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Probing new physics through flavour

L = LSM +
∑
i

c
(d)
i

Λ4−d
O

(d)
i

Flavour physics al lows to probe new physics through virtual contributions to low
energy precision observables:

Operator made of
SM fields

New physics scale
(waiting for LHC input! )

Effective coupl ing
(depends on NP flavour structure)
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Bounds on new physics flavour structure

Operator Bounds on ci (Λ = 1 TeV) Observables

Re Im

(̄sLγ
µdL)

2 9× 10−7 3× 10−9 ∆mK ; εK

(̄sR dL)(̄sLdR) 7× 10−9 3× 10−11 ∆mK ; εK

(c̄Lγ
µuL)

2 6× 10−7 1× 10−7 ∆mD ; |q/p|,φD

(c̄R uL)(c̄LuR) 6× 10−8 1× 10−8 ∆mD ; |q/p|,φD

(b̄Lγ
µdL)

2 3× 10−6 1× 10−6 ∆mBd
; SψKS

(b̄R dL)(b̄LdR) 6× 10−7 2× 10−7 ∆mBd
; SψKS

(b̄Lγ
µsL)

2 8× 10−5 ∆mBs

(b̄R sL)(b̄LsR) 1× 10−5 ∆mBs

[I sidori , N ir, Perez 1002.0900]
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The flavour puzzle(s)

The NP flavour puzzle: the flavour structure of TeV new physics must be
highly non-generic.
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The flavour puzzle(s)

|VCKM| ∼ æ æ ææ æ æ æ æ æ
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1. Are there sources of flavour breaking beyond the ones in the
SM or not (= Minimal Flavour Violation)?

2. Are there sources of CP violation beyond the CKM phase?

The SM flavour puzzle: even the flavour structure of the Standard Model is
h ighly non-generic!

The NP flavour puzzle: the flavour structure of TeV new physics must be
highly non-generic.
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Outline

• Bs,d → µ+µ−

• CP violation in Bs mixing

• B → K∗`+`−

2. Selected highl ights in the early LHC era

3. A case for precision flavour physics

• Supersymmetry with hierarchical squark masses

1. Introduction
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Bs ,d →µ+µ− decays

Strongly helicity suppressed decays that wi l l be measured by LHCb

SM and many models with 1 Higgs doublet: dominated by Z penguin

mode SM exp. 95% C.L.

BR(Bs → µ+µ−) (3.2± 0.2)× 10−9 < 43× 10−9

BR(Bd → µ+µ−) (0.10± 0.01)× 10−9 < 7.6× 10−9

Enhancement of Bs → µ+µ− above ∼ 10−8 ruled out by other constraints
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Bs ,d →µ+µ− in the MSSM

∼ mbm`

M2
A

µAt

M2
t̃

tanβ3
MSSM with MFV:

In models with 2 Higgs doublets, the hel icity suppression can be l ifted by neutral
Higgs penguin
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Bs ,d →µ+µ− in the MSSM

∼ mbm`

M2
A

µAt

M2
t̃

tanβ3
MSSM with MFV:

Several SUSY scenarios predict a large enhancement of BR(Bs → µ+µ−)
and would be in trouble if no evidence is found this year (e.g. SUSY
GUTs with Yukawa uni�cation)

I n models with 2 Higgs doublets, the hel icity suppression can be l ifted by neutral
Higgs penguin
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Bs →µ+µ− vs. Bd →µ+µ−

A stringent test of the MFV paradigm:
BR(Bs → µ+µ−)

BR(Bd → µ+µ−)
=

|Vts |2

|Vtd |2
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SUSY flavour model [Altmannshofer et al . 0909.1333]
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Bs →µ+µ− vs. Bd →µ+µ−

MSSM-AC
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A stringent test of the MFV paradigm:
BR(Bs → µ+µ−)

BR(Bd → µ+µ−)
=

|Vts |2

|Vtd |2

4th generation SM [Buras et al . 1002.2126] SUSY flavour models [Altmannshofer et al . 0909.1333]
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New physics in Bs mixing?

as
SL

≡ Γ (B̄s→l+X )−Γ (Bs→l−X )

Γ (B̄s→l+X )+Γ (Bs→l−X )

+
Γ (B̄s→ψφ)−Γ (Bs→ψφ)
Γ (B̄s→ψφ)+Γ (Bs→ψφ)

= Sψφ sin(∆Ms t)

Mixing-induced CP asymmetry in Bs → J/ψφ

Semi-leptonic asymmetry

2 observables for the Bs mixing phase

1.

2.

→

–1° ?

= ∆Ms
2 e i(−2βs+φNPs )
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HFAG
End 09

2.3σ  from SM

-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0

New physics in Bs mixing?

1 year ago: 2.2σ deviation in Sψφ

2 observables for the Bs mixing phase

1.

= ∆Ms
2 e i(−2βs+φNPs )
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New physics in Bs mixing?

 (rad)                 sβ
-1 0 1

) 
   

   
   

   
   

  
-1

 (
ps

Γ∆

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

-1
CDF Run II Preliminary        L = 5.2 fb

95% CL

68% CL

SM prediction

deviation in Sψφ recently dropped below 1σ

2 observables for the Bs mixing phase

1.

= ∆Ms
2 e i(−2βs+φNPs )



David Straub (Scuol a Norma l e) La Thu i l e 2011

New physics in Bs mixing?

3.2σ deviation in dimuon

charge asymmetry at D0
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Minimal Flavour Violation

Flavour bl ind CPV phases

Two Higgs doublets

MSSM

Large φs possible Large φs not possible

no

no

no

no yes

yes

yes

yes

Implications of a large Bs mixing phase

Which classes of models can generate a
large mixing phase?

see e.g.
[Buras, I sidori , Paradisi 1007.5291]

[Lenz, N ierste & CKMfitters 1008-1593]
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Minimal Flavour Violation

Flavour bl ind CPV phases

Two Higgs doublets

MSSM

Large φs possible Large φs not possible

no

no

no

no yes

yes

yes

yes

Implications of a large Bs mixing phase

Sψφ

tanβ

A large Bs mixing
phase would rule out
a large class of MFV
models!

Which classes of models can generate a
large mixing phase?

[Altmannshofer et al . 0909.1333]
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Correlations between Sψφ and Bs →µ+µ−
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2HDM [Buras, I sidori , Paradisi 1007.5291]

Correlations between Sψφ and Bs →µ+µ−

-1.0 -0.5 0.0 0.5 1.0
2

5

10

20

50

SM

CDF 95% C.L.



David Straub (Scuol a Norma l e) La Thu i l e 2011

Correlations between Sψφ and Bs →µ+µ−
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Correlations between Sψφ and Bs →µ+µ−
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2HDM [Buras, I sidori , Paradisi 1007.5291]
SUSY flavour models [Altmannshofer et al . 0909.1333]

Correlations between Sψφ and Bs →µ+µ−
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2HDM [Buras, I sidori , Paradisi 1007.5291]
4 generations [Buras et al . 1002.2126] SUSY flavour models [Altmannshofer et al . 0909.1333]

Correlations between Sψφ and Bs →µ+µ−
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B→ K ∗`+`−

d4Γ

dq2 d cos θl d cos θK∗ dφ
=

∑
i ,a

I
(a)
i (q2)f (θl , θK∗ ,φ)

S
(a)
i (q2) =

(
I
(a)
i (q2) + Ī

(a)
i (q2)

)/
d(Γ + Γ̄ )

dq2

B → K∗(→ Kπ)`+`− o�ers a plethora of observables sensitive to new physics

CP-averaged angular coefficients
(e.g. forward-backward asymmetry)

CP asymmetriesA
(a)
i (q2) =

(
I
(a)
i (q2)− Ī

(a)
i (q2)

)/
d(Γ + Γ̄ )

dq2
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B→ K ∗`+`−

• dBR/dq2

• S6 (AFB)
• S2 (FL)
• S3

• A9

B → K∗(→ Kπ)`+`− o�ers a plethora of observables sensitive to new physics

Observables requiring angular fit with
1 angle (state of the art) 2 angles (early LHC) al l 3 angles

• S5

• A7

• S4

• A8data from BaBar,
Bel le, CDF

0 in the SM
sensitive to RH currents
no data yet
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B→ K ∗`+`−: LHC sensitivity
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[Altmannshofer, Bal l , Bharucha, Buras, Straub, DS, 0811.1214][Bharucha, Reece, 1002.4310]
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B→ K ∗`+`−: low vs. high q 2

1

2

3

4

5

0
0 5 10 15 20

both regions under reasonable theoretical control
and phenomenological ly complementary

[Beyl ich, Buchal la, Feldmann 1101.5118]

recent theory improvements

see also [Bobeth et al . 1006.5013]
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Outline

• Bs,d → µ+µ−

• CP violation in Bs mixing

• B → K∗`+`−
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2. Selected highl ights in the early LHC era

3. A case for precision flavour physics

• Supersymmetry with hierarchical squark masses
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Effective Minimal Flavour Violation

I f weak scale SUSY exists, why didn' t it show up in flavour & CPV?

SUSY flavour problem SUSY CP problem

MFV
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Effective Minimal Flavour Violation

I f weak scale SUSY exists, why didn' t it show up in flavour & CPV?

SUSY flavour problem SUSY CP problem

MFV Effective SUSY

“Effective MFV”

• all sfermions except stops and left-handed sbottom are heavy
• squark mass matrices aligned with up-type Yukawa matrix
• large �avour-blind CPV phases allowed

[Barbieri , Bertuzzo, Farina, Lodone, Zhuridov 1011.0730; Barbieri , Lodone, DS 1102.0726]
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Electric dipole moments in EMFV

Flavour bl ind phases lead to contributions to electric d ipole moments.

mν̃ > 4.0 TeV × (sinφµ tanβ)
1
2

mũ > 2.7 TeV × (sinφµ tanβ)
1
2

1-loop contributions suppressed by heavy 1st
generation sfermions

2-loop contributions lead to
effects in the bal lpark of the
experimental bound

Exp.: |de | < 1.6×10−27 e cm , |dn| < 2.9×10−26 e cm
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CP asymmetries in EMFV

CP violating contributions to dipole operators not suppressed by 1st/2nd generation
sfermion masses

Direct CP asymmetry

in B → Xsγ
A7, A8 in B → K∗`+`− Mixing-induced CP as.

in B → (φ, η′)KS

Only accessible at (Super) B factories!

e.g.
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EMFV results I

Electron EDM vs. Sη′KS
, scanning over . . .

phase of µ phase of trilinear couplings

[Barbieri , Lodone, DS 1102.0726]tanβ < 10, mf̃3
∈ [200, 700] GeV
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EMFV results II

CP asymmetry A7 in B → K∗`+`− vs. Sη′KS
, scanning over . . .

phase of µ phase of trilinear couplings

[Barbieri , Lodone, DS 1102.0726]tanβ < 10, mf̃3
∈ [200, 700] GeV
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EMFV results III

CP asymmetry in B → Xsγ vs. Sη′KS
, scanning over . . .

phase of µ phase of trilinear couplings

NB: SM theory uncertainty possibly large [Benzke et al . 1012.3167]
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Conclusions

1. Flavour physics offers a unique way to look for new physics.
Exciting results should be expected already in the first LHC run, including
(but not l imited to)

• Bs,d → µ+µ−

• the Bs mixing phase

• B → K∗`+`−

2. MFV combined with hierarchical sfermions can solve the SUSY flavour and
CP problems.
I t leads to interesting signatures in

PS There are many other interesting probes of NP in the flavour sector!

K physics, D physics, lepton �avour violation, top FCNCs, . . .

• electric dipole moments

• CP asymmetries in B physics accessible at Super B factories




