMs
¥ e Kyrn 10" — 1{}‘”‘_2 [t — € conversion
Im(Y 9?) B 100 Hg EDM
Im(yp) 02— 10" d. from T1 EDM

Models: e.g. MSSM + extended Higgs sector

RIS
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Minimal EW Baryogenesis

(nb:S.Qx 10—“]

The SM satisfies, In principle, all 3 Sakharov criteria for baryogenesis

BUT - m, too large for a strong 1st order PT [Kajantie &t 2

+ insufficient CP-vioclation [Gavela et al. “94]

Alternatives:

« EWBG still possible in the MSSM —needs one light stop, a large M1-
phase, and a rather tuned spectrum

| eptogenesis —decoupled from EW scale, difficult to test
2 ~2 —43
de(m) ~m.m G ~ 10" e cm

’
" : - 0 . P~ —
| a= — e en ey e g L [N

Pirsa: 06060007 |lAFenamopallil qINeck] & Fospe|C Jd Page 21/26



Minimal EW Baryogenesis

— What is the minimal SM modification required for viable EWBG ? (%)
Z + :
A; (H'H)t“HQs
B J -v el :—.;______
Y Huber et al ‘03]

require A ~ Acp ~ 400 — 800 GeV’ |

N
8L =——(H H)’ +
-

— makes predictions for the top-Higgs coupling, cf. LHC

Questions:
Tuning of other operators at such low thresholds 7

Do EDM bounds really allow such a scenario ?

rsa: 06060007 * NB: Can also flip sign of quartic Higgs coupling Page 22126



Barr-Zee diagrams

o = =
4 = g
o s
e =
1 o)
; —
'.I ... _:.
\ . - X
P , A -
e - \"‘.._\_ ___"'A = bt o
7, &, ] A i T T A -
— d e = e Fot
i ) f

CP-odd top-Higgs coupling Assuming MFV structure
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Constraints
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Next-generation EDM sensitivity:

[mym3nﬂ
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Concluding Remarks

® Precision tests can play a crucial role in probing fundamental symmetries
at scales well beyond the reach of colliders.

@ EDMs currently provide stringent constraints on CP-phases in the
soft-breaking sector of the MSSM.
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Concluding Remarks

® If the soft sector Is real, EDMs and other precision flavor physics
provide impressive sensitivity to new SUSY thresholds.

next generation tests will push the scale close
to that of RH neutrinos, etc.

® Current EDM bounds still allow for electroweak baryogenesis in a
minimal dim=6 extension of the SM.

next-generation expts will provide a conclusive test.
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