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Introdu
tionIntrodu
tionNew physi
s appears as a ne
essity:
osmologi
al problems: dark matter, dark energyhierar
hy problem in the Standard Modeluni�
ation of intera
tionsThe hope is that LHC will �nd something new!New Physi
s!Many theoreti
al models beyond the SM, within rea
h of the LHC, alreadyexist in the market.Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 3 / 46



SupersymmetrySupersymmetrySupersymmetry (SUSY) is the best motivated and studied 
andidatefor physi
s beyond the Standard Model.It is based on a symmetry between fermions and bosonsMotivation of SUSY in Parti
le Physi
sUni�
ation of gauge 
ouplingsUni�
ation with gravitySolution of the hierar
hy problemCandidate for Dark MatterElegant...Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 4 / 46



SupersymmetryMSSMMinimal Supersymmetri
 extension of the Standard Model (MSSM): over100 free parameters!
։ phenomenologi
al studies are unfeasible!!SUSY breaking s
enariosmSUGRA {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, 
grav, tanβ, sign(µ)}

# Get as mu
h information as we 
an on these parameters!Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 5 / 46



SUSY ConstraintsSUSY ConstraintsThe most used 
onstraints:Collider limitsEle
troweak pre
ision testsThe anomalous magneti
 moment of the muon (g − 2)µ
∆aµ ≡ aSUSYµ ≡ aexpµ − aSMµ = (26± 16) × 10−10B Physi
sCosmologi
al 
onstraints, in parti
ular from WMAP and the reli
densityFarvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 6 / 46



SUSY ConstraintsExperimental limits
Lower bounds on sparti
le masses in GeV:Parti
le h0 χ01 l̃R ν̃e,µ χ±1 t̃1 g̃ b̃1 τ̃1 q̃RLower bound 111 46 88 43.7 67.7 92.6 195 89 81.9 250Yao et al. J. Phys. G33 (2006)
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SUSY ConstraintsConstraining the parametersmSUGRA
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SUSY ConstraintsB Physi
sA good strategy to �nd the information on SUSY parti
les would beto look at where the SM 
ontributions are vanishingly small,to study pro
esses for whi
h QCD 
orre
tions are known with higha

ura
yand bran
hing ratios 
an be measured in LHC at low luminosity.
⇒ Rare B de
ays are IDEAL CHOICES for that!Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 9 / 46
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SUSY ConstraintsConstraints from B Physi
sb −→ sγ transition: very sensitive to new physi
sforbidden at the tree level in SM and 
an only be indu
ed via loopdiagrams,SM 
ontributions are vanishingly small,bran
hing ratios have been extensively used to 
onstrain SUSYparameter spa
eStudy another observable: isospin asymmetryalready measured by BELLE and BABAR
al
ulable with the publi
ly available 
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B Physi
sE�e
tive HamiltonianThe idea of B −→ Xsγ de
ay begins with introdu
ing an e�e
tive Hamiltonian:
He� = −4GF√2 V ∗tsVtb 8

∑i=1 Ci(µ)Oi (µ)
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O1 = (s̄LγµT a
L)(
̄LγµT abL) O2 = (s̄Lγµ
L)(
̄LγµbL)O3 = (s̄LγµbL)∑q(q̄γµq) O4 = (s̄LγµT abL)∑q(q̄γµT aq)O5 = (s̄Lγµ1γµ2γµ3bL)∑q(q̄γµ1γµ2γµ3q)O6 = (s̄Lγµ1γµ2γµ3T abL)∑q(q̄γµ1γµ2γµ3T aq)O7 =
e16π2mb(s̄LσµνbR)Fµν O8 =

g16π2mb(s̄LσµνT abR)G a
µνFarvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 11 / 46



B Physi
sWilson Coe�
ientsC e�i (µ) = C (0)e�i (µ) +
αs(µ)4π C (1)e�i (µ) + · · ·The e�e
tive 
oe�
ients evolve a

ording to their RGE:

µ
ddµ
C e�i (µ) = C e�j (µ)γe�ji (µ)driven by the anomalous dimension matrix γ̂e� (µ):

γ̂e� (µ) =
αs(µ)4π γ̂(0)e� +

α2s (µ)

(4π)2 γ̂(1)e� + · · ·Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 12 / 46



B Physi
s Isospin AsymmetryIsospin Asymmetry
∆0− ≡ Γ(B̄0 → K̄ ∗0γ) − Γ(B− → K ∗−γ)

Γ(B̄0 → K̄ ∗0γ) + Γ(B− → K ∗−γ)

Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
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∆0− = Re(bd − bu) .bq =
12π2fB Qqmb TB→K∗1 a
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∆0− = Re(bd − bu) .bq =
12π2fB Qqmb TB→K∗1 a
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αs(µ)CF4π (C1(µ)G1(sp) + C8(µ)G8) +

αs(µh)CF4π (C1(µh)H1(sp) + C8(µh)H8)In the Standard Model: ∆0− ≃ 8%Kagan and Neubert, Phys. Lett. B 539, 227 (2002)Bos
h and Bu
halla, Nu
l. Phys. B 621, 459 (2002)Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
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B Physi
s Isospin AsymmetryContribution to Isospin Asymmetry
q
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B Physi
s Isospin AsymmetrySupersymmetri
 
ontributionsMSSM with minimal �avor violation (MFV)
→֒ no more �avor/CP violation than in SM

s

W±

u, c, tb s

H±

u, c, tb s

χ±

b ũ, c̃, t̃ sb

χ0, g̃

d̃, s̃, b̃

in MFV

∼ 0Cal
ulation of the 
oe�
ients at µ = MW :Ci(µ) = CW±i (µ) + CH±i (µ) + Cχ±i (µ)Gómez et al. Phys. Rev. D74, 015015 (2006)Degrassi et al. JHEP 12, 009 (2000)Ciu
hini et al. Nu
l. Phys. B 534, 3 (1998)Ciu
hini et al. Nu
l. Phys. B 527, 21 (1998)Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 15 / 46



B Physi
s SuperIsoSuperIso v2.0A publi
 C�program for 
al
ulating isospin asymmetry of B → K ∗γ insupersymmetry.
al
ulation of isospin asymmetry at NLO and in
lusive bran
hing ratioat NNLO,automati
 
al
ulation in mSUGRA, NUHM, AMSB and GMSBs
enarios,
ompatible with the SUSY Les Hou
hes A

ord Format,modular program, with a well-de�ned stru
ture.Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 16 / 46



B Physi
s SuperIsoSuperIso v2.0A publi
 C�program for 
al
ulating isospin asymmetry of B → K ∗γ insupersymmetry.
al
ulation of isospin asymmetry at NLO and in
lusive bran
hing ratioat NNLO,automati
 
al
ulation in mSUGRA, NUHM, AMSB and GMSBs
enarios,
ompatible with the SUSY Les Hou
hes A

ord Format,modular program, with a well-de�ned stru
ture.Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 16 / 46



B Physi
s SuperIsoSuperIso v2.0A publi
 C�program for 
al
ulating isospin asymmetry of B → K ∗γ insupersymmetry.
al
ulation of isospin asymmetry at NLO and in
lusive bran
hing ratioat NNLO,automati
 
al
ulation in mSUGRA, NUHM, AMSB and GMSBs
enarios,
ompatible with the SUSY Les Hou
hes A

ord Format,modular program, with a well-de�ned stru
ture.Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 16 / 46



B Physi
s SuperIsoSuperIso v2.0A publi
 C�program for 
al
ulating isospin asymmetry of B → K ∗γ insupersymmetry.
al
ulation of isospin asymmetry at NLO and in
lusive bran
hing ratioat NNLO,automati
 
al
ulation in mSUGRA, NUHM, AMSB and GMSBs
enarios,
ompatible with the SUSY Les Hou
hes A

ord Format,modular program, with a well-de�ned stru
ture.Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 16 / 46



B Physi
s SuperIsoSuperIso v2.0A publi
 C�program for 
al
ulating isospin asymmetry of B → K ∗γ insupersymmetry.
al
ulation of isospin asymmetry at NLO and in
lusive bran
hing ratioat NNLO,automati
 
al
ulation in mSUGRA, NUHM, AMSB and GMSBs
enarios,
ompatible with the SUSY Les Hou
hes A

ord Format,modular program, with a well-de�ned stru
ture.Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 16 / 46



B Physi
s SuperIsoSuperIso v1.0
Userprovided
Userprovided

AMSBparameters GMSBparametersSoftsusySLHA �leSLHA readerC-stru
tureParametersEx
luded masses Wilson
oe�
ientsIn
lusivebran
hing ratio Isospinasymmetry
Charged LSP

mSUGRAparametersIsajet
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B Physi
s SuperIsoSuperIso v2.0
Userprovided
Userprovided

AMSBparameters GMSBparameters NUHMparametersSoftsusySLHA �leSLHA readerC-stru
tureParametersEx
luded masses Wilson
oe�
ientsIn
lusivebran
hing ratioNNLO Isospinasymmetry
Charged LSP Muon (g − 2)µ

mSUGRAparametersIsajet
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B Physi
s SuperIsoSuperIso v2.0
Can be downloaded from:http://www3.tsl.uu.se/∼nazila/superiso/Manual:F. Mahmoudi, arXiv:0710.2067available online on Comput. Phys. Commun.For more information:M. Ahmady & F. Mahmoudi, Phys. Rev. D75 (2007)F. Mahmoudi, JHEP 0712, 026 (2007)
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B Physi
sExperimental dataBABAR
∆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− < 0.093Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 20 / 46



B Physi
s 
onstraintsResults: mSUGRA
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onstraintsResults: GMSB
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B Physi
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onstraintsResults mSUGRA
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B Physi
s 
onstraintsResults: mSUGRA
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Reli
 densityReli
 density
The re
ent observationsof the WMAP satellite,
ombined with other 
os-mologi
al data imposethe dark matter densityrange at 95% C.L.:0.088 < ΩDMh2 < 0.12
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Reli
 densityReli
 densityIn the Standard Model of Cosmology:at and before nu
leosynthesis time, the expansion is dominated byradiation H2 = 8πG/3× ρradthe evolution of the number density of supersymmetri
 parti
lesfollows the equationdndt = −3Hn − 〈σe�v〉(n2 − n2eq)solving this equation leads to reli
 density of SUSY parti
les in thepresent UniverseProblem: we have no good 
onstraints on the pre-nu
leosynthesis era!
⇒ the expansion rate 
an be di�erent from what expe
ted in standard
osmology...Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 34 / 46



Reli
 densityReli
 densityThe expansion rate modi�
ation 
an be parametrized by adding a newdensity ρD : (T0 ∼ nu
leosynthesis temperature)H2 = 8πG/3× (ρrad + ρD) with ρD(T ) = ρD(T0)(T/T0)nDnD = 4: radiation-like behaviornD = 6: behavior of a s
alar �eld dominated by its kineti
 termnD > 6: extra-dimension e�e
tsWe introdu
e κD = ρD(T0)/ρrad(T0)The modi�ed expansion is in agreement with the observations providednD > 4 and κD < 1Su
h a modi�
ation 
an drasti
ally 
hange the 
al
ulated reli
 density!Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 35 / 46



Reli
 densityReli
 densityFor a mSUGRA test-point with a reli
 density of ΩLSPh2 = 0.105 (favoredby WMAP) in the usual 
osmologi
al model, in the expansion rate modi�eds
enario the 
omputed reli
 density is 
hanged:

Arbey & Mahmoudi, arXiv:0803.0741Farvah Nazila Mahmoudi (Uppsala U.) LPC 13 Mar
h 2008 36 / 46



Reli
 densityReli
 densityDispla
ement of the WMAP limits in mSUGRA

Large even for a small expansion rate modi�
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Reli
 densityReli
 densityDispla
ement of the WMAP limits in NUHM

Large even for a small expansion rate modi�
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ConstraintsAt 95% C.L.,Br(B → Xsγ): 2.07× 10−4 < B(b → sγ) < 4.84× 10−4Isospin asymmetry: −0.018 < ∆0− < 0.093Br(Bs → µ+µ−): B(Bs → µ+µ−) < 0.97× 10−7WMAP: 0.088 < ΩDMh2 < 0.12Older WMAP: 0.1 < ΩDMh2 < 0.3
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