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Introduction

New physics appears as a necessity:

@ cosmological problems: dark matter, dark energy

@ hierarchy problem in the Standard Model
@ unification of interactions

...

v

The hope is that LHC will find something new!

@ New Physics!

A,

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

e
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Motivations

Flavour Physics

@ sensitive to new physics effects

@ complementary to other searches

@ probes sectors inaccessible to direct searches

@ tests quantum structure of the SM at loop level

@ constrains parameter spaces of new physics scenarios
@ valuable data already available

@ promising experimental situation

@ consistency checks with direct observations
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Motivations

Flavour Physics

@ sensitive to new physics effects

@ complementary to other searches

@ probes sectors inaccessible to direct searches

@ tests quantum structure of the SM at loop level

@ constrains parameter spaces of new physics scenarios
@ valuable data already available

@ promising experimental situation

@ consistency checks with direct observations

In the following we consider supersymmetry as new physics scenario.
=2
.\\/
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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 5, Ao, tan f3, sign(u)}
@ NUHM {mSUGRA parameters + Ma and u}
@ AMSB {mo, mss, tan 3, sign(u)}
@ GMSB {A, Mmess, N, Carav, tan 3, sign(u)}

In these models, SUSY effects appear:

@ in the sparticle loops N’?fﬁ
— radiative and electroweak penguins -

@ in the charged Higgs mediated tree level decays (similar to 2HDM type II)

— leptonic and semileptonic decays
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Outline

In this talk:

Q Effective approach

Q Flavour Observables

¢ Radiative penguin decays
o Electroweak penguin decays

o Neutrino modes

© Superlso

@ Conclusion

Nazila Mahmoudi LC10 Workshop — Dec. 2, 2010 6 / 38



Effective Approach
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Effective Hamiltonian

A multi-scale problem

new physics: 1/Axp
electroweak interactions: 1/ M
hadronic effects: 1/my

QCD interactions: 1/Aqcp

¢ ¢ ¢ ¢

= Effective field theory approach:

separation between low and high energies using Operator Product Expansion

¢

short distance: Wilson coefficients, computed perturbatively

¢

long distance: local operators

4G
Heor = —72’: Vekm Z Ci(1) Oi(p)

New physics can show up in new operators or modified Wilson coefficients =
&

o
o
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Effective Approach
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Effective Hamiltonian

b — sy operator set:

O1 = (S7u e )(Ey" T7be) 0 = (Syuc)(eybe)

Os = (5uyube) 224(a7"4) Os = (37, T7bL) X, (87" T7q)

Os = (S1Ypa Yua Vs br) 320 (@7"27"29¥2q) O = (57 VuaTus T7 1) 3-4(87"2 72942 T7q)

Or = 166772 my (3.0 br) Fluw Os = 1(572 mp (50" T?bR) Gy
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Effective Approach
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Wilson Coefficients

Two main steps:

o Calculating C£ (1) at scale 1 ~ My by requiring matching between the
effective and full theories

i

e eff Qs b eff
CF7 () = € () + 22 oy o
& Evolving the CF" (1) to scale p ~ mj, using the RGE:
d e ff F
nn G W) =G i ()
driven by the anomalous dimension matrix 4° (1.):

@5(/1') ~(1)eff

as(p)

47

~eff

5 () = 22 )40

Jr

,-3/
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Flavour Observables

I) Radiative penguin decays

@ inclusive branching ratio of B — Xsvy
@ isospin asymmetry of B — K™~

II) Electroweak penguin decays

@ branching ratio of Bs — p ™
@ inclusive branching ratio of B — Xs¢4~
@ branching ratio of B — K*putp™

[II) Neutrino modes

@ branching ratio of B — 7v

@ branching ratio of B — D7v

@ branching ratios of Ds — 7v/uv
9 branching ratio of K — uv

@ double ratios of leptonic decays

e
gl
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Flavour Observables

I) Radiative penguin decays

@ inclusive branching ratio of B — X~y

@ isospin asymmetry of B — K™~
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Flavour Observables
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b — sv transitions

b 0,0 s
b O, s
—_ g —_
q q
X
gv
0 =~
W H* f ng\
~ PN ~ ~ ~0 \
/ A / N / A in MFV |
| | | ) | | —
b u, ¢t s b u, ¢t s b w,é1 s b d,5,b s
ﬂj
First penguin ever observed! & C)
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b — sv transitions

@ Charged Higgs loop always adds constructively to the SM penguin

@ Chargino loops can add constructively or destructively
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b — sv transitions

@ 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 — s7)

@ BR is the interesting observable

o if destructive, other interesting observables

@ CP asymmetry
_ BR(B — Xs7) — BR(B — Xsv)
"~ BR(B — Xs7v) + BR(B — Xsv)

Acp
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Flavour Observables
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@ 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 — s7)

@ BR is the interesting observable

o if destructive, other interesting observables

@ CP asymmetry

S BR(B — Xs7) — BR(B — Xs7)
= BR(B = Xav) + BR(B — X=7)

@ Isospin asymmetry

e BR(B® — K*94) — BR(B~ — K*~7)
%" 7 BR(B® — K*94) + BR(B~ — K* )

Nazila Mahmoudi
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Inclusive Branching ratio

% 60tem
nC

V;; th
Vcb

B[B = X:1]e,>€, = B[B = XceDlexp [P(Eo) + N(Eo)]
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Flavour Observables
€000

Inclusive Branching ratio

% 60tem
nC

V;; th

B[B — XS,Y]Efy>EO = B[B — Xceﬁ]exp Vo

[P(Eo) + N(Eo)]

>T[B — Xcep]
rB — Xued]

_ Vub
B Vcb
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Flavour Observables
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Inclusive Branching ratio

- - _ Vi Ves |2 60tem
B[B = X:y]e, >, = BB — XceP]oxp |[—22| 222 [P(Ep) + N(Eo)]
Vcb wC
| Vs |? T[B — Xcep]
" | V| T[B — Xue]
P(E) = PO(us) + auslan) [P (116) + P (Eo, )|

+ a2(us) [PP (1) + P (Eo, ) + P (Eo, b)) + O (03 (15))
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Inclusive Branching ratio

- - _ Vi Ves |2 60tem
B[B = X:y]e, >, = BB — XceP]oxp |[—22| 222 [P(Ep) + N(Eo)]
Vcb wC
| Vs |? T[B — Xcep]
" | V| T[B — Xue]
P(E) = PO(us) + auslan) [P (116) + P (Eo, )|

+ a2(us) [PP (1) + P (Eo, ) + P (Eo, b)) + O (03 (15))

PO = (GO (u))’
PP (s) = 267" (us) GGV ()
PA) = (G (us))” + 20 (1) G (1)
M. Misiak et al., Phys. Rev. Lett. 98 (2007) C.:D
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Flavour Observables
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Inclusive Branching ratio

@ Theoretical values for the SM:
NNLO (Misiak & Steihauser '07): B[B — Xs7] = (3.15 & 0.23) x 10~*
or (Becher & Neubert '07): B[B — Xsy] = (2.98 £ 0.26) x 10~*
or (Gambino & Giordano '08): B[B — Xs7] = (3.30 +0.24) x 10~*
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Inclusive Branching ratio

@ Theoretical values for the SM:
NNLO (Misiak & Steihauser '07): B[B — Xev] = (3.15 £ 0.23) x 10~*
or (Becher & Neubert '07): B[B — Xsv] = (2.98 £ 0.26) x 10~*
or (Gambino & Giordano '08): B[B — Xs7] = (3.30 +0.24) x 10~*

@ Experimental values:
HFAG 2010: B[B — Xs7] = (3.55 4 0.25) x 107*

Reduced scale dependence:

BRx 104 BRx 104

4 4
3.8 Lo 3.8 LO
3.6 3.6
3.4 N

R SN NLO
b R ek S |
NNLO 3 ]
50 100 150 200 250 300 350 /,
uw-dependence up-dependence \\)
M. Misiak et al., Phys. Rev. Lett. 98 (2007) .
®
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Flavour Observables
00e0

Isospin Asymmetry

Aof = Re(bd = bu)

* 1
mp TlB_>K 3‘7: mp 6)\5!775

by =

= ¢ 4 2WCF O‘S(“)C‘” (cl(u)Gl(s,,) T Cs(,u)Gs) + %;)CF (Cl(uh)Hl(s,,) T cs(uh)Hs)
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Flavour Observables
00e0

Isospin Asymmetry

Aof = Re(bd = bu)
1272 fg Qq (E Ky + ficr M+ Kz)

T B LoK* ¢ 1
mp TlB_>K 3‘7: mp 6)\5!775

by =

=G+ 2 0‘5(“)& (G Gi(ss) + Galu) Gs ) + %;)CF (Caln)Hha(s5) + Calpan)Ho )

In the Standard Model: Ap_ ~ 8%

Kagan and Neubert, Phys. Lett. B539 (2002)
Bosch and Buchalla, Nucl. Phys. B621 (2002)
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Flavour Observables
00e0

Isospin Asymmetry

Aof = Re(bd = bu)
1272 fg Qq (E Ky + ficr M+ Kz)

T B LoK* ¢ 1
mp TlB_>K 3‘7: mp 6)\5!775

by =

=G+ 2 0‘5(“)& (G Gi(ss) + Galu) Gs ) + %;)CF (Caln)Hha(s5) + Calpan)Ho )

In the Standard Model: Ap_ ~ 8%

Kagan and Neubert, Phys. Lett. B539 (2002)
Bosch and Buchalla, Nucl. Phys. B621 (2002)

HFAG 2010 Ao = +0.052 £ 0.026 /D
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Flavour Observables
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Results

NUHM scenario

blue: branching ratio
red: isospin asymmetry

green: allowed

100 200 300 _ 400 500 600
m, (GeV)

FM, arXiv:0808.3952
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Flavour observables

II) Electroweak penguin decays

@ branching ratio of Bs — p ™
o forward-backward asymmetry in B — X1~

o forward-backward asymmetry in B — K*ptpu™
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Flavour Observables
[o] JoYelo)

Il) Electroweak penguin decays

Branching ratio of Bs — utu~ )
_ Gf‘az 2) 3 * |2 4mi
B(Bs — ptu~) = 6473 f5, 78, M, | Vb Vie|* |1 — M—é’, ) i
4mi 2 2 my, 2 /,07[;07140
(1 7 ) M2, IGl +(CPMB,—2CAM—B_ L AN
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Flavour Observables
[o] JoYelo)

I1) Electroweak penguin decays

Branching ratio of Bs — utu~ )

2 2
4
B(B, — utp~) = ZF2 il

647 i3 st TBs MB | th Vts | M2 b ut
2 o
{ ( ) MB |CS|2 ‘ CP MB, 2 CA } . hU,HU,AU )

Upper limit: B(Bs — pp~) < 4.3 x 1078 at 95% C.L.

(CDF public note 9892) ﬁv
SM predicted value: B(Bs — u 1" )sm ~ 3 x 107°
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Flavour Observables
[o] JoYelo)

I1) Electroweak penguin decays

Branching ratio of Bs — utu~ )

202 4my,

_ Gra
B(B: = p'pn") = e 13 T8, M3, | Vo Vs |? Mz b ’
2 — — —
{( ) MB |CS|2 ‘CPMB, 2 CA } g RO HO, A0 ,

Upper limit: B(Bs — pp~) < 4.3 x 1078 at 95% C.L.
(CDF public note 9892) ﬁv
SM predicted value: B(Bs — u 1" )sm ~ 3 x 107°

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

m2m? tan® 3
B(B - ~ bR ./D
(Bs = p ™ )mssm M G
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Flavour Observables
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200 300 _ 400 500 600

100

m,- (GeV)
D. Eriksson, FM, O. Stal, JHEP 0811 (2008)
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Flavour Observables
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I1) Electroweak penguin decays

Forward-backward asymmetry in B — K*putpu™ J

Interesting observable for NP searches

d2
Ars(q") = dr/dq {/ d( cosg)dq2d cosf) / d(cosd dqzd(COSQ):|

6: angle between B® and ™ momenta in the dilepton system center of mass

q2 = (p,Lfr + p,u_)z
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I1) Electroweak penguin decays

Forward-backward asymmetry in B — K*putpu~ )

Interesting observable for NP searches

2y 1 !
Ars(q”) = dr /dq? Uo l(CESt )dq2d cos 0) / ) dq2d(cosﬁ)}

6: angle between B® and ™ momenta in the dilepton system center of mass
q* = (pur +pu-)°

Effective Hamiltonian:
Hor = —25E Vi Vis( Gi(1)Oi(1) + 3 Coy (1) Qilw))

Important operators:
Oy = (4e7r)2 (SVHbL)(Z'YH ) 4

2

O10 = (4e7r) (57" be)(Pruyst) o

Q= @(gﬁba)( 0) e @
Q2 = 362 (57 bR) (rs0) ; .&.._
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Flavour Observables
0000®

I1) Electroweak penguin decays

Forward-backward asymmetry in B — K*utp™ )

Of particular interest, the position of the zero point: Arg(g3) =0

‘CDF Run Il Preliminary L=4.4fb™

i 0 0 4
< | Ags(B” - K )
15/ # Data

—S8M
-G, =-CM

0.5
s logol | RPN e PPN I G PP P i
0 2 46 8 1012 14 16 18
q? (GeV?%c?)
CDF Public note 10047 (2010)
The value of g3 is very robust with respect to hadronic uncertainties C)
NP can modify the g value or even suppress the zero point o
®
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Flavour Observables
©000000000000

Flavour observables

@ branching ratio of B — v
@ branching ratio of B — D7v

@ branching ratios of Ds — Tv/uv

(7

branching ratio of K — uv

[

double ratios of leptonic decays
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Flavour Observables
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I11) Neutrino modes

Branching ratio of B — v )

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

b v
_ GEVl® o m2 \® ma ) tan?g [
BB »m)= =g mfeme (175 ) 1= (22 ) T otans
205 1 <mé m%) xIn x yiny
0=—5——H | —5, — ), Hxy)= +
3n mg 2 \mg? mg? o) == " TN

A Large uncertainty from V,;, and sensitive to fg
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Flavour Observables
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I11) Neutrino modes

Branching ratio of B — v )

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

b v
_ GEVl® o m2 \® ma ) tan?g [
BB »m)= =g mfeme (175 ) 1= (22 ) T otans
205 1 <mé m%) xIn x yiny
0=—5——H | —5, — ), Hxy)= +
3n mg 2 \mg? mg? o) == " TN

A Large uncertainty from V,;, and sensitive to fg

Also used:

RMSSM _ BR(B, — Tvr)Mssm _ i m% tan2g 17
T BR(Bu — U7 )sm m?,. ) 1+etanfj
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Flavour Observables

O0@0000000000

SM: B(B — 7v) = (1.01 + 0.26) x 107*
HFAG 2010: B(B — 7v) = (1.64 +0.34) x 10~*

NUHM

100 200 300 400 500 600
m.. (GeV)

D. Eriksson, FM, O. Stal, JHEP 0811 (2008) | ng'”b| =(3.95+0.35) x 1073

®
Nazila Mahmoudi LC10 Workshop — Dec. 2, 2010
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Flavour Observables
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Charged Higgs mediated observables

Branching ratio of B — D1v

b . hp—————
Another tree level process: : ’ o
W H* <
vy vy
dr(B — DIT)  G2|V4|*m5 o) |1 m | tw) my tan2g |? )
= w = == - 0s (W
dw 19273 v m% (my — me) mf_,+ 1+ eotan (8

w=vg-vp pv and ps: vector and scalar Dalitz density contributions

Nazila Mahmoudi
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Flavour Observables
0008000000000

Charged Higgs mediated observables

Branching ratio of B — D1v )

Another tree level process:

t(w) my, tan? g8
(my — me) mf_l+ 1+ etanf3

1l =

dw 19273

dr(B — DIT)  GZ|V2mS, m?
= v(w)

2
ﬂs(W)}
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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Flavour Observables
0008000000000

Charged Higgs mediated observables

Branching ratio of B — D1v

b . ¢
Another tree level process: .

t(w) my, tan? g8
(my — me) mf_l+ 1+ etanf3

dw 19273

1l =

dr(B — DIT)  GZ|V2mS, m?
= v(w)

2
ﬂs(W)}
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~™ — D77 v) -
B(B— — D% —v) \\)

Interesting observables: B(B~ — D°7~v) and

Nazila Mahmoudi LC10 Workshop — Dec. 2, 2010



Flavour Observables

000000000000
B — Dtv

BB~ —» D% v)
SM- m —_— 0-30 :t 0-02

B(B~ — D7 v)
PDG 2010: - ————+ =041 11 .052
G 2010: g pooy = 0416+ 0.117 £005

100 200 300 _ 400 500 600

m,, (GeV)
D. Eriksson, FM, O. Stal, JHEP 0811 (2008)

®
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Flavour Observables
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I11) Neutrino modes

Branching ratio of Ds — fv )

Tree level process similar to B — v
2

Gt 2 m;

B(Ds — éu) = 8_7'(' ‘Vcs| fEZ)‘mgMD'TD' = M—%'
2
1 Mp, \ 2 tan2
14 (7> (_D) (mc _ M) for € = i,
me + ms my+ 1+4+eotang

@ Competitive with and complementary to analogous observables

X

@ Dependence on only one lattice QCD quantity
@ Interesting if lattice calculations eventually prefer fp, < 250 MeV

@ Promising experimental situation (BES-III)

A Sensitive to fp, and mg/m,

Nazila Mahmoudi LC10 Workshop — Dec. 2, 2010 26 / 38



Flavour Observables
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Ds — lv

SM: B(Ds — Tv) = (4.82 4 0.14) x 1072 B(Ds — pv) = (4.98 £0.14) x 10~3
HFAG 2010: B(Ds — 7v) = (5.384+0.32) x 1072 B(Ds — puv) = (5.81 £ 0.43) x 1073

NUHM parameter space
Ds — Tv;

100 200 300 400 500 600

m,. (GeV)
A.G. Akeroyd, FM, JHEP 0904, 121 (2009)
fp, = 241 + 3 MeV ms/mec =~ 0.08 .
®
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Flavour Observables
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Charged Higgs mediated observables

Branching ratio of K — uv )

Tree level process similar to B — v

Flavianet, arXiv:0801.1817 [hep-ph] .
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Flavour Observables
0000000800000

Charged Higgs mediated observables

Branching ratio of K — uv )

Tree level process similar to B — v

Two observables are considered:

> f2mi <1— mf/mﬁ)z

2
2my \1—m?/m2

MK — uv) Vs
M(m — uv)

- Vud

m? my tan? 3 2
A — 1 feyen
X( MfH( m5)1+eotanﬁ> (14 Genm)

Rixs — ’ Vis(Ki2) |, Vua (0" = 07) | _ ‘1 _ mi (1 3 ﬂ) tan® 3
Vius(Ke3) Vid(me2) M2 ms ) 1+ eotan B
=
Flavianet, arXiv:0801.1817 [hep-ph] .\\"'D
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Flavour Observables
0000000800000

Charged Higgs mediated observables

Branching ratio of K — uv )

Tree level process similar to B — v

Two observables are considered:

> f2mi <1— mf/mﬁ)z

2
2my \1—m?/m2

MK — uv) Vs
o Vud

M(m — uv)
my. my tan? 3 2
1-— 1—-— ) — 1 feyen
X( MfH( ms) 1+eotanﬁ> (14 Genm)

Vus(Kl2) Vud(0+ — 0+) mf(Jr mqy tan2 ,B
Re2z = X =1 2K (1) 2
Vius(Ke3) Vid(me2) M2 ms ) 1+ eotan B
A Large uncertainty from fx/f; /D
; ) &
Flavianet, arXiv:0801.1817 [hep-ph]
[
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Flavour Observables
0000000080000

K — uv

Flavianet: Ryp»3 = 1.004 4 0.007

NUHM

100 200 300 _ 400 500 600
m.. (GeV)

D. Eriksson, FM, O. Stal, JHEP 0811 (2008) fk /f= = 1.189 &+ 0.007
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Combined constraints

NUHM scenario

tanp

Flavour Observables

0000000008000

D. Eriksson, FM, O. Stal, JHEP 0811 (2008)
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dark green: B(B — Dtv)

green: allowed
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Flavour Observables
0000000000800

Combined constraints

THDM (Types I-IV)

Red: b — sy
1 Cyan: AI\/IBd
ORI v ey .
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800 Blue: B, — Tvr
m, (GeV) m, (GeV)
e T
11l \V2
Green: Ds — Tv+
Dark green: Ds — pvy
@ 4 @10 E
c c
8 8
b} TR Srwewn: o b} TR T wowwr:
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800

m,e (GeV) m,e (GeV)

FM, O. Stél, Phys. Rev. D81 (2010)
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Flavour Observables
0000000000080

I11) Neutrino modes

Double ratios of leptonic decays )

For example:

"= () / (e

B. Grinstein, Phys. Rev. Lett. 71 (1993) A.G. Akeroyd, FM, JHEP 1010 (2010) .
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Flavour Observables
0000000000080

I11) Neutrino modes

Double ratios of leptonic decays

For example:

"= () / (e

From the form factor and CKM matrix point of view:

|Ves Vo (s, /f8)*

R
X WVl (Fo./f0)?

B. Grinstein, Phys. Rev. Lett. 71 (1993) A.G. Akeroyd, FM, JHEP 1010 (2010)
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Flavour Observables
0000000000080

I11) Neutrino modes

Double ratios of leptonic decays )

For example:

"= () / (e

From the form factor and CKM matrix point of view:

|Ves Voo * (f5, /f5)* : (fs,/f8)
R x o with: S |
|Vus[? (fo, /fp)? (fo, /fp)
&)
B. Grinstein, Phys. Rev. Lett. 71 (1993) A.G. Akeroyd, FM, JHEP 1010 (2010) .\\"“
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Flavour Observables
0000000000080

I11) Neutrino modes

Double ratios of leptonic decays )

For example:

"= () / (e

From the form factor and CKM matrix point of view:

|Ves Vio | (s, /fa)? with: (fe./f8) ~1

RS Vil (Fou [ - (fo./fo)

R has no dependence on the form factors, contrary to each decay taken individually!

@ No dependence on lattice quantities

@ Interesting for V,;, determination

@ Interesting for probing new physics

@ Promising experimental situation pe
B. Grinstein, Phys. Rev. Lett. 71 (1993) A.G. Akeroyd, FM, JHEP 1010 (2010) .\\-“)
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Flavour Observables
000000000000e

Double ratio

Rexp/RSM < 10.0 at 95% C.L.

tan
tan

200 400 600 800 100012001400 1600 18002000 200 400 600 800 100012001400 1600 18002000
my [GeV] m,,. [Ge

[V, p| = (3.92 £ 0.46) x 1074
A.G. Akeroyd, FM, JHEP 1010 (2010)

®
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Superlso
[ leJe]e]

Superlso

@ public C program

9 dedicated to the flavour physics observable calculations
@ various models implemented

@ interfaced to several spectrum calculators

@ modular program with a well-defined structure

@ Superlso Relic (with Alex Arbey): extension to the relic density calculation,
featuring alternative cosmological scenarios

@ complete reference manuals available

FM, Comput. Phys. Commun. 178 (2008) 745
FM, Comput. Phys. Commun. 180 (2009) 1579
FM, Comput. Phys. Commun. 180 (2009) 1718 / z
A. Arbey, FM, Comput. Phys. Commun. 181 (2010) 1277 \\""
o
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Superlso
[e] Te]e]

Models

Standard Model )
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Models

Standard Model J

General Two Higgs Doublet Model

automatic interface with 2HDMC for
@ General 2HDM and Types |, I, III, IV

e
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Models

Standard Model

General Two Higgs Doublet Model

S

automatic interface with 2HDMC for

@ General 2HDM and Types |, I, III, IV

MSSM (with Minimal Flavour Violation)

automatic interfaces with Softsusy, Isajet, Spheno and Suspect
available for

o CMSSM, NUHM, AMSB, HC-AMSB, MM-AMSB, GMSB
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MSSM (with Minimal Flavour Violation)

automatic interfaces with Softsusy, Isajet, Spheno and Suspect
available for

o CMSSM, NUHM, AMSB, HC-AMSB, MM-AMSB, GMSB

NMSSM

automatic interface with NMSSMTools available for
@ CNMSSM, NNUHM, NGMSB
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ive Approach Superlso
) [e] Te]e]

Models

Conclusion

Standard Model

General Two Higgs Doublet Model

automatic interface with 2HDMC for
@ General 2HDM and Types |, I, III, IV

\

MSSM (with Minimal Flavour Violation)

automatic interfaces with Softsusy, Isajet, Spheno and Suspect
available for

o CMSSM, NUHM, AMSB, HC-AMSB, MM-AMSB, GMSB

NMSSM

automatic interface with NMSSMTools available for
@ CNMSSM, NNUHM, NGMSB

\

BMSSM

automatic interface with a modified version of Suspect

\
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Superlso
[e]e] o]

Superlso

MSSM parameters NMSSM BMSSM THDM
AMSB, GMSB, CMSSM, NUHM, ... parameters parameters parameters

SLHA reader

C-structure
Parameters

Excluded masses

HiggsBounds
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Superlso
[e]e]e] )

Download

Superlso

< Description Superlso is a program for calculation of flavor physics observables in the Standard Model (SM), general
twe-Higgs-doublet model (2HDM), minimal supersymmatric Standard Mods! (MSSM) and next to minimal
supersymmetric Standard Model (NMSSM). Superiso, in addition to the isospin asymmetry of B - k*
gamma, which was the main purposs of ths first version, incorporates other flavor obssnvables such as the
branching ratio of 8 -> Xs gamma at NNLO, the branching ratio of BS -> mu+ mu-, the branching ratia of 6 ->
tau nu, the branching ratio of B -> D tau nu, the branching ratio of K -> mu nu as well as the branching ratios

= Manual

2p3.fr

+ Desciiption of DS -> tau nu and DS -> mu nu. It also computes the muon anomalous magnetic moment (g-2)

= Manual

For the isospin asymmetry, the program calculatss the NLQ supersymmetric contributions using the effsctive
Hamiltonian approach and within the QCD factorization method. Isaspin asymmetry is a particularly usetul
obsenable to constrain supersymmetric parameter spaces.

1SO.1N

- Superlzo Superlso uses a SUSY Les Houches Accord file (SLHAT or SLHA2) as input, which can be either generated
= Superiso Relic automatically by the program via a call to SOFTSUSY, ISAJET, NMSSMTools or provided by the user

= Superlso Relie shared Superlso can also use the LHA inspired format for the 2HDM generated by 2HDMC.

//super

Supeilso is able to perform the calculations automatically in the SM, in the 2HDM (general 2HDM or types

.. 1IV) and in different supersymmetry breaking scenarios, such as mSUGRA, NUHM, AMSB and GMSE (for
o MSSM) and CNMSSM, NGMSB and NNUHM (for NMSSM).

)

E For any comment, question or bug report please contact Nazila Mahmoudi

e
«J The iatest version of the manual can be found here (10 September 2009).

For more inform:

« E.Mahmoudi. arv:0710.3781 [hep-phl, JHEP12 (2007), 026
« M.R_Ahmady and F. Mahmoudi, hep-ph/0608212, Phys. Rev. D75 (2007), 015007
« D. Eriksson, F. Mahmoudi and . Stil. ariv.0808.3551 [hep-phl, JHEP11 (2008). 035
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Conclusion

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

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

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

9 This kind of analysis can be generalized to more new physics
scenarios

@ We have learned a lot from flavour physics so far

@ But what is still to be discovered is more!

AEH

N

e
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General THDM

Charged Higgs boson couplings to fermions:

H™DU : 7” VD ATm 1—V - mp 1 }
H™ ¢ 0 . - 7’ A my 14 Y
v 2\/§I”W ( )

THDM 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 II,1V: different doublets provide masses for down type quarks and charged

leptons
Type )\U AD AL
| cot 8 cot 8 cot 3
Il cot 3 —tan g —tan g
I cot 8 —tanp cot 3 /D
v cot 3 cot 3 —tanpf (o
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Combined results

mSUGRA

= Allowed

= Direct

mb-sy

m B, -1V
By — u' W

"=B-Dtv

= Kopv

C100 200 300 400 500 600 c‘IOO 200 300 400 500 600
m,,. (GeV) m,. (GeV)
my+ 2 400 GeV my+ 2 135 GeV

D. Eriksson, FM, O. Stal, JHEP 0811 (2008)
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Combined results

NUHM scenario

NUHM  m=500 GeV m,,=500 GeV A,=0 =500 GeV

B —Dtv
Direct limits

§"

\!

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

100 200 300 400 500 600 700 800 900 1000 Q

m,. [Ge
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Combined results

CNMSSM

CNMSSM  2=0.1 tanf=50 A =-900 A=-60
3500

3000

500 APENE AN S T S B T

0 200 400 600 800 100012001400 160018002000
m,,

FM, preliminary results
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