Theory Status of Leptonic and Semileptonic b-decays:
Window to New Physics

Alejandro Celis

Ludwig-Maximilians-Universitat Munchen

Unterstiitzt von / Supported by ?
PNl ARNOLD SOMMERFELD
UNIVERSITAT Alexander von Humboldt
MUNCHEN CENTER For THEORETICAL PHYSICS Stiftung/Foundation

March 30, 2017



Contents

Current experimental data

New Physics scenarios



Motivation

Tree level charged current mediated decays in the SM

Allows extraction of CKM matrix elements with expected |

. small or negligible NP contamination

Laboratory for non-perturbative QCD studies
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Motivation

Leptonic and Semileptonic B meson decays
as a Window to New Physics

But what New Physics?

| will focus on possible violations
of Lepton Flavour Universality (LFU)



Motivation
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Motivation

Considering both observables, the difference with the SM
predictions is at about 3.9 sigma

Taken at face value, hints to violation of LFU at the 30% level

This would be surprising, given that

P'r—w,-e Ve /Pu—w,,e Ve P'r—w.-w/rvr—w, Vs P*r—w,— K/FK—m Vs FH-"—rr Usr /r.l'i-"—m Vs

9+/9,] 1.0007 4+ 0.0022 0.992 + 0.004 0.982 + 0.008 1.032 £+ 0.012
P*r—w.-u Py /F'r—ww Ve er—mﬁ,,. /Pvr—m Ve PK—)p. Ve /FK—N? Ve PK—nrp Uy /FK—me e
9./ 9| 1.0018 + 0.0014 1.0021 4 0.0016 0.998 + 0.002 1.001 £ 0.002
Twopo, /[Twoen. | Crasvopi, /Tusvien. Twors /[Twoen,
9./ 9| 0.991 + 0.009 19+/ge 1.0016 4+ 0.0021 1.023 4+ 0.011
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Observables
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experimental error still very large
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Parametrization of the hadronic amplitude f+(0) = fo(0)
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HPQCD Collaboration (2015)
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_ Current experimental data
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adapted from AC, Jung, Xin-Qiang, Pich [1612.07757]
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Ro(w) = R2(1) + 0.11(w — 1) — 0.06(w — 1)* Caprini, Lellouch, Neubert [9712417]

hoa (1), p% Ry(1) and R5(1) values from B — D*4u (£ = e, u) > HFAG _
Rq(1) extracted from Heavy Quark Effective Theory [Falk, Neubert (1992)]
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R3(1) = = 0.97 +0.10

includes leading-order perturbative (in as) and power (1/m, ) corrections to the

heavy-quark limit, plus 10% uncertainty to account for higher-order contributions.
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_ Current experimental data
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_ Current experimental data

p D" _ L
T—F+ 1-1_1 T %T‘- V?IO vV

ot 1
0.5

0
-0.5
1

-1.5

. Belle (2016)

%15 02 025 03 035 04
R(D*)

With Belle Il in mind, considerable recent progress on the description
of the full angular distributions in the presence of generic NP

—
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Becirevic’, Tayduganov, Fajfer, Nisandzic, Alonso, Camalich, Westhoff, Datta, Duraisamy, Ghosh
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_ Current experimental data
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Current experimental data

Reconstruction of 7= — 777~ 7 v.. from a known vertex

Tau decay BR
€ Velr, b VyVr ~ 18%
™ UV ~11%
< —. 0

W m ~ 25%

7r_7r07r01/ ~ 9%

T T TV ~ 9%
7r_7r+7r_7r01/ ~ 3%

Expected LHCb measurement rederico Betti talk in Moriond 2017

Estimated statistical precision is competitive with previous
LHCb measurement in the muonic mode



New Physics scenarios Problems with a charged scalar
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big tension between
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None of the 2HDM with NFC can accommodate the excess in R(D*)

but possible with Type Il 2HDM (with tree-level FCNCs) Crivellin et al.



http://inspirehep.net/record/1197324
http://inspirehep.net/record/1225272

New Physics scenarios

_ 4GFun(Jd — ( quqd? quqdl .
Lo =——"1 (g8 Py + g5 Pr)aa tPui]
1.5
® R(DW)
€ g2 distribution
® I;
-1.5
-1.5 -10 -05 00 05 10 15
Re(ngt)

[1612.07757]



New Physics scenarios I'p

Xin-Qiang Li, Y.-D. Yang, and X. Zhang (2016) Alonso, B. Grinstein, and J. Martin Camalich (2016)
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New Physics scenarios
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New Physics scenarios
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NP models expected to generate
a richer spectrum of operators

|

DsixTools
AC,J. Fuentes-Martin, A. Vicente, J. Virto

2499 ADM of D=6 SMEFT op.

M. Trott et al.

among other things,
expected to be public in April

| more details in Avelino talk in Portoroz



Summary

Hints for violation of LFU in semileptonic B decays

SM predictions for R(D) and R(D*) from latest analyses
find good agreement with previous estimates. The theory
uncertainty has been reduced.

Model building associated to these hints is very
challenging. Large NP effects required usually cause
problems in other observables.



