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Motivations

Motivations

Searches for New Physics

direct detection of new physics particles

nature of Dark Matter

indirect evidence for new physics

Indirect constraints

search for new physics effects

guideline for other searches

check consistencies with direct observations
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SUSY Constraints

Where to look for?

SUSY models can be divided into two categories:

R-parity conserving models

R-parity violating models

R-parity conserving models can also be divided according to how SUSY
breaks:

mSUGRA {m0, m1/2, A0, tan β, sign(µ)}
NUHM {mSUGRA parameters + MA and µ}
AMSB {m0, m3/2, tanβ, sign(µ)}
GMSB {Λ, Mmess, N5, cgrav, tanβ, sign(µ)}

In these models, SUSY effects always appear in loops

→ difficult to detect unless the SM process is absent or loop-mediated.
→ Good places to look for: B − B̄ mixing, b → sγ, ...
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SUSY Constraints

SUSY Constraints

In this talk:

BR(B → Xsγ)

∆0(B → K ∗γ)

BR(B → τν)

BR(B → D τν)

BR(K → µν)

SuperIso v2.2
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B → Xsγ

b → sγ transitions
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B → Xsγ

b → sγ transitions

Charged Higgs loop always adds constructively to the SM penguin

Chargino loops can add constructively or destructively

if constructive, great enhancement in the BR(b → sγ)

BR is the interesting observable

if destructive, other interesting observables

CP asymmetry

ACP =
BR(B̄ → Xsγ) − BR(B → Xsγ)

BR(B̄ → Xsγ) + BR(B → Xsγ)

Isospin asymmetry

∆0− =
BR(B̄0 → K̄ ∗0γ) − BR(B− → K ∗−γ)

BR(B̄0 → K̄ ∗0γ) + BR(B− → K ∗−γ)
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B → Xsγ

Effective Hamiltonian

The calculation of b → sγ observables begins with introducing an effective

Hamiltonian:

Heff = −4GF√
2

V ∗
tsVtb

8
∑

i=1

Ci(µ)Oi (µ)


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

O1 = (s̄LγµT acL)(c̄Lγ
µT abL) O2 = (s̄LγµcL)(c̄LγµbL)

O3 = (s̄LγµbL)
∑

q(q̄γµq) O4 = (s̄LγµT abL)
∑

q(q̄γµT aq)

O5 = (s̄Lγµ1γµ2γµ3bL)
∑

q(q̄γµ1γµ2γµ3q)

O6 = (s̄Lγµ1γµ2γµ3T
abL)

∑

q(q̄γµ1γµ2γµ3T aq)

O7 =
e

16π2
mb(s̄Lσ

µνbR)Fµν O8 =
g

16π2
mb(s̄Lσ

µνT abR)G a
µν
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B → Xsγ

Wilson Coefficients

Two main steps:

Calculating C eff
i (µ) at scale µ ∼ MW by requiring matching between

the effective and full theories

C eff
i (µ) = C

(0)eff
i (µ) +

αs(µ)

4π
C

(1)eff
i (µ) + · · ·

Evolving the C eff
i (µ) to scale µ ∼ mb using the RGE:

µ
d

dµ
C eff

i (µ) = C eff
j (µ)γeff

ji (µ)

driven by the anomalous dimension matrix γ̂eff (µ):

γ̂eff (µ) =
αs(µ)

4π
γ̂(0)eff +

α2
s (µ)

(4π)2
γ̂(1)eff + · · ·
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B → Xsγ Inclusive Branching ratio

Inclusive Branching ratio

B[B̄ → Xsγ]Eγ>E0
= B[B̄ → Xceν̄]exp

∣
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∣

∣

V ∗

tsVtb

Vcb

∣

∣

∣

∣

2
6αem

πC
[P(E0) + N(E0)]
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Γ[B̄ → Xceν̄]

Γ[B̄ → Xueν̄]

P(E0) = P
(0)(µb) + αs(µb)

[

P
(1)
1

(µb) + P
(1)
2

(E0, µb)
]

+ α2

s (µb)
[

P
(2)
1

(µb) + P
(2)
2

(E0, µb) + P
(2)
3

(E0, µb)
]

+ O
(

α3

s (µb)
)
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P(0)(µb) =
(
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Misiak and Steinhauser, Nucl. Phys. B764 (2007)
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B → Xsγ Inclusive Branching ratio

Inclusive Branching ratio

Theoretical values for the SM:
NLO (Gambino & Misiak ’02): B[B̄ → Xsγ] = (3.60 ± 0.30) × 10−4

NNLO (Misiak & Steihauser ’07): B[B̄ → Xsγ] = (3.15±0.23)×10−4

or (Becher & Neubert ’07): B[B̄ → Xsγ] = (2.98 ± 0.26) × 10−4

or (Gambino & Giordano ’08): B[B̄ → Xsγ] = (3.30 ± 0.24) × 10−4

Experimental values:
PDG 2002: B[B̄ → Xsγ] = (3.30 ± 0.40) × 10−4

HFAG 2008: B[B̄ → Xsγ] = (3.52 ± 0.25) × 10−4
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Experimental values:
PDG 2002: B[B̄ → Xsγ] = (3.30 ± 0.40) × 10−4

HFAG 2008: B[B̄ → Xsγ] = (3.52 ± 0.25) × 10−4

Big changes in both the theoretical and experimental

values of the branching ratio!
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B → Xsγ Isospin Asymmetry

Isospin Asymmetry

∆0− ≡ Γ(B̄0 → K̄ ∗0γ) − Γ(B− → K ∗−γ)

Γ(B̄0 → K̄ ∗0γ) + Γ(B− → K ∗−γ)
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B → Xsγ Isospin Asymmetry

Isospin Asymmetry

∆0− ≡ Γ(B̄0 → K̄ ∗0γ) − Γ(B− → K ∗−γ)

Γ(B̄0 → K̄ ∗0γ) + Γ(B− → K ∗−γ)

∆0− = Re(bd − bu) .
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ac
7 = C7 +
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(
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)

+
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C1(µh)H1(sp) + C8(µh)H8

)

In the Standard Model: ∆0− ≃ 8%

Kagan and Neubert, Phys. Lett. B539, 227 (2002)

Bosch and Buchalla, Nucl. Phys. B621, 459 (2002)
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B → Xsγ Isospin Asymmetry

Experimental data

BABAR
∆0− = +0.050 ± 0.045(stat) ± 0.028(syst) ± 0.024(R+/0)

Aubert et al. (BABAR Collaboration) Phys. Rev. D72 (2005)

BELLE
∆0+ = +0.012 ± 0.044(stat) ± 0.026(syst)

Nakao et al. (BELLE Collaboration) Phys. Rev. D69 (2004)

Allowed Region: −0.018 < ∆0− < 0.093
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B → Xsγ

Results

mSUGRA

M. Ahmady & F. Mahmoudi, Phys. Rev. D75 (2007) F. Mahmoudi, JHEP 0712, 026 (2007)
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B → Xsγ

Results

mSUGRA NUHM

M. Ahmady & F. Mahmoudi, Phys. Rev. D75 (2007) F. Mahmoudi, JHEP 0712, 026 (2007)
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B → Xsγ

Results

AMSB

F. Mahmoudi, JHEP 0712, 026 (2007)
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B → Xsγ

Results

AMSB GMSB

F. Mahmoudi, JHEP 0712, 026 (2007)
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B, K → lν

B → τν

Tree level with W + and H+, higher order corrections from sparticles

ντ

u

b̄

W
+

τ

ντ

u

b̄

H
+

τ

BR(B → τν) =
G

2
F |Vub|

2

8π
m

2
τ f

2
B mB

„

1 −
m

2
τ

m2
B

«2 ˛

˛

˛

˛

1 +
m

2
B

m2
H+

tan2 β

1 + ǫ0 tanβ

˛

˛

˛

˛

2

Vub is poorly determined

R ≡ BR
exp/BR

SM = 1.07 ± 0.42

Interesting constraints on the charged Higgs
mass
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B, K → lν

B → Dτν

Another tree level process: b c

q̄

τ

ν̄

W−

b c

q̄

τ

ν̄

H−

dΓ(B → Dℓν)

dw
=

G2
F
|Vcb|

2m5
B

192π3
ρV (w)

2

41 −
m2

ℓ

m2
B

˛

˛

˛

˛

˛

1 −
t(w)

(mb − mc)

mb

m2
H+

tan2 β

1 + ǫ0 tan β

˛

˛

˛

˛

˛

2

ρS (w)

3

5

w = vB · vD ρV and ρS : vector and scalar Dalitz density contributions

BR(B− → D
0τ−ν)

BR(B− → D0e−ν)
= 0.295 ± 0.180

(Babar ’07)

Also interesting constraints on the charged
Higgs mass, complementary to B → τν
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B, K → lν

K → µν

Possible to use K decays (quite similar to B → τν)

Γ(K → µν)

Γ(π → µν)
=

˛

˛

˛

˛

˛

Vus

V
ud

˛

˛

˛

˛

˛

2
f 2

KmK

f 2
πmπ

 

1 − m2

ℓ/m2

K

1 − m2

ℓ
/m2

π

!

2
0

@1 −

m2

K+

M2

H+

„

1 −

m
d

ms

«

tan2 β

1 + ǫ0 tan β

1

A

2

(1 + δem)

Combined experimental and SM constraint: R
exp/SM

l23 = 1.004 ± 0.014

Main difficulty: large uncertainty on the
hadronic parameters
FlaviaNet Kaon Working Group, arXiv:0801.1817
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(1 + δem)

Combined experimental and SM constraint: R
exp/SM

l23 = 1.004 ± 0.014

Main difficulty: large uncertainty on the
hadronic parameters
FlaviaNet Kaon Working Group, arXiv:0801.1817

A small increase in the error would
remove the constraint
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Combined constraints

Combined constraints

+Hm
100 200 300 400 500 600

β
ta

n

0

10

20

30

40

50

60

black: direct constraints

blue: BR(B → Xsγ)

yellow: BR(B → τν)

dark green: BR(K → µν)

green: non-excluded

D. Eriksson, F. Mahmoudi, O. Stål, in preparation
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SuperIso

SuperIso v2.2

A public C–program for calculating different observables in supersymmetry

automatic calculation in mSUGRA, NUHM, AMSB and GMSB
scenarios

compatible with the SUSY Les Houches Accord Format (SLHA2)

modular program, with a well-defined structure

Nazila Mahmoudi (Uppsala U.) TOOLS 2008 July 1st, 2008 19 / 24



SuperIso

SuperIso v2.2

A public C–program for calculating different observables in supersymmetry

automatic calculation in mSUGRA, NUHM, AMSB and GMSB
scenarios

compatible with the SUSY Les Houches Accord Format (SLHA2)

modular program, with a well-defined structure

Nazila Mahmoudi (Uppsala U.) TOOLS 2008 July 1st, 2008 19 / 24



SuperIso

SuperIso v2.2

A public C–program for calculating different observables in supersymmetry

automatic calculation in mSUGRA, NUHM, AMSB and GMSB
scenarios

compatible with the SUSY Les Houches Accord Format (SLHA2)

modular program, with a well-defined structure

Nazila Mahmoudi (Uppsala U.) TOOLS 2008 July 1st, 2008 19 / 24



SuperIso

SuperIso v2.2

A public C–program for calculating different observables in supersymmetry

automatic calculation in mSUGRA, NUHM, AMSB and GMSB
scenarios

compatible with the SUSY Les Houches Accord Format (SLHA2)

modular program, with a well-defined structure

Nazila Mahmoudi (Uppsala U.) TOOLS 2008 July 1st, 2008 19 / 24



SuperIso

SuperIso v2.2

Observables implemented in version 2.2

isospin asymmetry of B → K ∗γ at NLO

inclusive branching ratio of B → Xsγ at NNLO

branching ratio of BR(B → τν)

branching ratio of BR(B− → D0τ−ν) and
BR(B− → D0τ−ν)

BR(B− → D0e−ν)

BR(K → µν)

BR(π → µν)
and Rℓ23

anomalous magnetic moment of muon
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SuperIso

SuperIso v2.2

User
provided

User
provided

AMSB
parameters

GMSB
parameters

NUHM
parameters

Softsusy

SLHA file

SLHA reader

C-structure
Parameters

Excluded masses
Wilson

coefficients

B → Xsγ

NNLO

Isospin
asymmetry
B → K ∗γ

Charged
LSP

mSUGRA
parameters

Isajet

Muon (g − 2)µ

B → τν

B → Dτν

K → µν
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SuperIso

SuperIso v2.2

Can be downloaded from:
http://www3.tsl.uu.se/∼nazila/superiso/

Manual:
F. Mahmoudi, arXiv:0710.2067, Comput. Phys. Commun. 178, 745 (2008)

For more information:
F. Mahmoudi, JHEP 0712, 026 (2007)

M. Ahmady & F. Mahmoudi, Phys. Rev. D75 (2007)
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Perspectives and conclusions

SuperIso

Ongoing developments and perspectives:

extension to NMSSM

addition of other B Physics constraints (such as Bs → µ+µ−, ...)

extension to NMFV

...
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Perspectives and conclusions

Conclusions

Indirect constraints and in particular flavor physics are essential to
restrict new physics parameters

That will become even more interesting when combined with LHC data

Isospin asymmetry provides new valuable information

SuperIso includes already various flavor observables

Many new constraints are still to be exploited

This kind of analysis should be generalized to more new physics
scenarios
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