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AB=AS=1 decays as probes of new physics

FCNC transitions: loop- and CKM-suppressed in the SM, thus sensitive to NP

(Incomplete) list of promising observables in b — s decays:

mode interesting observables future improvements
B — X5y BR, Acp SuperB, Belle Il

B — K*~ BR, S LHCb

Bs — ¢y BR, S LHCb

B — X040~ BR, Ars SuperB, Belle Il

B — K*utu~ BR, Fi, Arg. Ao, S3, A7, Ag, S5 LHCb*
B— Kutu~  BR, Fy LHCb

Bs — ptu~ BR LHCb*, CMS*, ATLAS

Many opportunities to probe new physics!

David Straub (SNS & INFN, Pisa) Moriond EW Session, 2012
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By —utp~
BRsm = (3.2+0.2) x 107° BRexp < 7.7 x 107° @95% C.L. [CMS 2012]
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Scalar operators:
Virtually unconstrained by other processes
Can easily saturate the exp. bound
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By —utp~

BRsm = (3.2+0.2) x 107° BRexp < 7.7 x 107° @95% C.L. [CMS 2012]
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Semileptonic operators:

Scalar operators: Only Gio non-zero in the SM
Virtually unconstrained by other processes Constrained by b — s ¢~

Can easily saturate the exp. bound Cannot saturate exp. bound
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By —utp~

BRswm = (3.240.2) X 107°  BRewp < 45 x 107° @95% C.L.  [LHCb 2012]
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Semileptonic operators:

Scalar operators: Only Gio non-zero in the SM

Virtually unconstrained by other processes Constrained by b — s ¢~
Can easily saturate the exp. bound Cannet saturate exp. bound
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By —ptus

BRsm = (3.2+0.2) x 107° BRexp < 4.5 x 1072 @95% C.L. [LHCb 2012]
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Semileptonic operators:

Scalar operators: Only Gio non-zero in the SM
Virtually unconstrained by other processes Constrained by b — s ¢~

Can easily saturate the exp. bound Cannet saturate exp. bound
Can

In the following:
o assume C{) =0

e use b — sy, b — s{T¢™ to put model-independet constraints on
BR(Bs — pu~ u") in the absence of scalar operators
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b — s effective Hamiltonian
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Constraints on Wilson coefficients

What are the allowed ranges for the Wilson coefficients?

Measurements of
experimental observables

Model-independent constraints
on Wilson coefficients
This talk

Constraints on parameter space
of concrete models

Altmannshofer, Paradisi, DS 1111.1257

see also
Bobeth et al. 1111.2558, 1006.5013
Descotes-Genon et al. 1104.3342
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Constraints on Wilson coefficients

What are the allowed ranges for the Wilson coefficients?

"Naive theorist's combination" of
EXP results;

Estimation of TH uncertainties;
All uncertainties assumed Gaussian

Measurements of
experimental observables

_ _ 5 (O OwP
Model—md_ependent (_:o.nstramts o2 + o2,
on Wilson coefficients
This talk
Constraints on parameter space Altmannshofer, Paradisi, DS 1111.1257
of concrete models
see also

Bobeth et al. 1111.2558, 1006.5013
Descotes-Genon et al. 1104.3342
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Constraints on C5, Cq, Cio

Varying 1 Wilson coefficient at a time. C; = C?™ + CNP
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Constraints on C5, Cq, Cio
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Constraints on C5, Cq, Cio

Varying 1 Wilson coefficient at a time. C; = C?™ + CNP
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Constraints on C;, Cy, Cyg

Varying 1 Wilson coefficient at a time. C; = C?™ + CNP
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e Good agreement with SM expectations
o Complementarity between observables crucial to break degeneracies
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Constraints on the NP scale

Results can be interpreted as bounds on the scale of new physics:
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Constraints on the NP scale

Results can be interpreted as bounds on the scale of new physics:
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Constraints on the NP scale

Results can be interpreted as bounds on the scale of new physics:

el .
L=tu- 3 VinVis € ~loop level CKM-like
50 1672 /\JZ- g flavour violation
J=109,
1.2
0.6
1.0
. 0.5
Zos8 < S
> > )
2 2 o 2 04
— 0.6 o o
< Zoa W Sos
0.4
0.2 0.2
0.2
0.1 0.1
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 15 2.0 0.0 0.5 1.0 1.5 2.0
b7/7 o/ $10/7

e Bounds are weaker in the presence of CP violation beyond the CKM
e Reason: only CP-averaged observables
e Measurement of CP asymmetries would be welcome
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mpact o asymmetries

Example 1: direct CP asymmetry in B — X,y
Dominated by poorly known long-distance contribution in the SM
Very limited usefulness to constrain NP [Benzke, Lee, Neubert, Paz (2010)]

Example 2: angular CP asymmetry A; in B — K*utp™ at low ¢°
(0 in the SM, not suppressed by small strong phases)
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Re(C)™ Re(CP)
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Impact of CP asymmetries

Example 1: direct CP asymmetry in B — X5
Dominated by poorly known long-distance contribution in the SM
Very limited usefulness to constrain NP [Benzke, Lee, Neubert, Paz (2010)]

Example 2: angular CP asymmetry A; in B — K*utp™ at low ¢°
(0 in the SM, not suppressed by small strong phases)
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e Measurement of A; with precision < 0.1 would give a valuable constraint
e Is it doable?
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Constraints on C; vs. Cq vs. Cyg

Now: correlations between 2 real Wilson coefficients
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Constraints on C; vs. Cq vs. Cyg

Now: correlations between 2 real Wilson coefficients
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Constraints on C; vs. Cq vs. Cyg

Now: correlations between 2 real Wilson coefficients
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Constraints on C; vs. Cq vs. Cyg

Now: correlations between 2 real Wilson coefficients
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e B — K*uTu~ data exclude various “mirror solutions”
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Constraints on C; vs. Cq vs. Cyg

Now: allow all 3 real coefficients to vary and marginalize over the third one
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o Coro=—C5M NEW: disfavoured by B — K*u*p~ data

David Straub (SNS & INFN, Pisa) Moriond EW Session, 2012



Constraints on C; vs. Cq vs. Cyg

Now: allow all 3 real coefficients to vary and marginalize over the third one
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o« G;=-CM disfavoured by BR(B — Xs£T€7) [Gambino, Haisch, Misiak (2004)

o Coro=—C5M NEW: disfavoured by B — K*p* ;™ data

David Straub (SNS & INFN, Pisa) Moriond EW Session, 2012



Constraints in the presence of phases

More general case with phases and/or right-handed currents: constraints weakened

e.g. Re(Cg) VS. Re(Cm)

NP,

10
NP,
10)

Re(C.
Re(C

-10 -5 0
cy’ Re(C)?) Re(C)P)
SM operator basis SM operator basis SM op. + chirality-flipped
only CKM CP violation generic CP violation generic CP violation

More data needed to break degeneracies
Observables directly sensitive to chirality and/or CPV

David Straub (SNS & INFN, Pisa) Moriond EW Session, 2012



Fit predictions

Scenario 10° BR(Bs — pup)  |(A7)] [(As)| [(Ag)| (S3)
Real LH [1.0,5.6] 0 0 0 0
Complex LH [1.0,5.4] <031 <0.15 0 0
Complex RH <5.6 <022 <017 <0.12 [-0.06,0.15]
Generic NP <55 <034 <020 <015 [-0.11,0.18]
LH Z peng. [1.4,5.5] <027 <014 0 0

RH Z peng. <38 <022 <018 <0.12 [-0.03,0.18]
Generic Z p. <41 <028 <021 <0.13 [-0.07,0.19]

B— Ky~
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Fit predictions

Scenario 10° BR(Bs — pup)  |(A7)] [(As)| [(Ag)| (S3)
Real LH [1.0,5.6] 0 0 0 0
Complex LH [1.0,5.4] <031 <0.15 0 0
Complex RH <5.6 <022 <017 <0.12 [-0.06,0.15]
Generic NP <55 <034 <020 <015 [-0.11,0.18]
LH Z peng. [1.4,5.5] <027 <014 0 0

RH Z peng. <38 <022 <018 <0.12 [-0.03,0.18]
Generic Z p. <41 <028 <021 <0.13 [-0.07,0.19]

f B— Ky~

LHCb starts to probe the
region accessible to models
without scalar op.s!
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Summary

Rare b — s decays probe flavour physics beyond the SM

= Model-independent constraints: bounds on Wilson coefficients

At the moment, everything consistent with SM

But: still room for new physics

e Most constraining observables at present:

BR(B — Xs7), angular obs. in B — K*u u™, Bs — utu™, Skey

e Wiaiting for improved measurements of observables sensitive to
chirality/CP violation

Argo(B = K'pt ™), Ss(B = K™t ™) (~ AD), Sk, ...

David Straub (SNS & INFN, Pisa Moriond EW Session, 2012



Then...
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B — K**{~

B — K*(— Km)tT¢~ offers a plethora of observables sensitive to new physics
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Plots, plots, plots
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