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New physics appears as a necessity:

e cosmological problems: dark matter, dark energy

o hierarchy problem in the Standard Model
e unification of interactions
® .-

Many realistic theoretical models beyond the SM!
e Need for constraints!

Let's take Supersymmetry as an example.
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Conclusion

SUSY Constraints

The most used constraints:

e Collider limits
e Electroweak precision tests

e The anomalous magnetic moment of the muon (g — 2),

Da, = 22" = ap® —apM = (29.5 +8.8) x 10710
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SUSY Constraints

The most used constraints:

e Collider limits
e Electroweak precision tests

e The anomalous magnetic moment of the muon (g — 2),
Aa, = a3 = a7 —a3M = (29.5+8.8) x 10710

e B Physics
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B Physics

Cosmological constraints, in particular from WMAP and the
relic density
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A good strategy to find the information on SUSY particles would

e to look at where the SM contributions are vanishingly small,
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B Physics

A good strategy to find the information on SUSY particles would
be

e to look at where the SM contributions are vanishingly small,

e to study processes for which QCD corrections are known with
high accuracy

e and branching ratios can be measured precisely.

[=> Rare B decays are IDEAL CHOICES for that! )
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Constraints from B Physics

Conclusion

e b — s7 transition: very sensitive to new physics

o forbidden at the tree level in SM and can only be induced via
loop diagrams,

e SM contributions are vanishingly small,

e branching ratios have been extensively used to constrain
SUSY parameter space
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Superlso

Results

Constraints from B Physics

Conclusion

e b — s7 transition: very sensitive to new physics

o forbidden at the tree level in SM and can only be induced via
loop diagrams,

e SM contributions are vanishingly small,

e branching ratios have been extensively used to constrain
SUSY parameter space

e Study another observable: isospin asymmetry

e already measured by BELLE and BABAR

e calculable with the publicly available code Superlso
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The calculation of b — s observables begins with introducing an
effective Hamiltonian:

4G 8
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(5Lvu T )(Ey* T2hy) (Bryuer) (et br)
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Os4 = (317, T?b1) >-4(@7" T?q)
= (S V2 Yus bL) D2 (G172 q)
O6 = (317 Vpus T2b1) 224 (G7H17H24#5 T2q)
0; =

€ < v
@mb(suﬂ‘ bR)F

g = v Ta a
v Og = W’TU,(SLO’“ T bR)Gul/
o & = E E 9DaAe
Nazila Mahmoudi PHOTON 09



Introduction Superlso Results Conclusion

O0000e

Wilson Coefficients

Two main steps:
o Calculating C# (1) at scale ju ~ My by requiring matching
between the effective and full theories

G () = O () + S GO )

e Evolving the C-eff(p) to scale u ~ myp using the RGE:

M e () = G ()™ (1)

2 eff (

driven by the anomalous dimension matrix 4" (u):

R « ~ « ~
,yeff('u) _ Z(N) (0)eff + (275/;2)7(1)6’? 4+ ..
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B[B - XSPY]EW>E0 = B[B - XCeD]exp

Vis Vi
Vcb

2
6em

7C

[P(Eo) + N(Eo)]
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B[B - XSPY]EW>E0 = B[B - XCeD]exp

ViVip | 6ctem
P(Eo) + N(E
Vo | C [P(Eo) + N(Eo)]
Vi |* T[B — XceD]
| V| T[B — X,er]
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Inclusive Branching ratio

= = _ ViV, ? 60tem
BB — XerlE, > = B[B — XeeTluwy | = 22 [P(Es) + N(Eo)]
>T[B — X.e?]
cb r[B — X eu]
P(E) = PO(us)+as(is) [P (o) + PV (Eo. )|

+ a2(uv) [PP (o) + P (Eo, 1s) + PP (Eo, )] + O (03 (1))
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Inclusive Branching ratio

= = ViV | 6 em
B[B — Xorle, 6 = BIB — Xeeluwy | =22 | =2 [P(E0) + N(E)]
>T[B — X.eil
cb r[B — X eu]
P(Eo) = PO (us) + as(iis) [P (116) + P (Eo, )]

+ a2(us) [ PP (o) + P (Eo, p16) + PP (Eo,1v)] + O (02 (1))

PO = ("))

PP (s) = 2607 (o) G (1)

PP) = (€M ()" + 267 () G (1)

Misiak and Steinhauser, Nucl. Phys. B764 (2007) oy <@ = = = Sac

Nazila Mahmoudi PHOTON 09



Introduction B — Xsv Superlso Results Conclusion
oe

Inclusive Branching ratio

Inclusive Branching ratio

e Theoretical values for the SM:

NLO (Gambino & Misiak '02): B[B — Xs7] = (3.60 & 0.30) x 10~*
NNLO (Misiak & Steihauser '07): B[B — X;7] = (3.15+0.23) x 10~*
or (Becher & Neubert '07): B[B — X;v] = (2.98 £ 0.26) x 10~*

or (Gambino & Giordano '08): B[B — X.y] = (3.30 £0.24) x 10~*

e Experimental values:

PDG 2002: B[B — Xs7] = (3.30 + 0.40) x 1074
HFAG 2008: B[B — Xs7] = (3.52+0.25) x 10~*

Big changes in both the theoretical and experimental values!

Allowed Region: 2.15 x 107* < B[B — Xs7] < 4.89 x 1074
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Isospin Asymmetry

Isospin Asymmetry

[(B® — K*%9) — (B~ — K*~) : =
Bo- = (B0 _ K*0 [(B- — K ° 3 a “

(B° = K*97) + (B~ — K*™9) y

Ao_ = Re(bd — bu) .
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Isospin Asymmetry

M(B° — K*%) — (B~ — K* ™)

A= _ _ B = K
O T T(BY = K*0y) + (B~ — K*7) —
Ao_ = Re(bd — bu) .
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q mp Tf_’K*ag (mb 1+ 6)\BmB 2)
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[(B® — K*0y) —(B~ — K* ) ° °
AO_ = = = — — B q 3 K’
M(BY — K*0y) + (B~ — K* ) S
Ao_ = Re(bd — bu) .

1272 fg Qq
by =

fJ‘* fK* m
B—K* ¢ Ki+
mp Tl as mp
C
a§ = C7 + as(‘,‘lﬁ F

— K
6)\BmB 2)

S C
(GLmGi(sp) + Co() Ga) + LD
In the Standard Model: Ag_ ~ 8%

(Gulun)Hh(50) + Caln) )
Kagan and Neubert, Phys. Lett. B539, 227 (2002)

Bosch and Buchalla, Nucl. Phys. B621, 459 (2002)
Ali and Parkhomenko, Eur. Phys. J. C23, 89 (2002) o & - = T ol
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Isospin Asymmetry

Experimental data

BABAR
Ao_ = +0.029 & 0.019(stat) & 0.016(syst) & 0.018(R+/°)

Aubert et al. (BABAR Collaboration) arXiv:0808.1915

BELLE
Aoy = +0.012 £ 0.044(stat) + 0.026(syst)

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

| Allowed Region: —0.017 < Ag_ < 0.089|
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Superlso v2.5

Superlso is a public C program

e dedicated to the flavor physics observable calculations

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

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

F. Mahmoudi, arXiv:0710.2067, Comput. Phys. Commun. 178 (2008)
F. Mahmoudi, arXiv:0808.3144, Comput. Phys. Commun. (2009)
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1) Penguin mediated observables

e inclusive branching ratio of B — Xsvy
e isospin asymmetry of B — K*~y
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Implemented Observables

1) Penguin mediated observables
e inclusive branching ratio of B — Xsvy
e isospin asymmetry of B — K*~y

2) Neutral Higgs mediated observable

e branching ratio of B — ptpu~
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Implemented Observables

1) Penguin mediated observables

e inclusive branching ratio of B — Xsy
e isospin asymmetry of B — K*~y

2) Neutral Higgs mediated observable

e branching ratio of B — ptpu~

3) Charged Higgs mediated observables

branching ratio of B — 7v
branching ratio of B — D7v
branching ratio of K — pv
branching ratios of Dy — Tv/uv
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4) Other observables
e collider direct limits

e muon anomalous magnetic moment (g — 2),,

e dark matter relic density (Superlso Relic, with A. Arbey)
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Standard Model
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Standard Model

General Two Higgs Doublet Model
Type II,
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Implemented models

Standard Model

General Two Higgs Doublet Model

° Type II,

MSSM (with Minimal Flavor Violation)
automatic interfaces with Softsusy and Isajet available for:
e CMSSM, NUHM, AMSB and GMSB

Yo >
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Superlso

Calculation of flaver physics observables in supersymmetry

Superiso is a program for calculation of flavar physics observables in the minimal supersymmetric extension of the

Standard Model (MSSM). Superlso, in addition to the isospin asymmetry of B -> K* gamma, which was the main
+ Manual purpose of the first version, incorparates other flavar observables such as the branching ratio of B -> Xs gamma at
NNLO, the branching ratio of Bs -> mu+ mu-, the branching ratio of B -> tau nu, the branching ratio of B -> D tau nu
and the branching ratia of K-> mu nu. It also computes the muon anomalous magnetic moment (g-2)

+ Description

For the isospin asymmetry, the program calculates the NLO supersymmetric contributions using the effective
Hamiltonian approach and within the QCD factorization method. Isospin asymmetry is a particularly useful observable
to constrain supersymmetric parameter spaces

+ Description

in2p3.fr

Wanual

ISO

Superlso uses a SUSY Les Houches Accord file (SLHA1 or SLHA2) as input, which can be either generated
automatically by the program via a call to SOF TSUSY or ISAJET, or provided by the user.

> superiso

-
(D]
o
3
s 5
\
~—

Superiso is able to perform the calculations automatically in different supersymmetry breaking scenarios, such as
mSUGRA, NUHM, AMSE and GMSB

WThe latest version of the manual ean be found here (05/03/2009).

» Supsriso Relic

Superlso Relic shared

For more information:

http

£ Mahmoudi, arXiv.0710 3791 [hep-phl, JHEP12 (2007), 026

« MR. Ahmady and F. Mahmoud, hep-ph/0608212, Phys. Rev. D75 (2007}, 015007

« A Arbey and F. Mahmoui, arxiv:0803.0741 [nep-phl, Phys. Lett. B 669 (2008}, 46
 D. Eriksson, F. Mahmoudi and O. Stél, arxiv.0808.3551 [nep-phl, JHEP 11 (2008), 035
« AG. Akeroyd and F. Mahmoudi, arxiv.0902 2353 [hep-ph], JHEPO4 (2009), 121
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mSUGRA

Ag=-m, tanf=30 p>0

>
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M. Ahmady & F. Mahmoudi, Phys. Rev. D75 (2007)
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Results

mSUGRA NUHM

tan =30

>

Ay=-mg p>0 NUHM m;=1000 m,,=500 A,=0 tanp=35

1000 2000
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800 1600
700 1400
5 600 571200
© ©
9. 500 2.1000
° <
E 400 E 00
300 600
3
200 S 400
o
100 fri Charged LSP 200
0 0.08 L] S R IR
100 200 300 400 500 600 700 800 900 1000 -500 0 500 1000 1500 2000
m,, [GeV] 1 [GeV]
M. Ahmady & F. Mahmoudi, Phys. Rev. D75 (2007) F. Mahmoudi, JHEP 0712, 026 (2007)
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Results

AMSB

AMSB  m;=500 GeV <0

My, [TeV]

Excluded

10 20 30 40 50 60
tanf

F. Mahmoudi, JHEP 0712, 026 (2007)
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AMSB  mg=500 GeV <0 GMSB A=100TeV Ni=1 Cg,=1 >0
101l
10°
C 1012
£ 11
%’ = 10
= C 10"
-
é, ; 10°
C s B T
- e
L kol Il
[ Excluded 107 £ d
L 10°
L P T TS T S S S
10 20 30 40 50 60 10 20 30 40 50 60
tanf tan

F. Mahmoudi, JHEP 0712, 026 (2007)
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NUHM
NUHM ~ m =500 GeV ~ m,,=500GeV ~A;=0 =500 GeV
50
£ Direct limits.
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A. Akeroyd & F. Mahmoudi, JHEP 0904, 121 (2009) - = =
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Conclusion

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

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

e b — s7 transitions and in particular isospin
asymmetry provide valuable information
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Conclusion

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

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

e b — s7 transitions and in particular isospin
asymmetry provide valuable information

Perspectives

New observables:
e forward-backward asymmetry in B — K*{T/~
o B(os’d) = B&d) mixings: AMp,_

New Models:

e Non Minimal Flavor violation
e CP violation
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Backup

Observable Combined experimental value 95% C.L. Bound
BR(B — Xs7) (3.52+0.23 £ 0.09) x 10~ 2.15 x 107* < BR(b — s7) < 4.89 x 10~
Ao(B — K*v) (3.1+23) x 1072 —1.7x107% < A < 8.9 x 1072

BR(B, — 7v7)

Rev,

(1.41+0.43) x 104
1.28+0.38

0.39 x 10°* < BR(B, — 7v;) <242 x 1074
0.52 < R, <204

BR(B — Drv,)

Epuw

(8.6+24+1.1+0.6) x 1073
0416 + 0.117 + 0.052

2.9 x 1073 < BR(B — D%7v;) < 142 x 1073
0.151 < €pygy < 0.681

BR(Bs — ptp~) < 6.6 x 1078

BR(Bs — ptp™) <58x1078
BR(K — ) BR(K — uv)
) 0.6358 = 0.0011 0.6257 < BROr ) 0.6459
Ri3 1.004 = 0.007 0.990 < Rpp3 < 1.018

BR(Ds — ;)
BR(D; — p1,)

(5.7+£0.4) x 1072
5.840.4 x1073

4.8 x 1072 < BR(Ds — 7v;) < 6.6 x 1072
4.9 x 1073 < BR(Ds — pv,) < 6.7 x 1073

day,

(2.95 +0.88) x 109

115 x 1079 < day, < 475 x 10~°

] = =
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Superlso

Results
GMSB
p

( NUHM
arameters) P

arameter:

J

Conclusion

mSUGRA
arameters parameters
Softsusy
TUser v
1 provided 3
" User
I provided ™

Excluded masses
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