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NP search strategies

Where to look for New Physics?

Processes very suppressed or even forbidden in the SM

FCNC processes (µ → eγ, τ → µγ, B0
s,d → µ+µ−, K → πνν̄)

CPV effects (electron/neutron EDMs, de,n....)

CPV in Bs,d decay/mixing amplitudes

Processes predicted with high precision in the SM

EWPO as ∆ρ, (g − 2)µ....

LU in Re/µ
M = Γ(K (π) → eν)/Γ(K (π) → µν)
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SM success
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Impressive confirmation
of the KM mechanism for CP violation
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Minimal Flavor Violation
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Minimal Flavour Violation

SM without Yukawa interactions: SU(3)5 global flavour symmetry

SU(3)u ⊗ SU(3)d ⊗ SU(3)Q ⊗ SU(3)e ⊗ SU(3)L

Yukawa interactions break this symmetry

Proposal for any New Physics model:

Yukawa structures as the only sources of flavour violation

⇓

Minimal Flavour Violation
Notice that MFV allows for new CPV phases!
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Hints for new sources of CP violation?

1 CP Asymmetry in B → ψKS and sin 2β
d b

b d

t

t

W± W±
Bd B̄d

Vtd

Vtd

b c

d

c
s

d

W±
B̄d

ψ

K

◮ Tree level decay → sensitivity to the phase of the mixing
amplitude without NP in the decay amplitude

◮ in SM: Arg(Md
12) = Arg(V 2

td) = 2β

sin 2β
SM
= Sexp.

ψKS
= 0.680 ± 0.025

◮ In the SM also loop induced modes like B → φKS and
B → η′KS give the same value

SSM
φKS

= SSM
η′KS

= SSM
ψKS

= sin 2β

Sexp.
φKS

= 0.39 ± 0.17 Sexp.
η′KS

= 0.61 ± 0.07

⇒ New Phases in decays?

sin(2β) ≡ sin(2φ1)
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BaBar
PRL 99 (2007) 171803
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Belle J/ψ K0

PRL 98 (2007) 031802
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Belle ψ(2S) KS
arXiv:0708.2604
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Average
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0.680 ± 0.025
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CP violation & EDMs
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CP violation & EDMs
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A Flavor Blind MSSM with CP Violating Phases

In a FBMSSM there are no additional flavor structures beyond the CKM
but new flavor blind CP Violating Phases are allowed. We assume
universal squark masses and diagonal trilinear couplings.

Parameters of a flavor blind MSSM
◮ Higgs sector: tanβ, MH±

◮ Higgsino mass: µ

◮ Gaugino masses: M1, M2, M3

◮ squark masses: m2
Q , m2

U , m2
D

◮ trilinear couplings: Ad , As, Ab , Au , Ac , At

The Higgsino and Gaugino masses as well as the
trilinear couplings can in general be complex.

Observables only depend on µMi & µAi .

W. Altmannshofer, A. J. Buras & P. P ’08
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Most important constraints: EDMs and b → sγ

dexp.
e . 1.6 × 10−27ecm

dSM
e ≃ 10−38ecm

dexp.
n . 2.9 × 10−26ecm

dSM
n ≃ 10−32ecm

◮ In the MSSM, EDMs can be induced already at the 1loop level
→ typically tight constraints on CP violating phases

◮ Example: Gluino contribution to the up-quark EDM

uR uL

ũR ũL

g̃ g̃
Mg̃

muA∗
u

γ

−
uL uR

ũL ũR

g̃ g̃
M∗

g̃

muAu

γ

du ≃
eg2

s

16π2
mu

Im(Mg̃A∗

u )

m̄4
ũ

F

 

|Mg̃ |
2

m̄2
ũ

!

Constraints can be avoided by e.g.

◮ hierarchical trilinear couplings Au,c ≪ At , Ad,s ≪ Ab

◮ heavy 1st and 2nd generation of squarks

But: sizeable effects in flavor observables still possible, as 3rd generation squarks enter
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Most important constraints: EDMs and b → sγ

Chang, Keung, Pilaftsis ’98

2-loop Barr-Zee type diagrams generating both lepton and quark EDMs

◮ sensitive to 3rd generation of squarks

◮ decouple with 1/max(M2
A0 ,m2

t̃
)

e, q e, qe, q

t̃L t̃R

t̃R

µ

mtAt

A0 γ

γ

+

e, q e, qe, q

t̃R t̃L

t̃L

−µ∗

mtA∗
t

A0 γ

γ

df ∝ Im(µAt )

→ Constraint on Im(µAt )
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Most important constraints: EDMs and b → sγ

BR[B → Xsγ]
exp. = (3.52 ± 0.25) × 10−4 HFAG ’08

BR[B → Xsγ]
SM = (3.15 ± 0.23) × 10−4 Misiak et al. ’06

◮ b → sγ amplitude is helicity suppressed

◮ typically large NP effects, even in a FBMSSM with low tan β

Cχ̃
±

7,8 (µSUSY) ≃ m2
t

m̄4
t̃

Atµ tanβ × f7,8

(

|µ|2
m̄2

t̃

)

bR sL

t̃L t̃R

H̃d H̃u
µ

mtAt

γ, g

BR[B → Xsγ] ∝ |CSM
7 (mb) + CNP

7 (mb)|2 ≃ |CSM
7 (mb)|2 + 2Re(CSM

7 (mb)CNP
7 (mb))

→ Constraint on Re(µAt )
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CP Asymmetries in B → φKS and B → η′KS

b s

d

s
s

d

C7,8

γ, gB̄d
φ

K

Time dependent CP
Asymmetries in decays of
neutral B mesons to final CP
Eigenstates

ACP(t, φKS) =
Γ(B(t) → φKS) − Γ(B̄(t) → φKS)

Γ(B(t) → φKS) + Γ(B̄(t) → φKS)

= CφKS
cos(∆Md t) − SφKS

sin(∆Md t)

SφKS
= −

2Im(ξφKS
)

1 + |ξφKS
|2

, ξφKS
= e−iArg(Md

12) A(B̄ → φKS)

A(B → φKS)

◮ sizeable, correlated effects in SφKS
and Sη′KS

◮ larger effects in SφKS
as indicated by the data

◮ for SφKS
≃ 0.4, lower bounds on the electron and

neutron EDMs:

de & 5 × 10−28ecm , dn & 8 × 10−28ecm

ABP’08
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Direct CP Asymmetry in b → sγ

Soares ’91; Kagan, Neubert ’98

Absγ
CP =

Γ(B̄ → Xsγ) − Γ(B → Xs̄γ)

Γ(B̄ → Xsγ) + Γ(B → Xs̄γ)

◮ arises first at order αs

◮ doubly Cabibbo and GIM suppressed in the SM

◮ sizeable value would be clear signal for NP

b s
C2

u, c g

γ

+

b s

C8

g

γ + · · ·

Absγ
CP (SM) ≃ (0.44+0.24

−0.14)% Hurth, Lunghi, Porod ’03

Absγ
CP (exp.) ≃ (0.4 ± 3.6)% HFAG

◮ Sign of Absγ
CP is correlated with sign of SφKS

◮ For SφKS
< SSM

φKS
⇒ 1% ≤ Absγ

CP ≤ 6%

ABP’08
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CP Violation in ∆F = 2 transitions

1 Phases in the Bd and Bs mixing amplitudes

◮ Leading NP contributions to Md
12 and Ms

12 turn out
to be insensitive to the new phases of a flavor
blind MSSM.

Arg(Md,s
12 ) ≃ Arg(Md,s

12 (SM))

→ SψKS
and Sψφ are SM like

ABP’08

2 CP violation in K mixing

◮ Also MK
12 has no sensitivity to the new phases

◮ Still, ǫK ∝ Im(MK
12) can get a positive NP

contribution up to 15%

◮ But only for a very light SUSY spectrum:
µ, mt̃1

≃ 200GeV
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Implications for direct searches of SUSY particles

◮ SφKS
≃ 0.4 implies µ . 600GeV and mt̃1 . 700GeV

◮ Absγ
CP & 2% implies µ . 600GeV and mt̃1 . 800GeV
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The Anomalous Magnetic Moment of the Muon

aexp.
µ = 1165920.80(63) × 10−9 Muon (g-2) collaboration

aSM
µ = 1165917.85(61) × 10−9 Miller et al. ’07

∆aµ = aexp.
µ − aSM

µ ≃ (3 ± 1) × 10−9

≃ 3σ discrepancy

A very rough formula for SUSY contributions to aµ

aSUSY
µ ≃ 1.5

„

tan β

10

« „

300GeV
mℓ̃

«2

sign(Re(µ)) × 10−9

with common SUSY mass mℓ̃

SφKS
≃ 0.4 naturally leads to aSUSY

µ ≃ few × 10−9
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Flavored EDMs
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Flavored EDMs
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Flavored EDMs

RG induced Flavor Violating interactions in SUSY GUTs

SUSY SU(5) [Barbieri & Hall, ’95]

(δq̃
LL)ij ∼ huhu†

ij ∼ h2
t V ik

CKMV kj∗
CKM → (δℓ̃RR)ij ≃ (δq̃

LL)ij

SUSY SU(5)+RN [Yanagida et al., ’95]

(δℓ̃LL)ij ∼ (hνhν†)ij & (δℓ̃RR)ij ∼ (huhu†)ij

SUSY SU(5)+RN [Moroi, ’00] & SO(10) [Chang et al., 02]

sin θµτ ∼
√

2
2

⇒ (δν̃LL)23 ∼ 1 ⇒ (δq̃
RR)23 ∼ 1
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Electron vs muon EDMs and BR(µ→ eγ)

Green (blue) points → BR(µ→ eγ) < 10−11(10−13)

Hisano, Nagai, P.P. and Shimizu, ’09
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Electron & muon EDMs vs BR(µ→ eγ) in SU(5)RN

Hisano, Nagai, P.P. and Shimizu, ’09

Paride Paradisi (TUM) SUSY and Electric Dipole Moments
Ringberg Workshop on New Physics, Flavor and Jets

/ 16



BR(µ→ eγ) in SU(5)RN and the LHC reach

hierarchical νL and NR , Ue3 = 0.1, MN3 = 10−13 GeV

Hisano, Nagai, P.P. and Shimizu, ’09
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Leptonic EDMs in SUSY GUTs

Hisano, Nagai, P.P., 06’,07’,08’
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The P-odd asymmetry in µ+ → e+γ

BR(ℓi → ℓjγ)

BR(ℓi → ℓjνi ν̄j)
=

48π3αem

G2
F

(

|Aℓiℓj

L |2 + |Aℓi ℓj

R |2
)

SUSY see-saw

Aµe
L =

α2

4π
tβ
m̃2

δL
µe

15
Aµe

R ≃ me

mµ

Aµe
L

SUSY SU(5)+RN

Aµe
L =

α2

4π
tβ
m̃2

δL
µe

15
Aµe

R = −αY

4π
tβ
m̃2

mτ

mµ

δL
µτδ

R
τe

30

A(µ+ → e+γ) =
|AL|2 − |AR |2
|AL|2 + |AR |2
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A(µ→ eγ) in SUSY SU(5)+RN

Hisano, Nagai, P.P. and Shimizu, ’09
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Conclusions

Where to look for New Physics?

CPV in b → s transitions like B → φKS , η
′KS ,Xsγ & Bs mixing

A correlated analysis among EDMs and FCNC-CPV observables
could shed light on the underlying mechanism for CPV in NP.

Evidence of leptonic EDMs and ℓi → ℓjγ would be a clear evidence
of NP

Leptonic EDMs and ℓi → ℓjγ can probe ΛNP > TeV, even beyond the
LHC reach

⇓
Flavor and/or CP violating observables, represent a comple mentary

tool to the LHC to discover or constrain NP .
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