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General Considerations

Flavor Physics in the LHC era

High energy experiments are the key tool to determine the
energy scale Λ by direct production of NP particles.

Low energy experiments are a fundamental ingredient to
determine the symmetry properties of the new d.o.f. via
their virtual effects in precision observables.
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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

See talks by Ciuchini, Masiero & Soni

Processes predicted with high precision in the SM

EWPO as ∆ρ, (g − 2)µ....

LU in R
e/µ
M = Γ(K (π)→ eν)/Γ(K (π)→ µν)

See talks by Marciano and Spadaro
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B0
s,d → µ+µ− and NP

FCNC processes as B0
s,d → µ+µ− offers a unique possibility in

probing the underlying flavour mixing mechanism of NP

No SM tree-level contributions (FCNC decays)

CKM suppression → BR(B0
s,d → µ+µ−) ∼ |Vts(td)|2

Elicity suppression → BR(B0
s,d → µ+µ−) ∼ m2

µ

Dominance of short distance (e.w.) effects → SM
uncertainties well under control

B(Bs→µ+µ−)SM =4.1(8)×10−9 B(Bd→µ+µ−)SM =1.3(3)×10−10

High sensitivity to NP effects of many theories as SUSY,
2HDM, LHT, Z’, RS models.....

A(b → d)FCNC ∼ cSM
y2
t V ∗tdVtb

16π2M2
W

+ cNP
δ3d

16π2ΛNP
2

CKM 2008 P. Paradisi Implications on new physics from present (and future) limits



ape-logo infn-logo

General Considerations NP search strategies B0
s,d → µ+µ− and NP MFV @ large tan β ConclusionsBs → µ+µ− @ LHCb Bs → µ+µ− @ LHCb Theory of Bs,d → µ+µ− Bs → µ+µ− & CMFV

Bs → µ+µ− @ LHCb

ATLAS
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Bs → µ+µ− @ LHCb

Exclusion @ 90% CL Observation @ (3-5)σ
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Theory of Bs,d → µ+µ−

Effective Hamiltonian for Bs,d → µ+µ−

Heff
∆F=1 = Heff

SM + CSOS + CPOP + C ′SO ′S + C ′PO ′P + h.c.,

SM and CMFV current

Heff
SM = C10Q10 Q10 = b̄Lγ

µqL
¯̀γµγ5`,

Scalar currents (2HDM, SUSY)

OS = d
i
Rd j

L`` , OP = d
i
Rd j

L`γ5` ,

O ′S = d
i
Ld

j
R`` , O ′P = d

i
Ld

j
R`γ5` .
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Bs → µ+µ− & CMFV

THDM

Z

dj

di

H±

H±
t

MSSM

Z

dj

di

χ̃±

χ̃±
t̃

mUED

Z

dj

di

G±
(k)

a±(k)

Ut(k)

LHT

Z

dj

di

T+

t

G±

Zbb̄ → R0
b , Ab, A0,b

FB

Zdjd̄i → K+ → π+νν̄,
KL → π0νν̄,
KL → µ+µ−,
B̄ → Xd ,sνν̄,
Bd ,s → µ+µ−

Zdjd̄i vs Zbb̄

Observable CMFV (95%CL) SM (95%CL) Exp.

B(Bd→µ+µ−)×1010 [0.36, 2.03] [0.87, 1.27] < 1.8×102

B(Bs→µ+µ−)×109 [1.17, 6.67] [2.92, 4.13] < 5.8×101

Haisch & Weiler ’07
CKM 2008 P. Paradisi Implications on new physics from present (and future) limits
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MFV @ large tan β

The CKM is the only source of flavor and CP violation also
beyond the SM

Leff. = LGauge(Ai ,Ψi )+LHiggs(Ai ,Ψi , φi )+
∑
d≥5

cn

Λd−4
Od

n (Ai ,Ψi , φi )

LSM = LGauge + LHiggs= all possible operators with d ≤ 4
(renormalizable) compatible with the Gauge symmetry.∑

d≥5
cn

Λd−4 O
d
n =most general parameterization of the new

(heavy) d.o.f as long as we perform low-energy experiments.

LYukawa = Q̄LYDDRHD + Q̄LYUURHU + L̄LYLERHD + h.c

YU = mU

<HU>
, YD,L =

mD,L

<HD>
=

mD,L

<HU>
tanβ.

For tanβ = O(mt/mb) >> 1 → Yt ∼ Yb ∼ 1.
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MFV @ large tan β

Hu                      Hd

Hu
*

t

Hu                      Hd

Hu
*

~                    ~ 

tR                 tL
~              ~

a)   b)

dL                                         dR dL                                         d

2HDM SUSY

Leff
d = dRYd

[
Hd +

(
ε0 + εY YuY

†
u

)
H∗u
]
QL + h.c. ,

Leff
FCNC ∼

mdk

MW
y2
t Vk3V

∗
3j εYt2

β

[
cα−βh0 + sα−βH0 − iA0

]
d

k
Rd j

L + h.c.

ε2HDM
Y ' 1

tβ

log(m2
t /m

2
H+)

16π2
εSUSY

Y ' µAt̃/m
2
t̃

16π2
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B-physics Phenomenology in MFV

tanβ ∼ (30− 50), MH ∼ (300− 500)GeV, Mq̃ ∼ (1− 2)TeV

∼ (10− 30)% suppression up to 10× enhancement
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B-physics Phenomenology in MFV

tβ ∼ (30− 50), MH ∼ (300− 500)GeV, Mq̃ ∼ (1− 2)TeV

∼ (0− 10)% suppression up ∼ (0− 20)% enhancement
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B-physics Phenomenology in MFV

Loop induced processes

Br(Bs → µ+µ−) ' 6× 10−8

(
400GeV

MH

)4
(
µAU

m2
q̃

)2(
tβ
50

)6

(∆MBs )

(∆MBs )SM
' 1− 3× 10−2

(
µAU

m2
q̃

)2(
tβ
50

)4(400GeV
MH

)2

.

Tree level process

Br(B→`ν)

Br(B→`ν)SM
'
(

1− 0.3

(
tβ
50

)2(400GeV
mH±

)2
)2

Br(B→τν)/(∆MBd
) ∼ (Vub/Vtd)2/B̂d = (sinβ/ sin γ)2/B̂d

Br(B→τν) ∼ |Vub|2f 2
B [Isidori & P.P., ’06]
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The MH-tan β plane

mSUSY = −2At̃ = 1TeV
CKM 2008 P. Paradisi Implications on new physics from present (and future) limits
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Bs → µ+µ− vs ∆Ms

SM
sM∆/sM∆

0 0.5 1 1.5 2

)]- µ + µ 
→ s

[B
R

(B
10

lo
g

-10

-9

-8

-7

-6

-5

-4

 excl.∅CDF + D
(95% CL)

 excl.∅CDF + D
(95% CL)

 = 200 GeV
A

 = 50,   Mβ > 0,   tan µ

MFV MSSM GENERAL MSSM

Buras et al.’02,’07 Foster et al. ’06
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Bs → µ+µ− vs Bd → µ+µ− in MFV
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Powerful probe of MFV (Hurt et al. ’08)
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LU at a (Super)B factories

R
µ/e
τ = Γ(τ → µνν̄)/Γ(τ → eνν̄)

Rµ/e
τ ' 1− 10−3

(
tβ
50

)2(200GeV
MH±

)2

Mursula et al. ’83

R
τ/`
B→D = Γ(B → Dτν)/Γ(B → D`ν)

Hou ’92, Tanaka ’95, Kiers & Soni ’97

R
τ/µ
B→D

R
τ/µ
B→D |SM

' 1− 0.3

(
tβ
50

)2(200GeV
MH±

)2

Nierste et al.’08, Kamenik & Mescia ’08

see talk by Westhoff
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SUSY MFV scenario @ large tan β

How natural is the MFV SUSY scenario @ large tanβ?

Top-Bottom Yukawa unification in GUT ⇒ tanβ = (mt/mb)

mh > 114GeV constraint better satisfied

∆aµ = (g − 2)µ/2 = (3± 1)× 10−9 naturally explained

WMAP constraints ”naturally” satisfied Ellis et al.

Correlations between B(B → τν) and B(B → Xsγ), ∆MBs ,
B(Bs,d → `+`−), (g − 2)µ and mh0

Isidori, P.P., ’06
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Lightest Higgs boson mass WMAP & (g − 2)µ
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(
400GeV

m̃

)2( tβ
50

)
sign µ

µ=500 GeV

50

100

150

200

250

300

350

400

450

500

200 400 600 800 1000 1200

 MH

coannihilation

M
1

������� ���� �
	�

������� ���� �
	���� 

� � �

tβ = 20 (green), 30 (red), 50 (black) Isidori et al., 06’,’07

CKM 2008 P. Paradisi Implications on new physics from present (and future) limits



ape-logo infn-logo

General Considerations NP search strategies B0
s,d → µ+µ− and NP MFV @ large tan β ConclusionsMFV @ large tan β B-physics Phenomenology in MFV B-physics Phenomenology in MFV B-physics Phenomenology in MFV The MH -tan β plane Bs → µ+µ− vs ∆Ms Bs → µ+µ− vs Bd → µ+µ− in MFV LU at a (Super)B factories SUSY MFV scenario @ large tan β Lightest Higgs boson mass WMAP & (g − 2)µ Constraints B-physics & (g − 2)µ under WMAP constraints

Constraints

B→ Xsγ: [1.01 < RBsγ < 1.24]

aµ : [2 < 10−9(aexp
µ − aSM

µ ) < 4]

B→ µ+µ− : [Bexp < 8.0× 10−8]

∆MBs : [∆MBs = 17.35± 0.25 ps−1]

B → τν : [0.8 < RBτν < 0.9]

CKM 2008 P. Paradisi Implications on new physics from present (and future) limits
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B-physics & (g − 2)µ under WMAP constraints

MH ∼ 2M1 Isidori, Mescia, P.P., Temes, 07
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Conclusions

Where to look for New Physics?

B0
s,d → µ+µ− and B → `ν are still discovery channels and

they represent a unique probe for SUSY even in the elegant
(but pessimistic) MFV framework

A careful study of correlations, i.e. BR(B → `ν)/∆Ms,d ,
BR(B0

s,d→µ+µ−)/∆Ms,d , BR(B0
s→µ+µ−)/BR(B0

d→µ+µ−)
etc. is a powerful tool to probe/disentangle NP scenarios.

⇓
The synergy of Flavor Physics, Dark Matter, EWPO tests
and the LHC will represents the best way to shed light on

NP.

CKM 2008 P. Paradisi Implications on new physics from present (and future) limits
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