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Introduction

Introduction

New physics appears as a necessity:
@ cosmological problems: dark matter, dark energy
@ hierarchy problem in the Standard Model

@ unification of interactions

The hope is that LHC will find something new!

@ New Physics!

Many theoretical models beyond the SM, within reach of the LHC, already
exist in the market.
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SUSY Constraints

The most used constraints:
@ Collider limits
o Electroweak precision tests
@ The anomalous magnetic moment of the muon (g —2),
— ,SUSY _ _exp SM __ —10
Aa, = a5V = a2 — aSM = (26 + 16) x 10
o Flavor Physics
@ Cosmological constraints, in particular from WMAP and the relic
density
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SUSY Constraints

Direct constraints

Lower bounds on sparticle masses in GeV:

Particle RN kR | Pep | Xy | 0 | 8 | ] A1 | Gr
Lower bound | 111 | 46 | 88 | 43.7 | 67.7 | 92.6 | 195 | 89 | 81.9 | 250
Yao et al. J. Phys. G33 (2006)
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SUSY Constraints

Indirect constraints

SUSY models can be divided into two categories:
@ R-parity conserving models

@ R-parity violating models
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SUSY Constraints

Indirect constraints

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 {my, my /2, Ao, tan 3, sign(u)}

@ NUHM {mSUGRA parameters + M4 and p}
® AMSB {mg, m3/, tan 3, sign(u)}

® GMSB {A, Mpcss, N5, Cgray, tan 3, sign(u)}
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SUSY Constraints

Indirect constraints

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 {my, my /2, Ao, tan 3, sign(u)}

@ NUHM {mSUGRA parameters + M4 and p}
® AMSB {mg, m3/, tan 3, sign(u)}

® GMSB {A, Mpcss, N5, Cgray, tan 3, sign(u)}

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 — B mixing, b — s+, ...
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SUSY Constraints

b — s+ transitions
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SUSY Constraints

b — sv transitions

o Charged Higgs loop always adds constructively to the SM penguin

@ Chargino loops can add constructively or destructively
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SUSY Constraints

b — sv transitions

o Charged Higgs loop always adds constructively to the SM penguin

@ Chargino loops can add constructively or destructively

o if constructive, great enhancement in the BR(b — sv)

@ BR is the interesting observable

o if destructive, other interesting observables

@ CP asymmetry
BR(B — Xsv) — BR(B — X.7)
BR(B — Xsv) 4+ BR(B — X.7)

Acp =
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SUSY Constraints

b — sv transitions

o Charged Higgs loop always adds constructively to the SM penguin

@ Chargino loops can add constructively or destructively

o if constructive, great enhancement in the BR(b — sv)

@ BR is the interesting observable

o if destructive, other interesting observables

@ CP asymmetry
BR(B — Xsv) — BR(B — X.7)
BR(B — Xsv) 4+ BR(B — X.7)

Acp =

@ lsospin asymmetry
_ BR(B® — K*%y) — BR(B~ — K*7v)
~ BR(B® — K*4) + BR(B~ — K*—v)

NS
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Effective Hamiltonian

The calculation of b — s observables begins with introducing an effective

Hamiltonian:

4Ge
V2

O1 = (517, T2c)(@y* T?h) Oz = (Sryuer)(Cytbr)

Her = —

03 = (317b1) X2(@7"9) 04 = (517, T%h1) ¥, (@1“ T7q)
= (511 Vo Vs b1) Z (gyrayHayHsq)
O = (SL"Y,ul V2 Vs T? bL) Zq(q,yltl,yﬂz,\/lug Taq)

07 = mb(sLJ# bR)FuV Og =

g —
me(SLO'“V TabR)G:l,
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Wilson Coefficients

Two main steps:

o Calculating C,-ef’r(u) at scale ;1 ~ Myy by requiring matching between

the effective and full theories

eff (1) — cOeff as(p) ~eff \
G (u) = G (1) + e G (n) +
@ Evolving the C’.eff(u) to scale st ~ my, using the RGE:

d e e €
pgn () = G ()

driven by the anomalous dimension matrix 5 (1.):
2
reffy _ Qs(p) ~(0)eff o5 (1) ~(L)eff |
A () = = =4 + wne
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B Physics Inclusive Branching ratio

Inclusive Branching ratio

2
6em

e

Vis Vi

B[B — Xs’)/]EW>Eo = B[B — XCeD]exp Ve

[P(Eo) + N(Eo)]
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B Physics Inclusive Branching ratio

Inclusive Branching ratio

2
6em

e

Vis Vio
Vcb

B[B - XSPY]EW>E0 = B[E - XceD]exp [P(EO) + N(EO)]

Vu b
Vcb

>T[B — Xced]
I'[B — X,er]

|
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B Physics Inclusive Branching ratio

Inclusive Branching ratio

_ _ _ Vi Vip |2 60tem
B[B - XSPY]EW>E0 = B[B - Xcey]exp s Tth [P(EO) + N(EO)]
Vcb 7TC
e | Ve >T[B — Xcel
" | Ve | T[B — Xyeb]
P(Eo) = PO (ub)+ as(is) {Pfl)(ﬂb) + Pél)(Eo,/tb)}

+ a2(uv) [P (1) + PP (Eo, o) + P (o, 1v)| + O (a3 (1s))
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B Physics Inclusive Branching ratio

Inclusive Branching ratio

2
6aem

e

Vé Vib
Vcb

B[B — X:ve,>E = B[B — Xcel]exp

[P(Eo) + N(Eo)]

Vi |2 T[B — Xei]
C= —_ <
Voo | T[B — X,e]
P(Eo) = PO(ue) +as(uw) [PV (us) + PV (Eo. )

+  a2(pb) {sz)(ﬂb) + P (o, ) + P (Eo, /tb)} + 0 (ad(m))

2
POGw) = (G (w))
P(s) = 267" (un) G ()
2
PPGs) = (" (n) + 2617 110) P (1)

Misiak and Steinhauser, hep-ph/0609241
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B Physics Inclusive Branching ratio

Inclusive Branching ratio

@ Theoretical values for the SM: )
NLO (Gambino & Misiak '02): B[B — Xs7] = (3.60 & 0.30) x 10~*

NNLO (Misiak & Steihauser '07): B[B — Xs7] = (3.154+0.23) x 10~*
or (Becher & Neubert '07): B[B — Xsv] = (2.98 £ 0.26) x 1074
or (Gambino & Giordano '08): B[B — Xsv] = (3.30 +-0.24) x 10~*

o Experimental vglues:
PDG 2002: B[B — Xsv] = (3.30 4- 0.40) x 10~*

HFAG 2008: B[B — Xs7] = (3.52 4+ 0.25) x 10~*
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B Physics Inclusive Branching ratio

Inclusive Branching ratio

@ Theoretical values for the SM: )
NLO (Gambino & Misiak '02): B[B — Xs7] = (3.60 £ 0.30) x 10~*

NNLO (Misiak & Steihauser '07): B[B — Xsy] = (3.154+0.23) x 10~*
or (Becher & Neubert '07): B[B — Xsv] = (2.98 £ 0.26) x 1074
or (Gambino & Giordano '08): B[B — Xsv] = (3.30 +-0.24) x 10~*

o Experimental vglues:
PDG 2002: B[B — Xsv] = (3.30 4- 0.40) x 10~*

HFAG 2008: B[B — Xs7] = (3.52 4+ 0.25) x 10~*

Big changes in both the theoretical and experimental
values of the branching ratio!
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B Physics Isospin Asymmetry

Isospin Asymmetry

M(B° — K*0) —T(B~ — K* ™)
Ao_ = = =
M(B® — K*04) 4+ T(B~ — K*v)
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B Physics Isospin Asymmetry

Isospin Asymmetry

M(B® — K*%) —T(B~ — K* ™)
[(BY — K*09) +T(B~ — K*7)

Ao_ =

Ao_ = Re(by — by).
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B Physics Isospin Asymmetry

Isospin Asymmetry

M(B° — K*09) —T(B~ — K* )

A — = =
N ry >

Ao_ = Re(bd — bu) .

B—K* ,c
mp T as \ mp

127°fg Q, [ fi& Ficx mic
= s K K:
bq ( ! + 6)\BmB 2
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B Physics Isospin Asymmetry

Isospin Asymmetry

Ao = M(B® — K*09) —T(B~ — K* )
*" T (BY = K*0y) + T(B~ — K*7)

Ao = Re(by — by).

127215 Q (fﬁ fice Mic+
by = ——— 3 | KK+ K
i mp TlB—>K a? myp ! 6)\Bm3 2
as(u)Cr
4

=G+ —~ (Cl(u)G1(5p) + Cs(/ff)Gfs) + %(Q(uh)m(sp) + C8(/‘/h)H8>

4
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B Physics Isospin Asymmetry

Isospin Asymmetry

M(B® — K*09) —T(B~ — K* )

No_ = —= _
" T (BY = K*09) + (B~ — K*)
Ag_ = Re(by — by).
127%fg Q fie fice M+
L T N L
? mp TlB_)K a‘7: (mb ! 6)\Bm3 2

=G+ %(Q(M)G}(Sp) + Cs(#)Gs) + %(Q(#h)/‘h(%) + Cs(uh)/'/za)

T

In the Standard Model: Ag_ ~ 8%

Kagan and Neubert, Phys. Lett. B 539, 227 (2002)
Bosch and Buchalla, Nucl. Phys. B 621, 459 (2002)
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B Physics Isospin Asymmetry

Experimental data

BABAR
Ao = +0.050 =+ 0.045(stat) & 0.028(syst) = 0.024(R+/°)

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

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

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

Allowed Region: —0.018 < Ag_ < 0.093]
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Superlso
Superlso v2.1

A public C—program for calculating isospin asymmetry of B — K*~ in
supersymmetry.

Farvah Nazila Mahmoudi (Uppsala U.) AlbaNova June 13th, 2008 14 / 36



Superlso
Superlso v2.1

A public C—program for calculating isospin asymmetry of B — K*~ in
supersymmetry.

@ calculation of isospin asymmetry at NLO and inclusive branching ratio
at NNLO,

Farvah Nazila Mahmoudi (Uppsala U.) AlbaNova June 13th, 2008 14 / 36



Superlso
Superlso v2.1

A public C—program for calculating isospin asymmetry of B — K*~ in
supersymmetry.

@ calculation of isospin asymmetry at NLO and inclusive branching ratio
at NNLO,

@ automatic calculation in mMSUGRA, NUHM, AMSB and GMSB

scenarios,

Farvah Nazila Mahmoudi (Uppsala U.) AlbaNova June 13th, 2008 14 / 36



Superlso
Superlso v2.1

A public C—program for calculating isospin asymmetry of B — K*~ in
supersymmetry.

@ calculation of isospin asymmetry at NLO and inclusive branching ratio
at NNLO,

@ automatic calculation in mMSUGRA, NUHM, AMSB and GMSB

scenarios,

@ compatible with the SUSY Les Houches Accord Format (SLHA2),

Farvah Nazila Mahmoudi (Uppsala U.) AlbaNova June 13th, 2008 14 / 36



Superlso
Superlso v2.1

A public C—program for calculating isospin asymmetry of B — K*~ in
supersymmetry.

@ calculation of isospin asymmetry at NLO and inclusive branching ratio
at NNLO,

@ automatic calculation in mMSUGRA, NUHM, AMSB and GMSB

scenarios,
@ compatible with the SUSY Les Houches Accord Format (SLHA2),

@ modular program, with a well-defined structure.
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Superlso
Superlso v2.1

( AMSB J
parameters

NUHM mSUGRA
parameters parameters

( GMSB J
parameters

-
{ User 1
| provided ,'_
SO

SLHA reader
¢ oUser 0 __ C-structure
1 provided, Parameters

Excluded masses

( Charged LSP ] (Muon (g — 2)”)
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Superlso
Superlso v2.1

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:
M. Ahmady & F. Mahmoudi, Phys. Rev. D75 (2007)
F. Mahmoudi, JHEP 0712, 026 (2007)
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B Physics constraints

Results: mSUGRA

Ayj=-m, tanf=10 pu>0

°
@
°
=i
S
X
w

Charged LSP

100 200 300 400 500 600 700 800 900 1000
12 [GeV]

Ahmady & Mahmoudi, Phys. Rev. D75 (2007)
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Results: mSUGRA

Ag=-m, tanf=10 p>0

Ag=-m, tanf=20 p>0

1000

900 | 900
800 800 =
700 700
B
5 600 < 600
© B © E
9O, 500 S, 500
£ 400 Ea0-
300 00 |
3 £ 3
2002 200~ 5
2 E £
100 - * Charged LSP 100 *
0 of !
100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000
my, [Ge m,, [Ge'

Ahmady & Mahmoudi, Phys. Rev. D75 (2007)
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Results: mSUGRA

Ag=-m, tanf=30 p>0

1000

0.14

0.13

700 |-

Excluded

Charged LSP 0.09

100

5 600 0.12

%500 %

E 400 ; 011
300 0.1
200 %

08

0 0.
100 200 300 400 500 600 700 800 900 1000
m,, [Ge

Ahmady & Mahmoudi, Phys. Rev. D75 (2007)
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B Physics constraints

Results: mSUGRA

mMSUGRA >0

0.07
2000 -1500 -1000 500 O 500

s [Ge

F. Mahmoudi, JHEP 0712, 026 (2007)
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B Physics constraints

Results: NUHM

NUHM m=1000 m,,=500 A,=0 tan =35 Ay

sl IExgluded) e

0.0
-500 0 500 1000 1500 2000
1 [GeV]

F. Mahmoudi, JHEP 0712, 026 (2007)

O
)
i
i

acr
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B Physics constraints

Results: NUHM

NUHM m=1000 m,,=500 A,=0 tanp=35 A

NUHM mg=800 m,,=600 A,=0 u=1000

2000 60 —
1800 E
50
1600 E
1400 F
40 —
%‘1200 @ r
[2) = L
-:1000 & 30—
E 800 E
600 20 —
400 E
10—
200 C
Ll 1BX LTI I R [ PR N N P I AP PR B
-500 0 500 1000 1500 2000 200 400 600 800 1000 1200 1400 1600 1800 2000
1 [GeV] m, [GeV]

F. Mahmoudi, JHEP 0712, 026 (2007)
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Results: AMSB

AMSB  m =500 GeV <0

m,, [TeV]

Excluded

10 20 30 40 50 60

F. Mahmoudi, JHEP 0712, 026 (2007)
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Results: AMSB

AMSB  m =500 GeV <0

AMSB  m,,=30TeV <0 An'oms
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F. Mahmoudi, JHEP 0712, 026 (2007)
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Results: GMSB

GMSB M, =500 TeV N,=1

&

Cyra=1 1>0

50 Excluded

10 20 30 40 50 60

F. Mahmoudi, JHEP 0712, 026 (2007)
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B Physics constraints

Results: GMSB

GMSB M, =500 TeV N=1 c,,,=1 u>0

GMSB A=100TeV N=1 c,

grav=1

A[Tev]
Mpess [GeV]

3
o
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2
[}
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10 20 30 40 50 60
tan B tan B
F. Mahmoudi, JHEP 0712, 026 (2007)
=] = = = E 9Dac
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B Physics constraints

Results

mSUGRA

tan =50 An=0

>0

T T T[T T[T T

Isospin

BR(b - s7)

(B.— u*
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F. Mahmoudi, JHEP 0712, 026 (2007)
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B Physics constraints

Results

mSUGRA

mSUGRA  tan =50 An=0 n>0
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F. Mahmoudi, JHEP 0712, 026 (2007)
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B Physics constraints

Results
mSUGRA AMSB
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F. Mahmoudi, JHEP 0712, 026 (2007)
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Let's add
COT DL A
N S uf S i NS

o 5 = = = DA C
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Relic density

NUHM  tanp=35 A=0 m=1000 m,=500 ;=0

The recent observations ::::7
of the WMAP satellite, 1600 |
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Relic density
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Relic density

In the Standard Model of Cosmology:

@ at and before nucleosynthesis time, the expansion is dominated by
radiation

H?> = 81G/3 x Prad

@ the evolution of the number density of supersymmetric particles
follows the equation

dn
pri —3Hn — (o gv)(n® — n%q)

@ solving this equation leads to relic density of SUSY particles in the
present Universe

Problem: we have no good constraints on the pre-nucleosynthesis eral!

= the expansion rate can be different from what expected in standard
cosmology...
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Relic density

The expansion rate modification can be parametrized by adding a new
density pp: (To ~ nucleosynthesis temperature)

H? = 871G /3 x (paq + pp) With pp(T) = pp(To)(T/To)"™

@ np = 4: radiation-like behavior
@ np = 6: behavior of a scalar field dominated by its kinetic term

@ np > 6: extra-dimension effects

We introduce kp = pp(To)/prad(To)
The modified expansion is in agreement with the observations provided

np >4 and kp <1

Such a modification can drastically change the calculated relic density!
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Relic density

Displacement of the WMAP limits in NUHM
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Relic density

Consequence: using the lower limit of the WMAP limit to constrain the
relic density is unsafe!

— The lower limit should be disregarded: Qpph? < 0.12 |
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Conclusion

@ Indirect constraints and in particular flavor physics are essential to
restrict new physics parameters
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That will become even more interesting when combined with LHC data

Isospin asymmetry provides new valuable information

Cosmological data should be taken with a grain of salt

(]

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

(]
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Backup
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Constraints

At 95% C.L.,

@ Br(B — Xs7): 2.07 x 107* < B(b — s7) < 4.84 x 1074
@ Isospin asymmetry: —0.018 < Ag_ < 0.093

@ Br(Bs — utp™): B(Bs — ptu~) <0.97 x 1077

o WMAP: 0.088 < Qppnh? < 0.12

o Older WMAP: 0.1 < Qpyh? < 0.3
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NLO vs. NNLO
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|
Relic density

For a mSUGRA test-point with a relic density of Q| gph® = 0.105 (favored
by WMAP) in the usual cosmological model, in the expansion rate modified
scenario the computed relic density is changed:
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