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Recent LHCb data
on rare B decays shows
remarkable agreement with the
Standard Model predictions
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Rare B Decays as Probes of New Physics

b — s FCNC transitions are loop- and CKM-suppressed in the SM
— high sensitivity to New Physics

(incomplete) list of interesting observables in b — s decays:

‘ decay ‘ interesting observables current exp. data
B — Xsv BR BaBar, Belle
B — K*y BR, S BaBar, Belle
B — Xslte— BR, Arg BaBar, Belle
B— Kutu~ BR, Fu BaBar, Belle, CDF
B — K*utu~ | BR, F, Ars, S, A7, Ag, Ao, ... | BaBar, Belle, CDF, LHCh
Bs — utu~ BR CDF, LHCb, CMS, Atlas
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Effective Hamiltonian

4G¢

oS = — R vV (co+co)
\/E tb Vits 16 162 Z |
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(Xs, K*) v * tensor
B — (Xs,K,K*) ¢t¢= * * * operators
Bs — utp~ * *

Wolfgang Altmannshofer (Fermilab) Constraining New Physics in Rare B Decays Pheno 2012 4/14



Constraining New Physics

| experimental data |

Model independent
constraints
on Wilson Coefficients

Constraints on
parameter space
of concrete models

see also Descotes-Genon, Ghosh, Matias, Ramon '11, Bobeth, Hiller, van Dyk, Wacker '11
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Constraining New Physics

experimental data . . o
| P | » naive theorist's combination of

experimental results

- » assume experimental and theory
Model independent uncertainties to be gaussian
constraints
on Wilson Coefficients

» construct x? function:

X2 _ Z (Oexp - Oth)2

2 2
Texp + O

see also Descotes-Genon, Ghosh, Matias, Ramon '11, Bobeth, Hiller, van Dyk, Wacker '11
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Constraints on Scalar Currents *preliminary*

consider one complex Wilson coefficient at a time
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From now on consider only Cy and Cj, effects in Bs — putpu~

Wolfgang Altmannshofer (Fermilab) Constraining New Physics in Rare B Decays Pheno 2012 6/14



Constraints on Left-Handed Currents *preliminary*

consider one complex Wilson coefficient at a time (C7, Cg, C10)
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consider one complex Wilson coefficient at a time (C7, Cg, C10)
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Constraints on Left-Handed Currents *preliminary*

consider one complex Wilson coefficient at a time (C7, Cg, C10)
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Data shows reasonable agreement with SM: ng/Ndof =24.6/23
Imaginary parts are less constrained — need to measure CP asymmetries
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Constraints on Right-Handed Currents *preliminary*

consider one complex Wilson coefficient at a time (C7, C§, C1,)
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consider one complex Wilson coefficient at a time (C7, C§, C1,)
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consider one complex Wilson coefficient at a time (C7, C§, C1,)
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Constraints on Right-Handed Currents *preliminary*

consider one complex Wilson coefficient at a time (C7, C§, C1,)
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Constraints on Right-Handed Currents

consider one complex Wilson coefficient at a time (C7, C§, C1,)
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(time dependent CP asymmetry)

complementary information from the different exclusive decays

imaginary parts are as constrained as real parts
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ImpaCt of S3 and Ag *preliminary*

» B — K*uu~ offers two observables that
vanish in absence of right-handed currents: S; (aka A(TZ)) and Ag

» S; probes CP conserving right-handed currents
» Ag probes CP violating right-handed currents

everything but S; and Ag
6 i

Wolfgang Altmannshofer (Fermilab) Constraining New Physics in Rare B Decays Pheno 2012 9/14



Impact of S3 and Ag *preliminary*

» B — K*uu~ offers two observables that
vanish in absence of right-handed currents: S; (aka A(Tz)) and Ag

» Ss probes CP conserving right-handed currents
» Ag probes CP violating right-handed currents

everything but S; and Ag only S3 and Ag Full Combination
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» measurements by LHCb (and CDF) already lead to non-trivial constraints

Wolfgang Altmannshofer (Fermilab) Constraining New Physics in Rare B Decays Pheno 2012 9/14



Implications for the NP Scale

ca =+ 3
i

Cj C;
_— Oi + 1
N Ot R
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Operator Anp (TeV) for |ci(’)| =1

+ - +i =i

O7= (SouPrb)FH 69 275 43 39

O = (SouPLb)Fr 46 71 83 48

Og = (SyuPLb)(&y*¢) 28 73 21 23

Of = (37uPrb)(Ey40) 48 22 24 28
O10= (ByuPLb)(ly#vst) 45 32 23 23

Olp = (57uPrb)(ly#ys0) 25 82 36 25

Os — 0% = mm—;s(@sb)(e‘z) 93 93 98 98
Op — O = nT—Bh(§'ysb)(€_'y5ﬁ) 173 58 93 93
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Generalizations |

consider 3 real left-handed Wilson coefficients simultaneously

marginalize over the third one
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Flipped sign solutions:

» C79,10 = —C3% 1o : cannot be excluded by low energy data

» C;=-C5M:

— SM .
> Cg}lo = _C9,10 :

Wolfgang Altmannshofer (Fermilab)

excluded by B — Xs¢* £~ (Gambino, Haisch, Misiak '04) and
(now) also by LHCh measurement of Agg(B — K*utu™)

excluded by LHCb measurement of Agg(B — K*pu™p™)
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Generalizations I

consider also phases and right-handed currents

Re(C)t)
)

NP.
10

Re(C;

-5

Re(Cy")

only left-handed currents
only CKM CP violation

only left-handed currents

left- and right-handed currents
generic CP violation

generic CP violation
» More data needed to break degeneracies

» Observables that are directly sensitive to right-handed currents and/or CP violation
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Predictions for Observables *preliminary*

95% C.L. predictions for observables to be measured/improved

Ci | C/ | BRBs = ptu™)  [(Aduel  [(Asdwel  1{Ad),6l (S3)qL,61
R |0 |[17,48]x10°° 0 0 0 0

C |0 | [11,44]x107° <25% < 14% 0 0

0 | C |[09,45]x10"° <23% < 16% < 8% [—4%, 8%]
R | R <4.6x10°° 0 0 0 [—7%, 14%)]
c|cC <4.3x107° < 34% < 21% <13%  [~7%,13%)]

Still room for New Physics!
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Summary N

Recent experimental results on

B — K®yutu~ and Bs — ptp~ show

good agreement with the Standard Model predictions
Strong constraints on New Physics:

Anp = 20 — 200 TeV for O(1) b — s couplings at tree level

The different exclusive decays give complementary
information on right-handed currents:
Looking forward to LHCb results on B — Kt~

Looking forward to improved measurements of
observables directly sensitive to right-handed currents
and CP violation: Sz, A7 g9, ...
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Our Naive Bs — ™~ Combination

CMS Preliminary
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