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.
@ search for new physics effects
@ guideline for other searches

@ check consistencies with direct observations

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

@ R-parity violating models
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SUSY Constraints
o0

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 {mo, my,2, Ao, tan 3, sign(u)}
@ NUHM {mSUGRA parameters + Ma and pu}
@ AMSB {mo, ms2, tan 3, sign(u)}
@ GMSB {A, Muess, N5, Cgrav, 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

(] J

SUSY Constraints

Observable Constraint measure
BR(Bs — ppu) 0+0
AMg, 0+0
sin? Ot 0.007 £0
BR(B — Tv) 0.011+£0
Mw 0.051 £ 0.001
BR(b — sv) 0.188 £ 0.003
Do (b — s7) 0.208 £ 0.006
(g—2)u 0.390 + 0.012
Qpm h? 0.443 + 0.006
mp, 0.453 + 0.053

Molding power of individual observables
for a specific MSSM scenario with ;1 > 0
Allanach, Dolan and Weber, arXiv:0806.1184
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Superlso v2.3

A public C—program for calculating different observables in supersymmetry
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Superlso v2.3

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)

@ Interfaced with Softsusy and Isajet for automatic spectrum calculation

@ Modular program, with a well-defined structure

@ Complete updated reference manual available
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Superlso v2.3: implemented observables

1. Isospin asymmetry of B — K™~ at NLO J

Contributing loops: A O ,

b u,c,t s b u,ct s b 61 s b d,5,b s
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Superlso v2.3: implemented observables

1. Isospin asymmetry of B — K™~ at NLO J

Contributing loops: TN S , .
I I ! 1 | |

b u,c,t s b u,c,t

[(B° — K%9) ~ (B~ — K" )

No_ = _ -
°" T T(B° = K*09) + T(B- — K*—7)
1272 f5 Q fi& frcx My
No_ =Re(by — b)), bg = —=—_5 X9 [ K* gy 4 KK K
0 E( d ) P mp TlB*)K*a; (mb Lt 6ABITIB 2
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Superlso v2.3: implemented observables

1. Isospin asymmetry of B — K™~ at NLO

Contributing loops: 2 /
! |

B b u,c,t b el

b u, et
A _T(B° = K9 —[(B” — K" y)
T T T(BY = K09 + (B~ — K*7)

127265 Qq [ fi& fic mic+
Boc = elba =) b = 2R (T G5 K

2 (GUIG) + G G) + L (G (o) + Caln) )

«
a$:C7—|— 5471_
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Superlso v2.3: implemented observables

1. Isospin asymmetry of B — K™~ at NLO

Contributing loops: 2 /
! |

B b u,c,t b el

b u, et
A _T(B° = K9 —[(B” — K" y)
T T T(BY = K09 + (B~ — K*7)

127265 Qq [ fi& fic mic+
Boc = elba =) b = 2R (T G5 K

2 (GUIG) + G G) + L (G (o) + Caln) )

s
c
ar; = C7 + 4
T
Kagan and Neubert, Phys. Lett. B539, 227 (2002)

In the Standard Model: Ao— ~ 8%
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Superlso v2.3: implemented observables

2. Inclusive branching ratio of B — Xsy at NNLO J
5 B - Vt*s th 2 6Ctem
B(B — Xsv)E, >E, = B(B — Xcel)exp —— [P(Eo) + N(Eo)]
! Vep wC
2 > — =
with C = l Vip |* [E — Xcer)
V| T[B — Xuep]
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Superlso v2.3: implemented observables

2. Inclusive branching ratio of B — Xsy at NNLO J

2 60aem

Vis Vi — ¢ [P(Bo) + N(Eo)]

Vcb

B(B — Xev)e, =60 = B(B — XceD)exp

V.
with C:' ub
Veb

c

2 F[B — XCED]
F[B — Xueﬂ]

P(E)) = PO(up) +as(us) [P (1ap) + P (Eo, )]

+  aZ(u) [Pf)(ub) + P (Eo, ) + Péz)(Emub)] + O (2(up))
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Superlso v2.3: implemented observables

2. Inclusive branching ratio of B — Xsy at NNLO )

Vt*s th
Vcb

6aem

[P(Eo) + N(Eo)]

B(B — Xev)e, =60 = B(B — XceD)exp

V.
with C:' ub
Veb

c

2 T[B — XceD]
F[B — Xueﬂ]

P(E)) = PO(up) +as(us) [P (1ap) + P (Eo, )]

+  aZ(u) [Pf)(l‘«b) + P (Eo, ) + P;S,Z)(Emﬂb)] + O (2(up))

PO(up) = <C7(O)Cﬁ(ub))2
P () = x“( w><>
POs) = (1)) 4+ 280 () (T 1)

Misiak and Steinhauser, Nucl. Phys. B764 (2007)
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Superlso v2.3: implemented observables

2. Inclusive branching ratio of B — Xsy at NNLO )

Vt*s th
Vcb

6aem

[P(Eo) + N(Eo)]

B(B — Xev)e, =60 = B(B — XceD)exp

V.
with C:' ub
Veb

c

2 T[B — XceD]
F[B — Xueﬂ]

P(E)) = PO(up) +as(us) [P (1ap) + P (Eo, )]

+  aZ(u) [Pf)(l‘«b) + P (Eo, ) + P;S,Z)(Emﬂb)] + O (2(up))

PO(up) = <C7(O)Cﬁ(ub))2
P () = x“( w><>
POs) = (1)) 4+ 280 () (T 1)

Misiak and Steinhauser, Nucl. Phys. B764 (2007)

SM prediction: B[B — Xs7] = (3.15 +0.23) x 10~*
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Superlso v2.3: implemented observables

3. Branching ratio of Bs — putu~ )

G2a? 4m?
B(Bs — phu™) = 5 5,78, M3, [Ves Virl?y 1= 5" b w
Bs
4m2" 2 S ’ no
{03 |

) M3 |Cs|* + ’CPMB, *2CA,\',T,%‘3"S
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Superlso v2.3: implemented observables

3. Branching ratio of Bs — putu~ )
G2a? 4m?
B(Bs — ptp~) = 6Z7r3 fé,TB,ME,\V:bV{;\Zul - Miéﬂ b ut
W, 0, A0
am? .12 s w
A1) e+ |come, —20 T

Upper limit: B(Bs — p ™) < 5.8 x 1078 at 95% C.L.

SM predicted value: B(Bs — u " )sm ~ 3 x 107°
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Superlso v2.3: implemented observables

3. Branching ratio of Bs — pu"

GZ 2
B(Bs — ptp~) =

2
64rs 1Bs7E

2
;33, ‘ th Vt*s‘z —

1-— b ut
M3,

)Mz |Cs|2 + ’CPI\/IBS 2 Cp e

B, HO. A0
2 } s

Upper limit: B(Bs — ™) < 5.8 x 1078 at 95% C.L
SM predicted value: B(Bs — u " )sm ~ 3 x 107°

Interesting in the high tan /3 regime, where the SUSY contributions can lead to an
0O(100) enhancement over the SM

2 2
m tan 3
B(Bs — putp” )mssm ~ Cli

7
MA
Nazila Mahmoudi

GDR Supersymétrie — LAL Orsay — December 3, 2008
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Superlso v2.3: implemented observables

4. Branching ratio of B — v )

Tree level process, mediated by W™ and H*, higher order corrections from sparticles

1 m2 tan? g3 2
B ( ) 1+ etang

. ——2QSLH my  mb Ha(x,y) = xIn x + ylny
T T3 mg C YT T -y T A=)y )

A Large uncertainty from V

2
B(B — Tv) = 76’:‘8\7/:“ m2f2mg (1 — m—;)
B
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Superlso v2.3: implemented observables

4. Branching ratio of B — v )

Tree level process, mediated by W™ and H*, higher order corrections from sparticles

PEAIVE

GE|Vu)? < tan? 2
(6 — ) = HLL 2z (1_F> 1‘( B)1+eotfnﬁ

8 Z
20s By (mé m%) Ha(x,y) xIn x n yiny
- - 5 T o 5 2\ X, -
3w mg I=x)x=y) Q=y)y—x)

A Large uncertainty from V

€0 —

Also implemented in Superlso:

RMSSM _ BR(By — Tvr)vssm _ 1 m% tan2g  1°
v BR(BU — TZIT)SM 1+ eo tan [j’
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Superlso v2.3: implemented observables

5. Branching ratio of B — D7v

Another tree level process:

dr(B — DIw)

t(w) my, tan? g8

dw

W = VB - Vp

Nazila Mahmoudi

GE|V_ P m5 m3
_ FlVep|"mp v(w) 1 e

19273 (mp — me) mf_“ 1+ eotanf3

2
mg

pv and ps: vector and scalar Dalitz density contributions

GDR Supersymétrie — LAL Orsay — December 3, 2008

ﬂs(W)}
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Superlso v2.3: implemented observables

5. Branching ratio of B — D7v J
@ ——— q
b c h——&——c
Another tree level process: ' : ’ N .
W < H* <
vy vy
dr(B — DIT)  G2|V4|*m5 w |1 m? tw) my tan2g |? )
= w - — — — 0s\w
dw 19273 v m% (my — me) mf_“ 1+ eotanf3 rs

W =vg-Vp pv and ps: vector and scalar Dalitz density contributions
@ Depends on V,p, which is known to better precision than V,,,

@ Larger branching fraction than B — 7v
@ Experimentally challenging due to the presence of neutrinos in the final state
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Superlso v2.3: implemented observables

5. Branching ratio of B — D7v J
q q
b c h——&——c
Another tree level process: ' : ’ N .
W < H* <
vy vy
dr(B — DIT)  G2|V4|*m5 w |1 m? tw) my tan2g |? )
= w - — — — 0s\w
dw 19273 *V m% (my — me) mf_“ 1+eotanp rs

W =vg-Vp pv and ps: vector and scalar Dalitz density contributions

@ Depends on V,p, which is known to better precision than V,,,
@ Larger branching fraction than B — 7v
@ Experimentally challenging due to the presence of neutrinos in the final state

. - - B(B~ — D°rv)
. 0 —
Implemented in Superlso: B(B~ — D7~ v) and B(B- — D% 1)

Nazila Mahmoudi GDR Supersymétrie — LAL Orsay — December 3, 2008 10 / 18
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Superlso v2.3: implemented observables

6. Branching ratio of K — uv J

Tree level process similar to B — 71

Nazila Mahmoudi GDR Supersymétrie — LAL Orsay — December 3, 2008 11 / 18



Superlso
0O00000e000

Superlso v2.3: implemented observables

6. Branching ratio of K — uv

Tree level process similar to B — 71

Two observables are implemented in Superlso:

2 f2mk (1— m?/mi)z

M — ) | Vea| F2me \1—m2/m2
w1 M (y_ma) _tan’h 2(1+5 )
M2, ms) 1+etanf e
Vius(Ke2) y Vus(0t — 0%)| 1 my. _mg tan? 3
Vid(me2) - Mz, ms ) 1+eotan3

Rios —
23 ‘ Ve (Ki3)
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Superlso v2.3: implemented observables

6. Branching ratio of K — uv

Tree level process similar to B — 71

Two observables are implemented in Superlso:

2 f2mk (1— m?/mi)z

MK — pv) | Vs
M — ) | Vea| F2me \1—m2/m2
i (1o M (yome) _tan’5 2(1+5 )
Mf,, ms ) 1+etan3 em

Vus(Kl/,2) % \/us(oJr — 0+) — ‘1 _ mf(Jr (1 _ ﬂ) tanzﬁ
ms ) 1+ eotan

Rioz —
23 ‘vus(ma) Via(722)

A Large uncertainty from fx /f

GDR Supersymétrie — LAL Orsay — December 3, 2008 11 / 18
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Superlso v2.3: implemented observables

7. Anomalous magnetic moment of muon a, = (g — 2)/2 )

Latest measurement on e” e~ data: a; P = (11659208.0 £+ 6.3) x 10710

Bennett et al., Phys. Rev. D73 (2006)

SM prediction:  a3™ = (11659178.5 +6.1) x 107 *°

%
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Superlso v2.3: implemented observables

7. Anomalous magnetic moment of muon a, = (g — 2)/2 )

Latest measurement on e” e~ data: a; P = (11659208.0 £+ 6.3) x 10710

Bennett et al., Phys. Rev. D73 (2006)

SM prediction:  a3™ = (11659178.5 +6.1) x 107 *°

%

MSSM contributions:

\ 'H
SUSY _ ¢.x° xE SUSY 4 N
oay, =da; +da; +6a, 2loop ; \
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Superlso v2.3: implemented observables

7. Anomalous magnetic moment of muon a, = (g — 2)/2 ]

Latest measurement on e” e~ data: a; P = (11659208.0 +6.3) x 10~ 10

Bennett et al., Phys. Rev. D73 (2006)

SM prediction:  a3™ = (11659178.5 +6.1) x 107 *°

%

MSSM contributions:

VAW’
SUSY _ ¢.x° x* SUSY 4 N
oay, =da; +da; +6a, 2loop

Deviation from the SM:
da, = al® — axM = (29.5 +8.8) x 107 *°

I
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Superlso v2.3

AMSB CMSB ( NUHM } (mSUGRA}
parameters parameters [PEFEGNSIS Barameters

Softsusy

MOser >
1 provided/'_

SLHA reader
1" User ) C-structure

' .
\ provided /'_ Parameters

Excluded masses
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Superlso v2.3

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

Manual:

F. Mahmoudi, arXiv:0710.2067, Comput. Phys. Commun. 178, 745 (2008)
F. Mahmoudi, arXiv:0808.3144 [hep-ph]

For more information:
F. Mahmoudi, JHEP 0712, 026 (2007)
M. Ahmady & F. Mahmoudi, Phys. Rev. D75 (2007)
A. Arbey & F. Mahmoudi, Phys. Lett. B (2008)
D. Eriksson, F. Mahmoudi, O. Stal, JHEP 0811, 035 (2008)
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Combined constraints in the MSSM

mSUGRA

mSUGRA  tanf=50
2000

1800

1600

ESS Mass excluded

T T

0uwluw\lnlll:w\lu[wnwlnu\lu\lu|w|w
0 200 400 600 800 1000 1200 1400 1600 1800 2000
m, , [GeV]

F. Mahmoudi, arXiv:0808.3144
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Combined constraints in the MSSM

mSUGRA NUHM

mSUGRA  tan =50 Ao=0 n>0 NUHM  m=500 GeV m, ,=500 GeV A=0 11=500 GeV

- EEbosy
E By
) [
- I:Rm
| B_D
i 5 Dafavored
‘ i |M| Mass excluded
|
] o e e

0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000
m,, [GeV] m, [GeV]

2000

1800

1600

1400

;1200

Q
©,1000

tanp

o
E 800
600
400

200

F. Mahmoudi, arXiv:0808.3144
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Combined constraints in the '|MSSM

CNMSSM

CNMSSM  2=0.1 tanf=50 A =-900 A=-60

3500 —
HSbosy
E By
B3 B »ptw
3000 LA
ClB-D1v
2500
s
[
©,2000
e
1500
1000

&. AN S I S T T

0 200 400 600 800 100012001400 160018002000
m,, [GeV]

500

F. Mahmoudi, preliminary results
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Application to the charged Higgs

mSUGRA

Allowed
= Direct
mbosy
=B, -1V
By » uy
=B-Dtv
=Ko pv

. 15 0 Y
100 200 300 400 500 600
m,,. (GeV)

D. Eriksson, F. Mahmoudi, O. Stél, arXiv:0808.3551
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Application to the charged Higgs

mSUGRA NUHM

Allowed
Direct

b- sy
B, - TV
By — p'
B-Drtv o

= K-pv & 30

8

e

\ D oy " il e . 1 1 =
100 200 300 400 500 600 100 200 300 400 500 600
m,,. (GeV) m,,. (GeV)

D. Eriksson, F. Mahmoudi, O. Stél, arXiv:0808.3551
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Introduction SUSY Constraints Superlso Conclusion

Conclusion

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

@ Indirect constraints and in particular flavor physics are essential to
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