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What for? What’s new? What’s next? How does it work? What do we get?

What for?

SuperIso is a public C program

• dedicated to the flavour physics observable calculations

• aimed to provide to everyone the possibility to do the
calculations in different models

• based on the most precise calculations publicly available in the
literature

F. Mahmoudi, Comput. Phys. Commun. 180 (2009) 1579, arXiv:0808.3144
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What for? What’s new? What’s next? How does it work? What do we get?

Models

Standard Model

General Two Higgs Doublet Model

automatic interface with 2HDMC for

• General 2HDM and Types I, II, III, IV

MSSM (with Minimal Flavour Violation)

automatic interfaces with Softsusy and Isajet available for

• CMSSM, NUHM, AMSB, GMSB

NMSSM

automatic interface with NMSSMTools available for

• CNMSSM, NNUHM, NGMSB
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What for? What’s new? What’s next? How does it work? What do we get?

Observables

Observables

1) Penguin mediated observables

• inclusive branching ratio of B → Xsγ

• isospin asymmetry of B → K ∗γ
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Observables

Isospin asymmetry of B → K
∗γ at NLO
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In the Standard Model: ∆0− ≃ 8%
Kagan and Neubert, Phys. Lett. B539, 227 (2002)
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Observables

Inclusive branching ratio of B → Xsγ at NNLO

B(B̄ → Xsγ)Eγ>E0 = B(B̄ → Xceν̄)exp
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Misiak and Steinhauser, Nucl. Phys. B764 (2007)

SM prediction: B[B̄ → Xsγ] = (3.07 ± 0.23) × 10−4
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What for? What’s new? What’s next? How does it work? What do we get?

Observables

Observables

2) Neutral Higgs mediated observable

• branching ratio of Bs → µ+µ−
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Observables

Branching ratio of Bs → µ+µ−
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Upper limit: B(Bs → µ+µ−) < 5.8× 10−8 at 95% C.L. (CDF 2008)

SM predicted value: B(Bs → µ+µ−)SM ∼ 3 × 10−9

Interesting in the high tanβ regime, where the SUSY contributions
can lead to an O(100) enhancement over the SM:

B(Bs → µ+µ−)MSSM ∼
m2

bm
2
µ tan6 β

M4
A
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What for? What’s new? What’s next? How does it work? What do we get?

Observables

Observables

3) Charged Higgs mediated observables

• branching ratio of B → τν

• branching ratio of B → Dτν

• branching ratio of K → µν

• branching ratios of Ds → τν/µν
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Observables

Branching ratio of B → τν

Tree level process, mediated by W + and H+, higher order
corrections from sparticles
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Large uncertainty from Vub

Also implemented in SuperIso:
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Observables

Branching ratio of B → Dτν

Another tree level process:
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• Depends on Vcb, which is known to better precision than Vub

• Larger branching fraction than B → τν

• Experimentally challenging due to the presence of neutrinos in
the final state

Implemented in SuperIso: B(B− → D0τ−ν) and
B(B− → D0τ−ν)

B(B− → D0e−ν)
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Observables

Branching ratio of K → µν

Tree level process similar to B → τν

Two observables are implemented in SuperIso:
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Large uncertainty from fK/fπ
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Observables

Branching ratio of Ds → ℓν

Tree level process similar to B → τν
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for ℓ = µ, τ

• Competitive with and complementary to analogous observables

• Dependence on only one lattice QCD quantity

• Interesting if lattice calculations eventually prefer fDs
< 250 MeV

• Promising experimental situation (BES-III)

Sensitive to fDs
and ms/mc
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Observables

Observables

4) Other observables

• collider mass limits

• muon anomalous magnetic moment (g − 2)µ

• dark matter relic density
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What’s new?

• Version 2.6: current MSSM and 2HDM version
• improved (g − 2) calculation
• extension to 2HDM
• interface with 2HDMC

• version 3.0: current NMSSM version
(including also MSSM and 2HDM)

• extension to NMSSM
• interface with NMSSMTools

• Updated user manual (80 pages)
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What’s new?

2HDM types I–IV

• Type I: one Higgs doublet provides masses to all quarks (up and down
type quarks) (∼ SM)

• Type II: one Higgs doublet provides masses for up type quarks and the
other for down-type quarks (∼ MSSM)

• Type III,IV: different doublets provide masses for down type quarks and

charged leptons

Type λU λD λL

I cot β cot β cot β
II cot β − tanβ − tanβ
III cot β − tanβ cot β
IV cot β cot β − tanβ
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What for? What’s new? What’s next? How does it work? What do we get?

What’s new?

General 2HDM

• all Yukawa couplings have been extended to the
General 2HDM

• interfaced with 2HDMC

• automatic calculations in Types I–IV

• possibility to work in more general 2HDM scenarios

• usage of a SLHA inspired format for the 2HDM
inputs
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What’s new?

NMSSM

• all formulas have been extended to the NMSSM

• interfaced with NMSSMTools

• automatic calculations in the CNMSSM, NNUHM
and NGMSB

• fully compliant with the NMSSM SLHA2 format

F. Mahmoudi, Comput. Phys. Commun. 180 (2009) 1718
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What’s new?

SuperIso Relic

with Alexandre Arbey

• all coannihilation diagrams included

• squared amplitudes computed with FormCalc

• interfaced with FeynHiggs

• inclusion of cosmological scenarios beyond the
standard model

• public version and manual available on
http://superiso.in2p3.fr/relic

A. Arbey and F. Mahmoudi, arXiv:0906.0369
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What’s next?

New observables

• forward-backward asymmetry in B → K ∗ℓ+ℓ−

• B0
(s,d) − B̄0

(s,d) mixings: ∆MBs,d

New models

• Non Minimal Flavour violation

• CP violation

• R parity violation?

Relic density

• many ideas: new models, new features, ...
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How does it work?
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Results

2HDM (Types I–IV)
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F. Mahmoudi and O. St̊al, arXiv:0907.1791
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Results

NUHM
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A. Akeroyd & F. Mahmoudi, JHEP 0904 (2009), 121, arXiv:0902.2393
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Results

CNMSSM
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Conclusion

Conclusion

• SuperIso program provides the possibility to calculate
many flavour observables in different models

• Indirect constraints from flavour observables are
essential to restrict new physics parameters

• That will become even more interesting when
combined with LHC data

The interplay between flavour and collider physics will hopefully be
very rich in the next few years.
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Backup

Observable Combined experimental value 95% C.L. Bound

BR(B → Xsγ) (3.52 ± 0.23 ± 0.09) × 10−4 2.15 × 10−4 ≤ BR(b → sγ) ≤ 4.89 × 10−4

∆0(B → K ∗γ) (3.1 ± 2.3) × 10−2 −1.7 × 10−2 < ∆0 < 8.9 × 10−2

BR(Bu → τντ ) (1.41 ± 0.43) × 10−4 0.39 × 10−4 < BR(Bu → τντ ) < 2.42 × 10−4

Rτντ 1.28 ± 0.38 0.52 < Rτντ < 2.04

BR(B → D0τντ ) (8.6 ± 2.4 ± 1.1 ± 0.6) × 10−3 2.9 × 10−3 < BR(B → D0τντ ) < 14.2 × 10−3

ξDℓν 0.416 ± 0.117 ± 0.052 0.151 < ξDℓν < 0.681

BR(Bs → µ+µ−) < 5.8 × 10−8
BR(Bs → µ+µ−) < 6.6 × 10−8

BR(K → µν)

BR(π → µν)
0.6358 ± 0.0011 0.6257 <

BR(K → µν)

BR(π → µν)
< 0.6459

Rℓ23 1.004 ± 0.007 0.990 < Rℓ23 < 1.018

BR(Ds → τντ ) (5.7 ± 0.4) × 10−2 4.8 × 10−2 < BR(Ds → τντ ) < 6.6 × 10−2

BR(Ds → µνµ) 5.8 ± 0.4 × 10−3 4.9 × 10−3 < BR(Ds → µνµ) < 6.7 × 10−3

δaµ (2.95 ± 0.88) × 10−9 1.15 × 10−9 < δaµ < 4.75 × 10−9
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