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Introduction/Motivation Test of LFU in semileptonic B meson decays

Test of LFU in semileptonic B meson decays

Recent tests of lepton flavor universality (LFU) in B meson decays (b — c7;), performed by the
BABAR, Belle and LHCb experiments, have shown consistent deviations from the SM predictions.

[Fajfer and Murgui (CHARM 2020)].

)7
Ry = BRB 2 DTv0) oy,
BR(B — D) /py)

Observable Measurement Experiment SM prediction ~ Tension
R(D) 0.307 + 0.037 + 0.016 Belle-2019  0.299 + 0.003 0.20
0.340 £+ 0.027 £ 0.013  HFLAV-2019
0.283+£0.018 £0.014  Belle-2019  0.258 +0.005  1.10
0.295 + 0.011 £+ 0.008 HFLAV-2019

Experimental status on observables related to the charged transition b — c7,.

(R(D) and R(D*) anomalies!]
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Introduction/Motivation Test of LFU in semileptonic B meson decays

Test of LFU in semileptonic B meson decays

Heavy Flavor Averaging Group (HFLAV) - 2019

BaBar (2012), had. tag
BaBar (2012), had. tag 0332 £ 0.024 + 0,018 -
[ —
0.440 + 0.058 + 0.042 Belle (2015), had. tag
Belle (2015), had. tag 0293 + 0.038 + 0.015
0.375+ 0.064 + 0.026 — Belle (2017), (had. tau)
Belle (2019), 9. tag 0.270 + 0.035 £ 0.0
0.307 +0.037+ 0016 “—f*— Belle (2019), §l.tag
Average 0283+ 0,018 + 0.014
0.340 0,027 + 0.013 —— LHCb (2015), (muonic tau
SM pred. average 0336 + 0.027 + 0.030 ——
0.299 + 0,003 LHCb (2018), (had. tau)
PRD 94 (2016) 094008 0.280 + 0.018 + 0.029
0.299 + 0.003 Average
0.295 + 0,011 + 0,008 ——
PRD 95 (2017) 115008 SM pred. average
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Introduction/Motivation Test of LFU in semileptonic B meson decays

Test of LFU in semileptonic B meson decays

Heavy Flavor Averaging Group (HFLAV) - 2019
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Introduction/Motivation

Test of LFU in semileptonic B meson decays

Test of LFU in semileptonic B meson decays

In addition, the LHCb reported a measurement on R(J/¢) = BR(B. — J/¢70,)/BR(B. —
J/¢uw, ), and the polarization observables r lepton polarization P (D*) and. D* longitudinal po-
larization F' (D*) have been observed by the Belle experiment [Murgui (CHARM 2020)].

Observable Measurement Experiment SM prediction Tension
R(D) 0.307 +0.037 £ 0.016  Belle-2019 0.299 + 0.003 0.20
0.340 + 0.027 + 0.013  HFLAV-2019
R(D*) 0.283+0.018 £ 0.014  Belle-2019 0.258 + 0.005 110
0.295 £+ 0.011 £ 0.008 HFLAV-2019
R(J/v) 0.71£0.17+0.18 LHCb-2018 0.283 £ 0.048 2.00
P-(D*) ~0.38 +0.517521 Belle-2018  —0.497 + 0.013
Fr(D*) 0.60 £ 0.08 + 0.035 Belle-2019 0.46 £ 0.04 1.60
R(X.) 0.223 + 0.030 PDG 0.216 4 0.003 020
B =17 0r <10% (2.16 £ 0.16) %

Experimental status on observables related to the charged transition b — cri.,.
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Introduction/Motivation Test of LFU in leptonic Y meson decays

Test of LFU in leptonic T meson decays

@ LFU can also be tested through the ratio of leptonic decays of bottomonium meson Y (n.S)
[Aloni, Efrati, Grossman, & Nir, 1702.07356].

_ BR(Y(nS) = 7t77)

Rrns) = BR(Y(nS) — £+0-) (n=1,23)

Observable Measurement Experiment SM prediction Tension
Ry(1s) 1.005 £ 0.013 £0.022 BABAR-2010  0.9924 + O(107?) 0.5¢0
Ry (25) 1.04 +0.04 4 0.05 CLEO-2007 0.9940 + O(10°°)  0.8¢
Ry (3s) 1.05 4+ 0.08 £ 0.05 CLEO-2007  0.9948 + O(107?) 0.60

0.966 4- 0.008 - 0.014  BABAR-2020 1.80
0.968 +0.016 Average 1.70

Experimental status on observables related to the neutral transition bb — 77,

[Banerjee (CHARM 2020)].

b — et decays also induce effects in the neutral-current bb — 77— transition [Faroughy,

@ New physics scenarios aiming to provide an explanation to the LFU violation anomalies in
Greljo, & Kamenik, 1609.07138; Aloni, Efrati, Grossman, & Nir, 1702.07356]. J
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Introduction/Motivation NP explanations to the charged-current b — ¢+ anomalies

NP explanations to the charged-current b — c7v, anomalies.

Model-independent approach

Effect of NP operators regarding the most general dimension-six effective Lagrangian contributing
to b — cr-. [Murgui (CHARM 2020)]

@ NP arising from LH vector Cy, associated with the operator (¢, Prb)(7+* Prv-) is a pre-
ferred solution to address the anomalies, providing a good fit to the data.

Murgui, Pefuelas, Jung & Pich, 1904.09311; Mandal, Murgui, Pefuelas, & Pich, 2004.06726; Shi et al,
1905.08498; Blanke et al, 1905.08253; Bhardam & Ghosh, 1904.10432
v

Cy, : NP scenarios

@ Vector Leptoquarks

Hati, Kriewald, Orloff & Teixeira, 1907.05511; Fornal, Gadam & Grinstein, 1812.01603; Becirevic et al,
1806.05689; Yan, Yang & Yuan, 1905.01795; Cornella, Fuentes-Martin & Isidori, 1903.11517

o Extra gauge bosons W’

Gomez, NQ, & Rojas, 1907.08357; He & Valencia, 1711.09525; Boucenna et al, 1608.01349; Greljo, Isidori
& Marzocca, 1506.01705; Abdullah et al, 1805.01869; Greljo, Camalich & Ruiz-Alvarez, 1811.07920
w

We reanalize the extra gauge boson scenario within the vector triplet model. '
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Vector Triplet boson model

Vector Triplet boson model (SM + Extra gauge bosons)

The SM is extended by including a color-neutral real SU(2), triplet of massive vectors W’
and Z’ that coupled predominantly to LH fermions from the third-generation [Greljo, Isidori &
Marzocca, 1506.01705; Faroughy, Greljo, & Kamenik, 1609.07138]

(4]

_ = O 7 O
LU=V ngzfﬂ’“WSQz +grL37a’Y”W,°}L3,

where g, and g, are the corresponding couplings of LH quarks and leptons to vector bosons.
NP effects are for light lepton modes (e or p).

After the heavy vector bosons are integrating out, the relevant charged-current and neutral-
current operators are given by

©

©

9b9T1

Lecb—ctvr) = — 5 Ve (Eyu PLb) (7" PLvr) + Hec.,
2MW’
7 — _ 9v9r 7 —
Lnc(b = 77) = ——==-(byu.PLb)(Ty* PLT),
M2,

(4]

The gauge bosons are (almost) degenerate My ~ M5, (EW precision data).

The NP effects are driven by the mass scale of the heavy mediators and the size of couplings
gp and g, (we will take these couplings to be real).

(4]

v
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Vector Triplet boson model Phenomenological analysis

Phenomenological analysis of the VTB model

To provide a robust phenomenological study we perform a x2 analysis by taking into account the
following data:

b — cri, data: R(D™) (HFLAV 2019 averages), R(J/v), R(X.); the polarizations
P.(D*), Fr,(D*); and the upper limit BR(B; — 7~ 77) < 10 %.

@ Ry old data: RT(IS) BABAR-10, RT(ZS) CLEO-07, and RT(BS) CLEO-07.
© Ry with BABAR-20 data: Ry (;5) BABAR-10, Ry (25) CLEO-07, and Ry 35y BABAR-20.
@ Ry combined data: Ry 15y BABAR-10, Ry (25) CLEO-07, and R (35) average.

@ Projected Belle Il scenarios (New!): for 50 ab—! data improvements at the level of ~ 2 — 3%
and ~ 2 % will be achieved for the uncertainties (statistical and systematic) of R(D*) [Belle Il
Physics Book, 1808.10567].

Belle 1I-P1: Belle Il measurements on R(D(*)) keep the central values of Belle combination
averages with the projected Belle |l sensitivities .

Belle II-P2: Belle || measurements on R(D(*)) are in agreement with the current SM predic-
tions at the 0.10 level with the projected Belle Il sensitivities.

@ LHC bounds and prospects at the high-luminosity (HL)-LHC [Marzocca, Min, & Son, 2008.07541;
Iguro, Takeuchi, and Watanabe, 2011.02486].

y
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Vector Triplet boson model Phenomenological analysis

Phenomenological analysis of the VTB model

Fit results for My;,» = 1 TeV (couplings in the perturbative regime < v/4r)

Dataset (9p, gr) X2, /Naot  p-value (%) pullsm
b— crir (2.99,1.54) 1.04 39.0 3.72
b — ctir + Ry old (3.05,1.52) 0.79 61.3 3.75
b — ¢t + Ry with BABAR-20  (3.27,1.39) 1.20 29.3 3.68
b — ctr + Ry combined (3.05,1.52) 1.11 35.3 3.68

BFP values of gauge couplings, x2 . /Naof, p-value, and pullsm = /X2y — X2, for different
datasets of observables.

Our results show that:

© BABAR measurement on Ry 35y induces tension in the analysis, causing the quality of the fit
to decrease (smaller p-value)

@ BABAR'’s result seems to challenge the VTB model explanation.
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Vector Triplet boson model Parametric space (g3, , 97)

Parametric space (g5, g-)

mm b crv, data - Ry old data mmbocrv, data Ry with BABAR-20 data b > crv, data mm Ry combined data

Our results show that:
@ BABAR results on Ry (35) generates tension; therefore, charged-current and neutral-current
data of b-flavored mesons cannot be addressed simultaneously in this model.
@ Only relaxing the Ry (35) experimental uncertainties to the 2o level can a common allowed
region be obtained.
@ Remarkably, the Belle 1I-P2 scenario would provide stronger bounds on the (gp, g-) plane than
prospects at the HL-LHC.

4
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Conclusions

Concluding Remarks

o The charged current b — ¢, anomalies constitute a tantalizing window
for NP.

o New physics scenarios aiming to provide an explanation to the LFU violation
anomalies in b — crv, decays also induce effects in the neutral-current
bb — 77~ transition.

o Motivated by the very recent BABAR measurement on Ry 35), we revisited
the VTB model proposed as a viable solution to the b6 — ¢, anomalies.

o We found that the BABAR measurement of Ry (sg) is particularly challen-
ging and the 1o range uncertainties cannot be explained simultaneously
with charged-current b — crv,. data.

o The recent BABAR results on Ry (3 hint toward a

o Future measurements from Belle Il (as well as LHCb) will be a matter of
importance.
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Conclusions

Lepton flavor universality

What is Lepton flavor universality?

The couplings of the leptons to the gauge bosons W and Z are flavour-independent: the interac-
tions between leptons and gauge bosons are the same for all leptons. This property is called lepton
flavor universality (LFU).

LFU has been tested in:
@ W bosons partial decay widths from LEP measurements
T/l BR(W — ;)

. . T/t -
w BR(W 70) (2.70)  [Ryy lsm 999

o ATLAS [arXiv:2007.14040] : R7/* = 0.992 + 0.013 (0.50)

T T T T T T T
- —m— LEP (Phys Hept. 532 119)
ATLAS Preliminary ATLAS - this rosult
V5=13TeV, 130"} Statistical Error
: [ Systematic Etror
—— Total Error

L —— S—

L \ 1 L | 1
0.98 1 1.02 1.04 1.06 1.08 1.1
R{t/pn)=BR(W—1v)/BR(W—pv)
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Conclusions

Introduction/Motivation

LFU has been tested in:
@ W and Z bosons partial decay widths from LEP measurements

BR(W — i) /
Rie = 220 TRV 0983 £0.018  [R™/°]gy = 1.000
W T BR(W — eie) Ry Jsu
. BR(Z > uj) e
rYe = 22 B 0009 4+ 0.0028  [RY — 1.000
z BR(Z — c2) [R7 Jsu
+/e BR(Z - 77) e
R/ =222 77 TT) 4 00204 0.0032  [R — 0.998
Z T BR(Z — up) (R Jsm

@ Leptonic T decays pose very stringent constraints on lepton universality [Pich, PPNP 75, 41
(2014)], as wellas P — ¢y and P — P'li,.

BR(P 7z
R;/e,w P=n,K,D,D,

"~ BR(P — epe)

reye = BRE 2 Puv) - poy _ o e p p,
P BR(P — P’ere) T

Test i/ e in excellent agreement between SM and experiment.
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