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Recapitulacién de Trabajo

1. Recapitulacion de Trabajo
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Recapitulacién de Trabajo Why Study Lepton Number Violating (LNV) Processes

Why Study Lepton Number Violating (LNV) Processes ?

o Establish nature of the neutrinos

[z, Dirac (v # v¢) o Majorana (v = v°) ?J

~Ly =LY, HNg+ NEMgNR/2 + h.c. J

Dirac Term Majorana Term

o Mechanism of neutrino masses generation

o Leptogenesis (Explain baryonic asymmetry of the Universe)

It is important to study all possible channels that may be sensitive to the effects
of LNV (AL = 2) Processes

Néstor Quintero EL SABOR DE LA FiSICA 8-Abr-2022 4/38



Recapitulacién de Trabajo Why Study Lepton Number Violating (LNV) Processes

Lepton-number-violating (AL = 2) processes
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Recapitulacion de Trabajo Why Study Lepton Number Violating (LNV) Processes

Ranges of sterile neutrino masses
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[Drewes, arXiv:1303.6912]
[de Gouvéa, arXiv:0706.1732]

Different mass scales are technically possible and worth exploring ! I

Néstor Quintero
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Recapitulacién de Trabajo Searches of AL = 2 processes

Neutrinoless double-3 (0v33) decay: §X — Zf?Y + 2e~

The 0v8 nuclear decay is considered as the most attractive and sensitive way
to prove that neutrinos are their own antiparticles (or not), i.e., elucidate if
neutrinos are Majorana particles (or Dirac ones) .

Furry, Phys. Rev. 56, 1184 (1939).
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Recapitulacién de Trabajo Searches of AL = 2 processes

Neutrinoless double-3 (0v33) decay: §X — ZfQY + 2e~

€nriche,
£

Isotope Experiment Y%, > [years] (mgg) < [eV]
"Ge  Heidelberg-Moscow (HdM) = 1.9 x 102° 0.32

GERDA Phase Il 8 x 10%° (0.12-0.26)

MAJORANA 1.9 x 10%° (0.24 - 0.52)

136X e EXO-200 1.8 x 10%° (0.14 - 0.38)

KamLAND-Zen (KLZ) 1.9 x 102%° (0.12-0.25)

130 e CUORE 1.5 x 10%° (0.11-0.52)

Drawbacks:

@ Very difficult to calculate due to the nature of many bodies of nuclear physics.

@ Calculations by different models (methods) do not agree very well: Quasi-particle Random Phase
Approximation (QRPA), Interacting Boson Model (IBM), Nuclear Shell Model (NSM), ...

@ It would test the LNV ee sector.
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Recapitulacién de Trabajo Trabajos de Doctorado

Trabajo de Doctorado

PHYSICAL REVIEW D 84, 096011 (2011)

Lepton number violation in top quark and neutral B meson decays

David Delepine,l’* G. Lopez Castro,m and N. Quinleroz’iE
'Division de Ciencias e Ingenierias, Universidad de Guanajuato, Campus Leon, C.P. 37150, Leén, Guanajuato, México
2Depar’mmenm de Fisica, Centro de Investigacion y de Estudios Avanzados,

Apartado Postal 14-740, 07000 México D.F., México
(Received 31 August 2011; published 17 November 2011)

Lepton number violation can be induced by Majorana neutrinos in four-body decays of the neutral B
meson and the top quark. We study the effects of Majorana neutrinos in these |AL| = 2 decays in a
scenario where a single heavy neutrino can enhance the amplitude via the resonant mechanism. Using
current bounds on heavy neutrino mixings, the most optimistic branching ratios turn out to be at the level
of 1076 for B® — DY e~ e~ 7" and t — bITI* W™ decays. Searches for these lepton number violation
decays at future facilities can provide complementary constraints on masses and mixings of Majorana
neutrinos.

DOI: 10.1103/PhysRevD.84.096011 PACS numbers: 11.30.Fs, 13.20.He, 14.60.Pq, 14.60.5t
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Recapitulacién de Trabajo Trabajos de Doctorado

Trabajo de Doctorado

PHYSICAL REVIEW D 85, 076006 (2012)

Lepton-number-violating four-body tau lepton decays

G. Lopez Castro™® and N. Quintero”

Departamento de Fisica, Centro de Investigacion y de Estudios Avanzados,
Apartado Postal 14-740, 07000 México Distrito Federal, México
(Received 21 February 2012; published 5 April 2012)

We study the four-body 7 — v, I1*/*X¥ decays where [ = ¢ or g and X = 7, K, p, and K* mesons.
These decay processes violate the total lepton number (JAL| = 2) and can be induced by the exchange of
Majorana neutrinos. We consider a scenario where these decays are dominated by the exchange of only
one heavy neutrino, which produces an enhancement of the decay amplitude via the resonant mechanism.
Searches for these novel decay channels with branching fractions sensitivities of @(1077) can provide
constraints on the parameter space of the Majorana neutrinos, which are stronger than the ones obtained
from AL = 2 decays of charged pseudoscalar mesons.

DOI: 10.1103/PhysRevD.85.076006 PACS numbers: 11.30.Fs, 13.35.Dx, 14.60.Pq, 14.60.5t
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Recapitulacién de Trabajo Trabajos de Doctorado

Trabajo de Doctorado

PHYSICAL REVIEW D 87, 056005 (2013)
Lepton-number-violating decays of heavy flavors induced by doubly-charged Higgs boson

Néstor Quintero™®

Departamento de Fisica, Centro de Investigacion y de Estudios Avanzados, Apartado Postal 14-740,
07000 México D.F.,, Mexico
(Received 12 December 2012; published 12 March 2013)

We study lepton-number-violating (LNV) decays of heavy flavors (7 lepton and top quark) induced
by a doubly-charged Higgs boson in the Higgs triplet model. It is found that the branching fractions of
LNV 7~ — £*M; M; decays are highly suppressed compared with the current experimental limits. On
the other hand, for LNV top-quark decays, the most optimistic branching ratios for t — b¢* €W~ turn
out to be at the level of ~1077 — 1078, The observation of these rare top-quark decays would be a clear
signal of LNV processes, and their nonobservation would allow us to constrain the parameters of the
Higgs triplet model.

DOI: 10.1103/PhysRevD.87.056005 PACS numbers: 11.30.Fs, 14.80.Fd, 13.35.Dx, 14.65.Ha
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Recapitulacién de Trabajo Trabajos de Doctorado

Trabajo de Doctorado

PHYSICAL REVIEW D 87, 077901 (2013)
Bounding resonant Majorana neutrinos from four-body B and D decays

G. Lépez Castro™ and N. Quintero®
Departamento de Fisica, Centro de Investigacion y de Estudios Avanzados, Apartado Postal 14-740, 07000 México D.F., Mexico
(Received 6 February 2013; published 23 April 2013)

Searches of lepton-number violation in different processes are very useful to constrain the parameter
space of Majorana neutrinos. Here we use available upper bounds on the branching fractions of
B~ —=D'7*u~p~ and D° — (7~ 7~ /K~ 7 )~ u~ decays to derive constraints on the mass and
mixings of Majorana neutrinos by assuming they are produced resonantly in these four-body decays.
While the excluded region obtained from B~ decays are competitive with existing limits from three-body
D~ and B~ decays, it is shown that experimental improvements on D° decays offer a good potential to
provide similar results.

DOI: 10.1103/PhysRevD.87.077901 PACS numbers: 11.30.Fs, 13.20.Fc, 13.20.He, 14.60.St
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Recapitulacion de Trabajo Trabajos de Doctorado

Trabajo de Doctorado

PHYSICAL REVIEW D 89, 093014 (2014)
Lepton pair emission in the top quark decay ¢t > bW+¢£— ¢+

Néstor Quintero,l’* J. Lorenzo Diaz-Cruz,l‘z’Jf and Gabriel Lépez Castro™*
1Depan‘amenm de Fisica, Centro de Investigacion y de Estudios Avanzados,
Apartado Postal 14-740, 07000 México Distrito Federal, México
*Facultad de Ciencias Fisico Matemdticas, Universidad Autéonoma de Puebla,
Apartado Postal 1152, Puebla, México
(Received 19 March 2014; published 16 May 2014)

The heaviness of the top quark makes its two-body Cabibbo-favored decay mode t — bW to be
dominant, at such a level that hardly any other decay mode reaches a detectable branching ratio within the
Standard Model. Here we study the decay t — bWT¢=£1 (¢ = e, p, 1), which diverges for massless
leptons, and it can reach a branching ratio ~O(1075 ~ 107°) for reasonable values of the low energy cut
in the lepton pair invariant mass. This rate surpasses almost any other rare decays such as r — cX
(X=y.Z,9.H,W"W"), and thus offers the possibility of being detectable. Furthermore, the estimate of
this channel is relevant because it can mimic the signal arising from the lepton number violating decay

t — bW=£T£%, when the W boson decays into lepton channels.

DOIL: 10.1103/PhysRevD.89.093014 PACS numbers: 12.15.Ji, 14.60.-z, 14.65.Ha, 13.40.Ks
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Recapitulacién de Trabajo Trabajos de Doctorado

Trabajo de Doctorado
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Recapitulacién de Trabajo Trabajos de Doctorado

Después del Doctorado...

PHYSICAL REVIEW D 93, 094026 (2016)
Sensitivity to Majorana neutrinos in AL =2 decays of B, meson at LHCb

Diego Milanés,l'k Néstor Quimero,“ and Carlos E. Vera®*
lDepurmmmm de Fisica, Universidad Nacional de Colombia, Cédigo Postal 11001,
Bogotd D.C., Colombia
2Dc‘[mrmmem() de Fisica, Facultad de Ciencias, Universidad del Tolima,
Cédigo Postal 730006299 Ibagué, Colombia
(Received 18 April 2016; published 24 May 2016)

The possible existence of Majorana neutrinos can be tested through the study of processes where the
total lepton number L is violated by two units (AL = 2). In this work, the production of an on-shell
Majorana neutrino with a mass around ~0.2 GeV to a few GeV is studied in AL = 2 decays of the B,
meson. We focus on the same-sign di-muon channels: three-body B; — x'p~p~ and four-body
B; = J/wrn"p = and their experimental sensitivity at the LHCb. In both channels, we find that
sensitivities on the branching fraction of the order $1077(107®) might be accessible at the LHC run 2
(future LHC run 3), allowing us to set additional and complementary constraints on the parameter space
associated with the mass and mixings of the Majorana neutrino. In particular, bounds can be obtained on
the mixing |V,n[?> ~ O(10-5-107*) that are similar or better that the ones obtained from heavy meson

AL =2 decays: Dy — ntp~p™ and B~ — ot p= (DOt up).

DOI: 10.1103/PhysRevD.93.094026
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Recapitulacién de Trabajo Trabajos de Doctorado

Después del Doctorado...

Physics Letters B 764 (2017)

Contents lists available at ScienceDirect

Physics Letters B
www.elsevier.com/locate/physletb

Constraints on lepton number violating short-range interactions @m )
ssMark

from |AL| = 2 processes

Néstor Quintero®-0*

* Universidad Suniage de Cal, Faculad de Ciencias bdsicas, Campus Papainda, Cale § No. 62-00, Cdigo Fostal 760001, Sanciago de Cal, olombia

Fisica, Cen IPN, Apartado Postal 14-740, 07000 México DF, Mexico

ARTICLE INFO ABSTRACT

Article history: In this work we study the short-range contributions that induce effective lepton number violating

Received 21 June 2016 (LNV) interactions. We obtain a full set of constraints on the effective short-range couplings from a

Received in revised form 20 October 2016
Accepted 21 October 2016

Available online 27 October 2016

Editor: B, Grinstein

large variety of low-energy |AL| =2 processes of pseudoscalar mesons K, D, Ds, B, and t-lepton. These
constraints provide complementary and additional information to the one obtained from the neutrinoless
double-f§ (DvAB) decay. As expected, the bounds on electron-electron short-range couplings are the only
ones that are strongly constrained by the OvAf decay. Although weaker, LNV effactive couplings with
, different flavors are not accessible to 0vBg decay and these can be probe by the |AL| =2 processes in
Lepton number violation consideration.

Short-range interactions © 2016 The Author. Published by Elsevier B.V. This is an open access article under the CC BY license
|AL| =2 processes (http:/fcreativecommons.orgflicenses/by/4.0/). Funded by SCOAP3,
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Recapitulacion de Trabajo Trabajos de Doctorado

Después del Doctorado...

PHYSICAL REVIEW D 96, 015039 (2017)

Exploring GeV-scale Majorana neutrinos in lepton-number-violating
A baryon decays
Jhovanny Mejfa—Guisuo,l‘? Diego Milanés, ™" Néstor Quintero,™* and José D. Ruiz-Alvarez*’
lDepartamenm de Fisica, Centro de Investigacion y de Estudios Avanzados del IPN,
Apartado Postal 14-740, 07000 Ciudad de México, México
“Departamento de Fisica, Universidad Nacional de Colombia, Cédigo Postal 11001,
Bogotd, Colombia
3Universidad Santiago de Cali, Facuitad de Ciencias Bdsicas, Campus Pampalinda,
Calle 5 No. 62-00, Cédigo Postal 76001, Santiago de Cali, Colombia
*Departamento de Fisica, Universidad de Los Andes, Cddigo Postal 111711, Bogotd, Colombia
(Received 5 June 2017; published 28 July 2017)

In this work, the lepton-number-violating processes in |[AL| = 2 decays of Ag baryon, Anb — prtp
and Ag — Afatuy, are investigated for the first time, via an intermediate on-shell Majorana neutrino N
with a mass in the GeV scale. We explore the experimental sensitivity of these dimuon channels at the
LHCb and CMS experiments, in which heavy neutrino lifetimes in the accessible ranges of 7y =
[1, 100, 1000] ps are considered. For a integrated luminosity collected of 10 and 50 fb~" at the LHCb and
30, 300, and 3000 fb~! at the CMS, we found significant sensitivity on branching fractions of the order
BR(A) = patu—u™) < O(107°-107%) and BR(A) = Afa*p p~) < O(107%-1077). Exclusion regions
on the parameter space (ny. \V},NP) associated with the heavy neutrino are presented and compared with
those from K~ — ztu~u~ (NA48/2) and B~ — ntu~u~ (LHCb) as well as by different search strategies
such as NA3, CHARMIL NuTeV, Belle, and DELPHL

DOI: 10.1103/PhysRevD.96.015039
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Recapitulacion de Trabajo Trabajos de Doctorado

Después del Doctorado...

PHYSICAL REVIEW D 97, 075018 (2018)

Lepton-number violation in B, meson decays induced
by an on-shell Majorana neutrino
Jhovanny Mejfa—Guisao,l" Diego Milanés,“ Néstor Quimem,3 # and José D. Ruiz-Alvarez*’
'Deparmmenm de Fisica, Centro de Investigacion y de Estudios Avanzados del IPN,
Apartado Postal 14-740, 07000 Ciudad de México, México
Deparmmenm de Fisica, Universidad Nacional de Colombia, Cédigo Postal 11001, Bogota, Colombia
*Facultad de Ciencias Bdsicas, Universidad Santiago de Cali, Campus Pampalinda,
Calle 5 No. 62-00, Cédigo Postal 76001, Santiago de Cali, Colombia
Deparlamemo de Fisica, Universidad de Los Andes, Cédigo Postal 111711, Bogotd, Colombia

@™ (Received 10 February 2018; published 16 April 2018)

Lepton-number violation can be induced by the exchange of an on-shell Majorana neutrino N in
semileptonic |AL| = 2 decays of the B, meson, BY — P~z u*yu* with P = K, D,. We investigate the
production of such a heavy sterile neutrino through these four-body y*u* channels and explore the
sensitivity that can be reached at the LHCb and CMS experiments. For heavy neutrino lifetimes of
7y = [1,100, 1000] ps and integrated luminosities collected of 10 and 50 fb~! at the LHCb and 30, 300,
and 3000 fb~! at the CMS, we find a significant sensitivity on branching fractions of the orders
BR(B) = K7yt ut) £ O(107°-10"%) and BR(B) — Dy u*u*) < @(1078-1077). In the kinemati-
cally allowed mass ranges of my € [0.25,4.77] GeV and my € [0.25,3.29] GeV, respectively, we exclude
regions on the parameter space (my, |V,y|?) associated with the heavy neutrino, which could slightly
improve the limits from B~ — a*p~p~ (LHCb).

DOL 10.1103/PhysRevD.97.075018
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Trabajo Actual Testof LFUiIn b — c7v decays

Test of LFU in b — c7v; decays

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.

) rp
R(D®) = BR(B — D ler) (¢ =eorp)
BR(B — D™ ¢/p,)

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 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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Trabajo Actual Testof LFUiIn b — c7v 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
gngi’ilsf; ?2017) 060 02562 0005
PRD 95 (2017) 115008
0.299 + 0.004 b 0.257 + 0.003 -
FNAL/MILC (2015)
0.299 + 0.011 + OJ ;‘G%TJ (%3(2017) =y B
HPQCD (2015) JHEP 1712 (2017) 060
0.300 + 0.008 -+ 0.257 + 0.005 u
HFLAV
‘
L ‘ ‘ Il L L L
0.2 04 . 0.3 04
R(D) R(D*)
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Trabajo Actual

Testof LFUiIn b — cT i 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/¢uv, ), and the polarization observables 7 lepton polarization P (D*) and. D* longitudinal po-

larization F, (D*) have been observed by the Belle experiment.

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/Y) 0.71+£0.17£0.18 LHCDb-2018 0.283 £ 0.048 2.00
P-(D*) —0.38+0.5170 21 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 £ 0.003 0.20
R(Ac) 0.242 £+ 0.076 LHCb-2022 0.324 £ 0.004 1.20
By — 170y <10% (2.16 +0.16) %

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

Néstor Quintero

[charged-current b— cTivy anomalies!]
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Trabajo Actual 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 T (nS)
[Aloni, Efrati, Grossman, & Nir, 1702.07356].

BR(Y(nS) —» 7t77)

Brns) = 3rivms) 5 vy ML
Observable Measurement Experiment SM prediction Tension
Ry(19) 1.005 4+ 0.013 +0.022 BABAR-2010  0.9924 + O(107%) 0.50
Ry (25) 1.04 +0.04 + 0.05 CLEO-2007  0.9940 4+ O(1079) 0.80
Ry (3g) 1.05 £ 0.08 £ 0.05 CLEO-2007  0.9948 + O(107?) 0.60
0.966 + 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 — 7+~

@ New physics scenarios aiming to provide an explanation to the LFU violation anomalies in
b — ¢, decays also induce effects in the neutral-current bb — 717~ transition [Faroughy,
Greljo, & Kamenik, 1609.07138; Aloni, Efrati, Grossman, & Nir, 1702.07356].
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Trabajo Actual Testof LFUIn b — su+ w1~ decays

Test of LFU in b — sy~ decays

Experimental measurements related to the neutral-current transition b — s+~ show deviations
respect with the Standard Model (SM) predictions. The ratio of semileptonic decay channels,

BR(B = KM putpu™)
BR(B — K(*ete)’

RK(*) =

provides a test of 11/ lepton flavor universality (LFU) in different dilepton mass-squared range q2.

@ The ratio Ry was first reported in 2014 by the LHCb collaboration [arXiv:1406.6482],
RIHCP=14 — 74510099 1 0.036, for ¢2 € [1.0,6.0] GeV?,
which deviates from the SM prediction of R3M = 1 at the level of 2.60.
@ Recently, the LHCb has released an updated measurement on Ry [arXiv:2103.11769]
REHOP=21 — 084610091, for ¢* € [1.1,6.0] GeV?,

which is 3.1¢c away from the SM predicition.

[b — st T anomalies!]
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Trabajo Actual Testof LFUIn b — Sy.+ w1~ decays

Test of LFU in b — sy~ decays

@ In 2017, the flavor ratio R~ was measured by the LHCb Collaboration in the low and central
¢ bins [arXiv:1705.05802],
RLHCb-17  _ 0.667031 +0.03, for ¢ € [0.045,1.1] GeV?,
K 0.6910 % £0.05, for g% € [1.1,6.0] GeV?,
respectively. These measurements differ from the SM in the two ¢2 regions by ~ 2.3¢ and
~ 2.50, respectively.
@ These discrepancies are reinforced by some anomalous observables (such as angular obser-

vables and differential branching fraction) related with B — K*utpu~ and Bs — ¢éutu~
decays

[b — sut T anomalies!]

Néstor Quintero EL SABOR DE LA FiSICA 8-Abr-2022 25/38



Trabajo Actual Testof LFUIn b — su+ w1~ decays

NP explanations to the B meson anomalies.

Global analyses

@ The global analyses of b — su™u~ data suggest various new physics solutions [Altmannshofer
and Straub, 2103.13370; Carvunis et al 2102.13390; Alguero et al 2104.08921; Geng et al 2103.12738].

@ Considering one NP operator or two related operators at a time and assuming new physics
only in the muon sector, the Og = (5Pr,~,.b)(ay* 1) operator as well as a combination of Og
and Oy = (8Pryub) (Ey s ) with Co = —C1o can account for all b — syt p~ data.

@ These model independent solutions can be realized in several NP models.

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

Murgui, Pefiuelas, Jung & Pich, 1904.09311; Mandal, Murgui, Pefiuelas, & Pich, 2004.06726; Shi et al,
1905.08498; Blanke et al, 1905.08253; Bhardam & Ghosh, 1904.104321
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J. D. Gébmez, NQ and E. Rojas, PRD 100, 093003 (2019) [arXiv:1907.08357 [hep-ph]].

PHYSICAL REVIEW D 100, 093003 (2019)

Néstor Quintero

Charged current b — ¢7v, anomalies in a general W' boson scenario
John D. Gémez,'** Néstor Quintero®,”" and Eduardo Rojas™!
Unstituto de Fisica, Universidad de Antioguia, A.A. 1226 Medellin. Colombia
2Faculiad de Ciencias Exactas y Aplicadas, Instituto Tecnoldgico Metropolitano,
Calle 73 No. 76 A—354 Via el Volador, Medellin, Colombia
*Facultad de Ciencias Bdsicas, Universidad Santiago de Cali,
Campus Pampalinda, Calle 5 No. 62-00, Cédigo Postal 76001 Sanfiago de Cali, Colombia
*Departamento de Fisica, Universidad de Narifio, AA. 1175 San Juan de Pasto, Colombia

® (Received 16 August 2019; published 20 November 2019)

Very recent experimental information obtained from the Belle experiment, along with that accumulated
by the BABAR and LHCb experiments, has shown the existence of anomalies in the ratios R(D) and R(D*)
associated with the charged-current transition b — cti,. Although the Belle measurements are in
agreement with standard model (SM) predictions, the new experimental world averages still exhibit a
tension. In addition, the D* longitudinal polarization Fy (D*) related with the channel B — D*zi, observed
by the Belle Collaboration and the ratio R(J/y) measured by the LHCb Collaboration also show
di ies with their ding SM estimati ‘We present a model-ind dent study based on
the most general effective Lagrangian that yields a tree-level effective contribution to the transition
b — eris, induced by a general W’ boson. Instead of considering any specific new physics (NP) realization,
we perform an analysis by considering all of the different chiral charges to the charm-bottom and « — v,
interaction terms with a charged W' boson that explain the anomalies. We present a phenomenological
study of parameter space allowed by the new experimental b — ¢t data and with the mono-tau signature
pp — 1,X + MET at the LHC. For comparison, we include some of the W' boson NP realizations that
have already been studied in the literature.

DOL 10.1103/PhysRevD. 100.093003

EL SABOR DE LA FiSICA

8-Abr-2022

27/38



Trabajo Actual Nuestra contribucién

Nuestra contribucion

J. Cardozo,

Néstor Quintero

J. H. Mufoz, N. Q. and E. Rojas, J. Phys. G 48, no.3, 035001 (2021)
[arXiv:2006.07751 [hep-ph]].

10P Publishing Journal of Physics G: Nuclear and Particle Physics
J.Phys. G Nucl. Part. Phys. 48 (2021) 035001 (27pp) hitps://doi.org/10.1088/1361-6471/abc86s.
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C. H. Garcia-Duque, J. H. Mufioz, NQ and E. Rojas, PRD 103, 073003 (2021) [arXiv:2103.00344

(hep-phl]

PHYSICAL REVIEW D 103, 073003 (2021)

Extra gauge bosons and lepton flavor universality violation
in Y and B meson decays

Cristian H. Garefa-Duque,’ J. H. Mufioz®,>* Néstor Quintero®,**" and Eduardo Rojase*®
'Programa de Fisica, Universidad del Quindio, Carrera 15 Calle 12 Norte,
Cédigo Posial 630004, Armenia, Colombia
Departamento de Fisica, Universidad del Tolima, Cddigo Postal 730006299, Ibagué, Colombia
*Facultad de Ciencias Bdsicas, Universidad Santiago de Cali, Campus Pampalinda,
Calle 5 No. 62-00, Cédige Postal 76001, Santiago de Cali, Colombia
‘Deparmmmlu de Fisica, Universidad de Narifio, AA. 1175, San Juan de Pasto, Colombia

@ (Received 15 March 2021; accepted 2 April 2021; published 20 April 2021)

Lepton flavor universality can be tested through the ratio of semileptonic B meson decays and leptonic Y
meson decays, with ¥ = Y(nS) (n = 1,2, 3). For the charged-current transitions b — c7,, discrepancies
between the experiment and the Standard Model (SM) have been observed in recent years by different
flavor facilities such as BABAR, Belle, and LHCh. While for the neutral-current transitions bb — r7, the
BABAR experiment reported recently a new measurement of leptonic decay ratio Ry(s, = BR(Y(35) —
+7) /BR(Y(35) — u* ™), showing an agreement with the SM at the 186 level. In light of this new
BABAR result and regarding the connection between new physics (NP) interpretations to the charged-
current b — crb, anomalies and neutral-current bb — 77 processes, in this study, we revisit the NP
consequences of this measurement within a simplified model with extra massive gauge bosons that coupled
predominantly to lefi-handed leptons of the third generation. We show that the BABAR measurement of
Rz, cannot easily be accommodated (within its experimental 1o range) together with the other b — c1i,
«data, hinting toward a new anomalous observable.

DOL 10.1103/PhysRevD.103.073003
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J. M. Cabarcas, J. H. Mufioz, NQ and E. Rojas, 2203.14172 [hep-ph]

Triplet vector boson model explanation to the B meson anomalies:
An updated view and perspectives

J. M. Cabarcas,’* J. H. Mufioz,? T Néstor Quintero,®? ! and Eduardo Rojas® ¥
rstdad Santo Tomds, Colombia

dad del Tolima, Cddigo Postal 730006299, Ibagué, Colombia
Universidad Santiago de Cali, Campus Pampalinda,

ige Postal 76001, Santiage de Cali, Colombia

ad de Narifio, A.A. 1175, San Juan de Pasto, Colombia

? Departamento de Fi
3 Facultad de Cien
Calle 5 No.

4 Departamento de Fi:

The triplet vector boson (TVB) is a simplified new physics model involving massive vector bosons
transforming as a weak triplet vector, which it has been proposed as a combined explanation to the
anomalous b — sp™p” and b — erir data (the so-called B meson anomalies). In this work, we
carry out an updated view of the TVB model, including the Belle IT perspectives. We perform a
global fit to explore the allowed parameter space by the most current b — sup™ and b — criz,
data, by considering all relevant low-energy flavor observables. Our results are confronted with the
most recent LHC constraints. We also incorporate in our study the first measurement on the ratio
R(A:) = BR(Ay — Ao7izr)/BR(Ay — Acpizy) very recently obtained by LHCb. In particular, we
show that the TVB model can provide an explanation to the B meson anomalies; however, this
framework is in strong tension with LHC bounds. In respect to future flavor measurements at Belle
IL, our results suggest that a small new physics window would be allow to solely explain the b — criz,
data in agreement with LHC constraints. Furthermore, the implications of our phenomenological
analysis of the TVB model to some known flaver parametrizations are also discussed.
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U, leptoquark model

@ The interaction of the SU(2), singlet vector leptoquark U; = U; ~ (3,1, 2/3) with the SM
fermions can written as [Angelescu et al, 1808.08179; 2103.12504]

ALy, = (@Y QirvuLjr + 2% dirvulir)UY,

where quark-lepton flavor couplings =y, and z i are (in general) complex 3 x 3 matrices,Q
and Lj, are the LH quark and lepton doublets.

@ After integrating out the vector leptoquark Uz, the Lagrangian ALy, can generate tree-level
contributions to neutral-current b — s+~ and b — ¢t~ U, transitions, as
well as LFV decays (Bt — K*Tu*7F, Bs — putrF, 7 — pg, Y(nS) — p*77), and rare
B decays (B — Ktt77,Bs — 7F77).

@ We will consider the flavor structure

0 0 0
xry = 0 IZH xz‘r N 1’R=0.
0 a* b

We neglect RH contributions for simplicity. This is the so-called minimal U; model. [Angelescu
et al, 1808.08179; 2103.12504].

v
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Atomki anomaly (Berillium anomaly)

'k ending
PRL 116, 042501 (2016) PHYSICAL REVIEW LETTERS 20 TANUARY 2016

Observation of Anomalous Internal Pair Creation in Be: A Possible Indication of a Light,
Neutral Boson

AL Kr:lsznahorkay,” M. Csatlés, L. Csige, Z. Gécsi, J. Gulyds, M. Hunyadi, 1. Kuti, B. M. Nyakd, L. Stuhl, J. Timdr,
T. G. Tornyi, and Zs. Vajta
Institute for Nuclear Research, Hungarian Academy of Sciences (MTA Atomki), P.O. Box 51, H-4001 Debrecen, Hungary

T.J. Ketel
Nikhef National Institute for Subatomic Physics, Science Park 105, 1098 XG Amsterdam, Netherlands

A. Krasznahorkay
CERN, CH-1211 Geneva 23, Switzerland and Institute for Nuclear Research, Hungarian Academy of Sciences (MTA Aromki),
P.O. Box 51, H-4001 Debrecen, Hungary
(Received 7 April 2015; published 26 January 2016)

Electron-positron angular correlations were measured for the isovector magnetic dipole 17.6 MeV
(J® = 1%, T = 1) state — ground state (J* = 0", T = 0) and the isoscalar magnetic dipole 18.15 MeV
(J* = 1*, T = 0) state — ground state transitions in *Be. Significant enhancement relative to the internal
pair creation was observed at large angles in the angular correlation for the isoscalar transition with a
confidence level of > 56. This observation could possibly be due to nuclear reaction interference effects or
might indicate that, in an intermediate step, a neutral isoscalar particle with a mass of
16.70 £ 0.35(stat) = 0.5(syst) MeV/c? and J = 1 was created.

Krasznahorkay and collegues of the Institute of Nuclear Research (Atomki) in

Hungary reported the existence of a new light boson only 34 times heavier
than the electron [PRL 116, 042501 (2016)].
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X 17 boson interpretation to the Atomki anomaly

k ending
PRL 117, 071803 (2016) PHYSICAL REVIEW LETTERS 12 AUGUST 3016

Protophobic Fifth-Force Interpretation of the Observed Anomaly
in 3Be Nuclear Transitions

Jonathan L. Feng,l Bartosz Fomal,1 Iftah Galon,1 Susan Gan:]ner,l’2 Jordan Smolinsky,l Tim M. P. T.'xit,l and Philip Tanedo'
'Department of Physics and Astronomy, University of California, Irvine, California 926974575, USA
ZDepar.rmenr of Physics and Astronomy, University of Kentucky, Lexington, Kentucky 40506-0055, USA
(Received 3 May 2016; published 11 August 2016)

Recently a 6.8¢ anomaly has been reported in the opening angle and invariant mass distributions of e* e~
pairs produced in ®Be nuclear transitions. The data are explained by a 17 MeV vector gauge boson X that is
produced in the decay of an excited state to the ground state, *Be* — ®Be X, and then decays through
X — ete™. The X boson mediates a fifth force with a characteristic range of 12 fm and has millicharged
couplings to up and down quarks and electrons, and a proton coupling that is suppressed relative to
neutrons. The protophobic X boson may also alleviate the current 3.66 discrepancy between the predicted
and measured values of the muon’s anomalous magnetic moment.

[Feng et al, PRL 117, 071803 (2016)]

@ The 6.80 anomaly in excited 8Be nuclear decays via internal pair creation is fit well by a new
particle interpretation.

@ A 17 MeV protophobic gauge boson (X 17) provides a particle physics explanation of the
anomaly consistent with all existing constraints.
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X 17 boson interpretation to the Atomki anomaly

A new anomaly observed in *He supports the existence of the hypothetical X17
particle

A.J. Krasznahorkay,H[] M. Csatlés,® L. Csige,' J. Gulyds,! A. Krasznahorkay, 5|
B.M. Nyaké,! I. Rajta,’ J. Timar,! I. Vajda,' and N.J. Sas?
! Institute of Nuclear Research (ATOMKI), P.Q. Bozx 51, H-4001 Debrecen, Hungary
2 University of Debrecen, 4010 Debrecen, PO Box 105, Hungary

Energy-sum and angular correlation spectra of e"e™ pairs produced in the *H(p,7)*He nuclear
reaction have been studied at £,=510, 610 and 900 keV proton energies. The main features of the
spectra can be understood by taking into account the internal and external pair creations following
the direct proton radiative capture by *H. However, these processes cannot account for the observed
peak around 115° in the angular correlation spectra. This anomalous excess of eTe™ pairs can be
described by the creation and subsequent decay of a light particle during the direct capture process.
The derived mass of the particle is mxc?=16.94+0.12(stat) + 0.21(syst) MeV. According to the
mass and branching ratio (Br = 5.1(13) x 107%), this is likely the same X17 particle, which we
recently suggested [Phys. Rev. Lett. 116, 052501 (2016)] for describing the anomaly observed in
the decay of *Be.

[Krasznahorkay et al, 2104.10075 [nucl-ex]]
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Lepton pair decays of heavy mesons H* — He e~

PHYSICAL REVIEW D 103, 093002 (2021)

Tests of the Atomki anomaly in lepton pair decays of heavy mesons
G. Lépez Castro™” and Néstor Quintero®®"
lDeparmmenm de Fisica, Centro de Investigacion y de Estudios Avanzados,
Apartado Postal 14-740, 07000 México D.F., México
*Facultad de Ciencias Bdsicas, Universidad Santiago de Cali, Campus Pampalinda,
Calle 5 No. 62-00, Cadigo Postal 76001, Santiago de Cali, Colombia
3Depar.r«.l.rrrem‘a de Fisica, Universidad del Tolima, Codigo Postal 730006299, Ibagué, Colombia

M  (Received 14 January 2021; accepted 3 May 2021; published 27 May 2021)

The anomalies recently reported in lepton pair transitions of *Be* and *“He nuclei may be attributed to the
existence of a feebly interacting light vector boson X17. We study the effects of this hypothetic particle in
the semileptonic H* — He"e™ decays (H a Qg meson) in the framework of the HQET + VMD model.
Using current bounds and the universality assumption of the X17 boson to quarks, we find that decays of
D*" and D} mesons can be importantly enhanced relative to the dominant photon-mediated contributions.
Dedicated experimental searches at current heavy meson factories may confirm the existence of this light
boson or set stronger bounds of their couplings to ordinary matter.

DOL: 10.1103/PhysRevD.103.093002
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Vision de futuro en el campo

° (5, Dirac o Majorana ?] — Observation of AL = 2 decays will establish the
Majorana nature of neutrinos.

o Dedicated experimental searches at current heavy meson factories (
) may confirm the existence of this light boson or set stronger
bounds of their couplings to quarks.

o Simultaneous explanation of the B meson anomalies (b — c¢7, and b —
sutu~ data).

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

o Long live the anomalies !
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GRACIAS !
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