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Experimental results

The BABAR Collaboration reported the measurements [ ]
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Theoretical explanation of the anomaly  (l)

In @ New Physics scenario, a possible explanation is the exchange of new scalars that couple to
leptons proportional to their masses, with two main consequences:

® cnhancement of the modes with t in the final states

® both purely leptonic and semileptonic channels would be affected

.. but
The simplest framework of 2ZHDM-I| is excluded by the BABAR fit:
no choice of parameters simultaneously reproduces the experimental data on R(D) and R(D*)
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Theoretical explanation of the anomaly  (ll)

4 ™
Let us consider a New Physics scenario in which: [P.B., P COlan.gelo
and F. De Fazio

® only the semileptonic modes are enhanced but not the purely leptonic ones PRD 87 (2013) 074010]

\0 can be tested in similar modes via suitable observables )

SM NP
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new tensorial coupling: et?=0 (£=e, 1) while er'zeT =0

Differential branching ratio in charmed mesons
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[see also Tanaka & Watanabe PRD 87 (2013) 034028]



R(D™) in the Standard Model

® The decays B -> D t v{ depends on several hadronic form factors, e.g.
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® They reduce to the Isgur-Wise & function in the heavy quark (HQ) limit

Taking into account corrections to HQ limit +
experimental determination of &€ by BABAR (from B -> D u v) and Belle (B -> D* u v)
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- - :D which deviates @1.50 from the experiment
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R(D*)sm=0.250 + 0.003
which deviates @2.30 from the experiment
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Phenomenology of a new tensor coupling

Could the new effective coupling reproduce both the measures of R(D(")?
Overlap region
R(D) constraint
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( varying €1 in this range, predictions for several observables have been obtained)




Polarization fractions in B -> D* t v
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® SM uncertainties depend on 1/mq corrections + experimental errors on the &’s parameters

fitted by Belle Collaboration
® NP uncertainties include the range of variability of the new coupling

1. @small g% -> FL dominant in SM
2. @ g°~6 GeV?F_~Ft in the NP scenario




Ars(q?)

Forward-backward asymmetry and differential BR

1 dl’
A ( 2) - fO dCOSHﬁdq%lcos@g f dCOSH@d 2d(:OSHg
FB\{4 ) — ar
dq?
8.,= angle between the charged lepton and the
D* in the lepton pair rest frame
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1. SM predicts a zero @ g2~6.15 GeV?
2. in NP scenario the zero is shifted to g? € [8, 9] GeV?

; ‘BABAR differential g? decay

|| distributions do not show a

|| significant deviation with respect
{to SM

J

Events/ (0.5 GeV?)
Events/ (0.5 GeV?)

[ see also BABAR: PRD 88 (2013) 072012]
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Predictions for D** channels

D** : excited positive-parity charmed mesons

The semileptonic B decays to these channels could confirm NP physics scenario like the one
proposed here.

® These states can be collected into two doublets
4 K / P
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® |n the HQ limit the form factors of B ->D** decays can be parameterized via a single IW function
)

(B — (Dzks) 0’ ES) 1) H7_1/2

B = (Digy1, Disy2) — T372

® We explore the same observables seen for the B -> D channel looking for interesting
signatures : R(D**) and Ars
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Predictions for D** channels
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B — K* ¢+¢-

[P.B., P. Colangelo and F. De Fazio BARI-TH/2014-687]

b — s ¢+ ¢ effective hamiltonian:
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® Hadronic uncertainties can be softened by using optimized observables
[definitions in Altmannshofer et al. JHEP 0901 (2009) 019 - Descotes-Genon et al. JHEP 1301 (2013) 048]

® New oustanding results from LHCb Coll. [JHEP 1308 1371 -PRL 111 (2013) 191801]
— a huge set of optimized observables P’i measured (Matias talk)

® Tensions with respect to SM in P’s @3.70 in one g2 bin — a signal of New Physics?




Randall-Sundrum model with custodial symmetry

/ [Randall & Sundrum PRL 83, 3370]
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(o All the gauge fields and the fermions are allowed to propagate in the bulk, Higgs field localized on the TeV A
brane -> the EWSB scale depends on a geometric factor, only the Planck scale is physical

® Boundary conditions (Neumann vs Dirichlet) select the zero modes

® Gauge group: SU(3)c x SU(Z2)rx SU(2)L x Pir x U(1)x -> flavor structure not trivial: new gauge bosons
mediate FCNC at three level (to take under control !)

® Zbb coupling and the T parameter ‘custodially protected’

® Several theoretical motivations
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Z os] c=048 | The ci parameters determine the localization of the fermion along
cfé - i the extra dim. -> they must be constrained by EW precision data.
021
| S — | [see Casagrande et al. JHEP 0810 094; JHEP 1009 014]
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RSc contribution to B — K* ¢+¢-

e N
) ; [ Blanke et al. JHEP 0903 001;

AYS JHEP 0903 108; JHEP 0909 064;

r N ..
fim ACq = ANL JHEP 1208 038]
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e Main contributions to ACO); coefficient:
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RSc predictions facing LHCb data
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Conclusions

|. Flavor physics in exciting time since new data are /will be available with the LHC

2. Most tensions with SM have been softened while others still remain or have been
discovered and puzzle us

3. Semileptonic decays with tau in the final states can be used to test some new
effective structures — interesting signatures for a new tensorial coupling (LHCb is
planning to do measurements)

4. B — K* ¢+¢-puzzle still survives in RSc scenario.
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