Eur. Phys. . C
https://doi.org/10.1140/epjc/s10052-022-10728-9

(2022) 82:768

THE EUROPEAN ()
PHYSICAL JOURNAL C e’

updates

Regular Article - Theoretical Physics

Phenomenology analysis of B* > VT, decays in and beyond

the Standard Model

Jin-Huan Sheng'?, Quan-Yi Hu?**, Ru-Min Wang>*°, Jie Zhu’

! School of Physics and Engineering, Henan University of Science and Technology, Luoyang 471000, Henan, China

2 Department of Physics, Guangxi Normal University, Guilin 541004, Guangxi, China

3 College of Physics and Communication Electronic, Jiangxi Normal University, Nanchang 330022, Jiangxi, China

4 Institute of Particle Physics and Key Laboratory of Quark and Lepton Physics (MOE), Central China Normal University, Wuhan 430079,

Hubei, China

3 School of Physics and Electrical Engineering, Anyang Normal University, Anyang 455000, Henan, China

Received: 1 April 2022 / Accepted: 18 August 2022
© The Author(s) 2022

Abstract Motivated by the persistent anomalies reported
inthe » — ctv data, we investigate the semileptonic decays
B* — Vi iu.(V = D}, ., J/¥), within the Standard
Model and beyond. The relevant transition form factors,
being calculated in the covariant light-front quark model,
1s the main source of theoretical uncertainties. Using various
best-fit solutions for the new operator Wilson coefficients, we
report numerical results on various observables related to the
processes B* — V<t~ i,, such as the branching ratios, the

1 Introduction

The searching for physics beyond the Standard Model (SM)
has been one major part of particle physics research in high
energy physics. In the flavor sector the lepton flavor universal
is a key property of the SM gauge interactions. Evidence for
violation of the property would be a clear sign of new physics
(NP) beyond the SM. In the searching of NP, the second
and third generation quarks and leptons are very important
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o 04 e e A A A O R(D) and R(D™) exceed the SM predictions
a = HFL A V Ay’ =1.0 contours - ) .
2 [ ez | ] given above, by 2.00 and 2.20 respectively.
035 a —
el E— O Considering the R(D) - R(D*) correlation
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. LHCb’ . I for 2 degree of freedom, corresponding to a
025 FUBelle .
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— World Average .
021 durLav s petiion RD)~ 0(;;;4-%3(9;;2 T the SM predictions reported above,
~ R(D*) = 0.254 % 0.005 p=-0.37 .
I T T D T A T T corresponds to about 3.34c.
0.2 0.25 0.3 0.35 0.4 0.45 0.5 0%5([))



https://hflav-eos.web.cern.ch/hflav-eos/semi/summer23/r_dtaunu/summer2023_preliminary_new.pdf
https://hflav-eos.web.cern.ch/hflav-eos/semi/summer23/r_dtaunu/summer2023_preliminary_new.pdf

— %:I%SE R /P) M & F K %

A W HENAN NORMAL UNIVERSITY

% 1. R.Aaijetal. [LHCb], Measurement of the ratio of branching Fractions B(B} — J/yt*v,)/B(Bf -
Ji /Wﬁvu), Phys. Rev. Lett. 120(12), 121801 (2018).arXiv:1711.05623 [hep-ex]

=| 2. D. Leljak, B. Melic, M. Patra, On lepton flavour universality in semileptonic B, — n.,J/y¥ decays. JHEP 05,
094 (2019). arXiv:1901.08368 [hep-ph]

=| 3. K.Azizi,Y. Sarac, H. Sundu, Lepton flavor universality violation in semileptonic tree level weak transitions.
Phys. Rev. D 99(11), 113004 (2019).arXiv:1904.08267 [hep-ph]

= 4. X.Q.Hu, S.P. Jin, Z.J. Xiao, Semileptonic decaysB,. — (n.,J/¥)£v,in the "PQCD + Lattice" approach.
Chin. Phys. C 44(2), 023104 (2020).arXiv:1904.07530 [hep-ph]

=) 5. A.lIssadykov, M.A. Ivanov, The decays B, — J /3 + €v, and B, = ] /3 + m(K) in covariant confined
quark model. Phys. Lett. B 783, 178-182 (2018).arXiv:1804.00472 [hep-ph]

=) 6. C.T.Tran, M.A. lvanov, J.G. K&ner, P. Santorelli, Implications of new physics in the decays B, —
(ne J /W) Tv. Phys. Rev. D97(5), 054014 (2018). arXiv:1801.06927 [hep-ph]

=| 7. B. Colquhoun et al. [HPQCD], B, decays from highly improved staggered quarks and NRQCD, PoS
LATTICE2016, 281 (2016).arXiv:1611.01987 [hep-lat]

% 8. A. Lytle, B. Colquhoun, C. Davies, J. Koponen, C. McNeile, Semileptonic B, decays from full lattice QCD.
PoS BEAUTY2016, 069 (2016). arXiv:1605.05645 [hep-lat]

O the ratio R(J /4y ) of the decay B, — J/y£v has been measured by the LHCDb collaboration and it shows about
1.8¢ discrepancy with SM results.
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FD* — .
L7 T(\p =1)+T(A\px =0) + T(A\p- = —1)°

O While PP is reconstructed from the hadronic decays of the = and is still statistically limited,

O the reported measurement of F2" rather precise and disagrees with the SM prediction with a signifcance of 1.70.
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Abstract  Very compelling deviations in the recently obser-
ved lepton nonuniversality observables (R . Ry, Bypp)
of semileptonic 8 meson decays from their Standard Model
predictions hint towards the presence of some kind of new
physics beyond it. In this regard. we investigate the effect
of new physics in the semileptonic f-}‘.,_\_. — Py decay
processes, where P = D (D, K). in a model indepen-
dent way. We consider the presence of additional vector
and scalar type interactions and constrain the corresponding
new couplings by fitting BriB] — tFv, ), Bi{B — mriy,),
Br(B] — t*v.), R, Ry and Ry data. Using the con-
strained new parameters, we estimate the branching ratios,
forward-backward asymmetry, lepton-spin asymmetry and
lepton non-universality observables of .E_a'c}_Y — Pri, pro-
cesses. We find that the branching ratios of these decay
modes are sizeable and deviate significantly (for vector-type
couplings) from their corresponding standard model values,
which are expected to be within the reach of Run I11 of Large
Hadron Collider experiment.

with Rp — Rpe correlation of — (.38, indicate ~ 3.08«x
discrepancy with their corresponding Standard Model (SM)
predictions

SM

g 5M
R!J

=10.299 £ 0.003, Rp. =0.258 £ 0.005. (2)
The recently measured Ry, = Br(B. — J/ i, )/Br(8,
= J Al = 0071 20017 £0.184 parameter by LHCh Col-
laboration [ 11] is in the same line and has nearly 2o deviation
from its SM value R,y = 0.289£0.01 [12,13]. Similarly, in
the semileptonic B — K''{¥ decay processes, mediated by
the neutral current transition b — s££, 26 and (2.2-2.4)s
deviations have been observed in the measured values of
Rg = Br(BY — Ktutp~)/Br(BT — Ktete™) [14]
and Ry = Br(B" — K*u"p )/Br(B" — K*¢Te™) [15]
with values

— 0.090
Rk | 2c1.6) Geve = 0.74575 030 +0.036,

_ (.11
Ricelgzeponas, 1) gev? = 0.66% 7 * 0.03,
Ri+lg2eiipe) cev: = 0.6970 00 & 0.05, 3

TR

Table 2 Values of the observables used in the fitting

Observables Experimental value SM prediction

Rp 0.340 £0.027 £ 0.013  0.299 4+ 0.003

Rp+ 0.295 £0.011 £0.008 0.258 4+ 0.005

Rysy 0.71 £ 0.251 0.289 £+ 0.01

Br(B. — tv) < 30% (3.6 +£0.14) x 1072
Rﬁr 0.699 £ 0.156 0.583 £ 0.055

Br(B, — tv) (1.09 +£0.24) x 10~* (8.48+0.5) x 1077
Br(B’ - ntrv) <25x107* (9.40 £0.75) x 1073

w

R, = 2 Br(B~ — i) /Br(B” — n¥171)))

Decay modes

New coefficients

Best-fit

b — ctv;

b— utvy

(Re[VL], Im[VL])
(Re[VR], Im[Vg])
(Re[SL], Im[S.])
(Re[Sg]. Im[Sg])
(Re[VL], Im[VL])
(Re[VR], Im[Vg])
(Re[SL], Im[S.])
(Re[Sr]. Im[Sg])

(—1.233, 1.045)
(—0.0034, —0.3783)
(0.097, 0)
(—0.695, —0.777)
(—0.915, 1.108)
(—0.116,0)
(—0.024, 0)

(— 0.439, 0.005)
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Exploring Rp, Rp- and R4 anomalies

Rupak Dutta®

National Institute of Technology Silchar, Silchar TES010, [ndia

Deviations from the standard model predictions have been reported in various observables con-
cerned with the lepton Havor universality., At present, the deviation of the measured valwes of Hp
and Hp from the standard model expectation is exceeded by 2,37 and 3_de, respectively. Very re-
cently LHCb has measured the ratio of branching ratio R = BB, — J/ W) /BB, — J/0 lv),
where [ £ (e, u), to be .71 £ 0.17 £ .18 which is at more than 2o away from the standard model
prediction. We investigate the anomalies in Bp, fp-, and 1,4 using a model independent frame-
work with minimal mumber of new physics couplings. We find various new physics models that can
explain these anomalies within 1.

PACS numbers: 14.40.Md, 1320 He, 1339+

I. INTRODUCTION

Lepton favor universality violation has been the center of attention due to the long standing anomalies that persisted
in the ratio of branching ratios Rp and Rp-, where

BiB = D"™'ry)

BlB=D"1v) e ). (1)
B(E — Dlw) € i) y

fip. =

Unlike the individual branching ratio of these decay modes, Rp and Rp- do pot suffer from the uneertainties coming
from the Cabbibo-Kobayashi-Mashakawa (CKM) matrix elements and the meson to meson form factors. The depen-
dency on the CKM matrix elements exactly cancels in these ratios. Similarly, the uneertainties due to the form factors
also largely cancel in these ratios and a clean predietion of Bp and Rp- can be made within the standard model (SM).
Henee, any deviation from the SM prediction would clearly indicate the presence of new physics (NP). At present,
combining the results of Rp and Rp- measured by various experiments such as BABAR (1, 2|, BELLE [3-5]. and
LHCH [6, 7], ie, Rp = 0407 £ 0,039 £ 0,024 and Bp- = 0,304 £0.013 £ 0.007 exceed the SM predictions by 2.30 and
3.4, respectively. Again, including the Rp — Rp. correlation, the diserepancy with SM prediction [8-12] eurrently
stands at about 4.1 [13]. Recently, LHCh [14, 15] has measured the value of the ratio of branching ratio

O We include a total of three measurements for the

evaluation of y*, namely, Rp, Rp- and R; ;. We

have not included PP" in our fit as the error
associated with it is rather large.

Coefficients Best fit value Rp
SM 0.334
VL —-2.11 0.398
Vr —0.09 0.276
St —1.51 0.365
Sr 0.31 0.427
VL 0.48
Vr 0.48
SL 0.73
Sr 0.73
Ty —0.08
s’ 0.27
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Abstract

In recent times, the charged-current mediated semileptonic & — eri: processes have attracted
a lot of attention after the observation of lepton non-universality ratios, R, Ry and the
measurements on D* and 7 longitudinal polarization fractions in B — D*ri; processes. We
present a model-independent analysis of B — D{“]ﬂ?,,. B, — D,, TL’— b’ff = (e JJU)T T,
Ay = At and B — D1 (where D™ = {Df, D}, Dy, D5} are the four lightest excited
charm mesons) processes involving b — er quark level transitions by considering the most general
effective Lagrangian in the presence of new physics. We perform a global fit to various set of new
coefficients, including the measurements on Rp.. Hj/ and the upper limit on Br(Bf — 7).
We then show the implications of constrained new couplings on the branching fractions, lepton

non-universality ratios and various angular observables of these decay modes in four different bins

of ¢°.

v %

itk ¥

(Sr,T)

(—1.1875,0.352)

Cases | New Wilson coefficients|  Best-fit values x2in/d.of| Pull
Case A | %7 -2.07 0.767 2.982
Vr —0.0434 291 1.57
Sy 0.097 2.81 1.663
Sg —1.443 3.319 1.112
T —0.0263 1.6 2.527
Case B Re[Vi], Im[VZ)) (—1.233,1.045) 1151 | 2.982
{Re[ %), Im[Vg]) | (~0.0034,-0.3783)| 1.145 |2.984
(Re[S],Im[SL]) (0.97,0) 4213 | 1.663
(Re[Sg],Im[Sg]) (—0.695, —0.777) 2.175 | 2.616
(Re[T], Im[T7) (0.0886, —0.17) 1416 | 2.892
Case C (VL, Vi) (0.0694, —0.0026) 1.147 | 2.983
(VL. SL) (0.0714, —0.0063) 1.147 | 2.983
(Vi,SR) (0.0724, —0.0086) 1.145 | 2.984

(Vg,T) (—0.194,0.3913) 2.42 2.52
(Va, SL) (—0.09,0.1726) 1167 | 2.976

(Vg, SR) (—0.072,0.154) 1.15 2.96

(Vi, T) (0.091, —0.0519) 1.02 3.02

(SL,SR) (—1.04, —0.449) 2.72 2.4
(Se.T) (—1.25,0.303) 1.989 2.686

2.596
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NP scenarios 9 =3

] Case A: consider one real Wilson coefficient V, , V5 , S; and Sy at a time,

VvV, =-2.11,

Ve =-0.09,
S;=-—1.51 and
Sp =0.31.

We marked them as BMP1, BMP2, BMP3 and BMP4, respectively.
] Case B: consider one complex Wilson coefficientV; , VVr , S; and Sy at a time,
(Re[V.],Im[V,]) = (—1.233,1.045),
(Re[Vg], Im[VRr]) = (—0.0034, —0.3783),
(Re[S; ], Im[S;]) = (0.097, 0) and
(Re[Sg], Im[Sg]) = (—0.695,-0.777).
We marked them as BMP5, BMP6, BMP7 and BMPS8, respectively
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1 Case C: consider various combinations of two real Wilson coefficients at a time, namely
(V. , Vr )=(0.0694,- 0.0026),
(V. , S; )=(0.0714,-0.0063),
(V. , Sg)=(0.0724,- 0.0086),
(Vg , S;. )=(-0.09,0.1726),
(Vg , Sg )=(-0.072, 0.154), and
(S.,SR)=(-1.04,-0.449).
We marked them as BMP9-BMP14.
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Abstract Motivated by the persistent anomalies reported
inthe b — ctv data, we investigate the semileptonic decays
B* — Vi~ (V = D}, .. J/¥), within the Standard
Model and beyond. The relevant transition form factors,
being calculated in the covariant light-front quark model,
is the main source of theoretical uncertainties. Using various
best-fit solutions for the new operator Wilson coefficients, we
report numerical results on various observables related to the
processes B* — V7~ 1;, such as the branching ratios, the

O (EE R TREETTRIGIAXNB » Vi v, ¥ ERT
SRR PFAIIEI R,

O XFFES RGN, (FEROREN THIESEHA
B—1HEALE (case A) . FHIHESHRE—H
NEH (case B) . FIESEERNEASLE

(case C) F=FPRBUHIAFAFRIGE,

O HFRERFTPEFIIEAERT,
I g2 TR, AL, Py F7Y FrV ST I B ARG

Zl'ﬁ"w.]fEJ\ﬁXZ—__rlu\H]n o




SRRV AR i NI,

|



	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19
	幻灯片 20
	幻灯片 21
	幻灯片 22
	幻灯片 23

