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f (theoretical cleanliness)

Z. Ligeti: arXiv:1704.02938[hep-ph]
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J.T. Wei et al,

RK(*) at BElle PRL 103, 171801 (2009)
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Wei et al,

RK(*) at BElle PRL 103, 171801 (2009)
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> Decaysinvolved are B - K®[*]~ Z boson Lep::::_ir
» Mediated via Electroweak Penguin process

» Possibility of having non-SM particle in the loop
» Two charged lepton in the final state allow for clean event selection
> Currently available Belle results are with 605 fb~! of data and the measurements of
Ry and R+ were performed in full g range.
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Angular analysis of B > K'l'l™

S. Wehle et al,
 (F,,Apg and S;) are the observables PRL 118, 111801 (2017)
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> Decays involvedare B - D®tvand B - DMy

» They are not rare decays, tree level transition, mediated via a

W in the SM, BF ~ 1-5%

» B — D™ v canalso receive contribution from charged Higgs

(which appears in SUSY, 2HDM)
» Leptoquark mayalso contribute to this process.

Measured ratios are traditionally been above the SM prediction
BaBar repoted the first discrepancy, confirmed by Belle and LHCb

May be the first sign of New Physics!!!
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R using Hadronic tag

M. Huschle et al, PRD 92, 072014 (2015)

» Fully reconstructed hadronic decays on tag side (1149 B final states) B(B— D) (B — Dro)
» T lepton is reconstructed in the leptonic decayst — lvv,l = e, u; so that signal |Rp. = B(B— D) D= B(B— Diw)
and normalization modes have the same detectable final state particles.
> 4 signal samples DT, D°1,D**1, D*0] é: 07 SM
> Calculate missing mass squared: M2, .. = (Pgeam—Pp — P)*; o5k Rl )
> Low-MZ . _region is dominated by the lepton normalization and has s
essentially no sensitivity to to the 7 signal - 3
> Fit M2 . directly for lepton normalization yields E
> High-MZ . . region sensitive to the 7 signal “F ?
» Discrimination power in M,Zm-SS between the 7 signal and D** o2 1
background is less 0.1
» Fit a NN spectrum to obtain the 7 signal yield: NN has 8 input 00: e
variables, most discrimination power comes from E.; (unassociatec L R(D)
energy in calorimeter) and p;" (lepton momentum in CM frame) ﬁ.D & Rp- are within 1'4.0 gnd 1.80
_ B , ONN ~Oumim igher than the SM predictions!
» Fit actually modified NN output: Oy = log(omax—_ONN) RSM — 0.252 4 0.003

SM __
R, = 0.293 £ 0.038 & 0.015 Rp~ = 0.297 +£0.017

R, = 0.3751 0.064 £ 0.026 Fajfer, Kamenik & Nisadizc, PRD 85, 094025 (2012);
Kamenik and Mescia, PRD 78, 014003 (2008)




R using Hadronic tag
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=1 Constraint on Type II charged Higgs

Belle’s measurements are compatible with Type-II

BaBar’s measurements were notably higher tanp
= 0.5

than SM and disfavored Type-1l 2HDM 2HDM in the region
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> Only neutral modes: signal B = D**tv and normalization BO - D**lvy

> Tagside B® — D** v (for normalization channel, both signal and tag sides decayto D*Iv)

» More efficient than hadronic tag, but challenging as neutrino also in Tagside
» Use

2FEbeamEp+g — m%ct — M3, ¢t
2|pB| - [PD~e

cosOp.p+y =
2

to distinguish signal and normalization.
> 2D fit to the variables Eg;; and Oyg; the input variables to NB are M~ .,
and cosOg_p+;
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R ,+-using Hadronic tag

» Hadronic tagging (1104 B final states)
» Hadronic 7 decays: T = nv, pv

T rest frame
via the helicity ﬁg

+ —_

» Measure also the 7 lepton polarization P, = —

dr
T costr & 1+ aP.cosb,; [a =1 (~0.45)for T — v (pv)] Ohel

» 2D fit to the variables Eg.; and cos8,, for signal extraction

angle,

> For normalization mode, fit to M2, is used
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This may be the first sign of Physics beyond the SM. LHCb

run Il and Belle |l should resolve this.
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~ 40 higher than the SM

R(D) =0.297 +- 0.017 [Kamenik & Mescia, PRD 78, 014003 (2008)]
R(D*=0.252 +- 0.003 [Fajfer et al., PRD 85, 094025 (2012)]

More Recent SM Predictions (Lattice):

R(D) =0.299 +- 0.011 [Bailey et al. (FNAL/MILC), arXiv:1503.07237]
R(D) =0.300 +- 0.008 [Na et al. (HPQCD), arXiv:1505.03925]
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Summary

» We have presented the recent results of R, ,R,» and Pé measured at Belle
» Observables R, and P; are traditionally above the SM predictions and are consistent with other experiments
> A Belle analysis is ongoing to measure R, (»

» First data from Belle Il will be available in 2019: Belle Il and LHCb run Il will clarify many of the flavor anomalies
currently we are seeing at the level of 2 — 4 standard deviations!



