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Introduction

@ The light P-wave tensor mesons with JP = 2% form a 3P, nonet, which
involves the iso-vector mesons a3(1320), iso-doublet states K%(1430) and

two iso-siglet f2(1270) and f5(1525).

@ The charmed tensor mesons are D3(2460) and D%,(2573). In 1989, the
nutral and charged Dj(2460) was firstly observed by TPS and ARGUS
collaborations in Dr invariant mass distribution. In 1994, D%,(2573) was

found by CLEO collaboration in the D° K™ invariant mass spectrum.

@ The semi-leptonic B — T/v, decays play an important role not only in
understanding the dynamic mechanisims of weak decay, but also studing the

properties of tensor mesons.
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Introduction

At the end of the twentieth century, Jaus put forward the covariant
light-front quark model (CLFQM). The CLFQM has some unique
advantages:

@ The light-front wave functions descrbing the hadron through quark
and gluon degrees of freedom can preserve a Lorentz invariant
formalism.

o The final state meson at ¢*> = 0 is usually relativistic. The CLFQM
with relativistic effects involved is suitable to study hadronic

transition form factors.

Probing the nature of tensor mesons via B semi-leptonic decays



The CLFQM general calculation

procedure

k=B (HAUT)



The CLFQM general calculation procedure

The Bauer-Stech-Wirble (BSW) form factors for the B — T transitions are defined as

follows,

2e
(TR, Vi [BO)) = -2 e prg? VPT(), (1)
mp + mr
e*-q e* . q
(T(p",e")| Au |B(Y)) = 2mr 2 4 AST(4) + (mp + mr) [e; - 7%} A7T(¢)
e q m% — m3
- P,u - B B} T‘Zu AgT(q2)v (2)
mp + my q
cxhY 7
where P=9p +p", q=1p —p’ " = MTP“ with €"” being the polarization tensor

of tensor meson. The four-momentum of the initial (final) meson is

P =1+ 2" = pi + p2).
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The CLFQM general calculation procedure

In the Isgur-Scora-Grinstein-Wise (ISGW) model, the general expression for the B — T

transitions is parametrized as

(T e)] (V=A)u |BG) = (" )epwpoe™  PaP’ ¢ — k(g p”

—bi (¢)enst P Py — b (¢)eisp P g (3)

The relations between these two different sets of form factors are

VET(¢) = mp(ms+ mr)h(q), (4)
AN = ), (5)
A7) = —mp(ms + mr)bi(4), (6)
AN = G () + (s = )b () + ¢ (). (7)
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The CLFQM general calculation procedure

The decay amplitude at the lowest order for the general P — T transition can be written

as

PT N 3 N /HP /LH-!T) PT
A - /d4 N/ N// S (8)

where N’l(”) = p'l(">2 - m/1(”)2 and Ny = p2 — m2 arise from the quark propagators.

7
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The CLFQM general calculation procedure

The expression of trace SﬁT can be derived using the Lorentz contraction,

ST =Te[( B + mU)V ys (1 + mi)ys(— p2 + ma))

— 2[)’1#[1\/1'2 +M"? - q2 — 2Ny — (m} — mg)2 — (mf + mz)2 +(my + m’f)Q] ©
9
+quld® — 2M? + Ny — N + 2Nz + 2(m — m2)® — (my + mi)?]

+Pul¢" — Ny — Ny — (m) + mi)?].
The explicit forms of Hp and H’} used in this work are given by

1

He = (M7= M3 [ e (10)
¢ 0
H/% _ (M/2 _ 012) T17T2 1 7 (11)

N vag
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The CLFQM general calculation procedure

Here ¢’ and ¢} are the light-front wave function for s-wave (initial state) and p-wave
(final state) mesons, respectively, which are adopted in the phenomenological

Gaussian-type forms,

3
, m\* [dp. P2+t
_ - 12
¥ ()0 zQapJ_ (5 ) dza exp( 25/2 )7 ( )
" / 2 dplz 6/1 €2
= ) —_— = 5 1 3
QDP l‘2 pl 5 d$2 T1X2 M(’) ( )

where the shape parameter 5 can be fixed by fitting the corresponding decay constant.
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B — T transition form factors

Input parameters:
@ The constituent quark masses(GeV): m, = 4.8, m. = 1.4, m, = 0.37,
My, qd = 0.25.
@ The masses of the initial and the final mesons(GeV): mp = 5.28,
mp, = 5.37, Mg,(1320) = 1.32, my,(1270) = 1.27,
mps(2460) = 2.46, Mmp= (2573) = 2.57, Mz (1430) = 1.43.
@ The CKM matrix element:

Vep = (41.14£1.2) x 1073, V,, = (3.82 +0.2) x 1073,
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B — T transition form factors

Input parameters:

@ The shape parameters fitted by the decay constants:
Bp = 055515060, B, = 0.626200,3, B, = 0.31225508,
By, = 0.31275 006, By, = 034875006, Bic; = 03137501,
Bps = 0.42970:018 Bp. = 0.5307010.

e Mean life (107125):

Tpo = (1.519 = 0.004), 70 = (1.520 £ 0.005), 75+ = (1.638 = 0.004).
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B — T transition form factors

@ All the calculations are carried out within the ¢© = 0 reference frame,
where the form factors can only be obtained at spacelike momentum
transfers ¢> = —¢% <0,

@ The parameterized form factors are extrapolated from the space-like

region to the time-like region by using

B F(0)
1—a(q?/m3) + b(@/m%)*

F(q")

(14)

e F(¢?) denotes different form factors, such as V(¢?), Ao(¢?), A1(¢?),
Az ().
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B — T transition form factors

5K

@ The B — T transition form factors obtained within the CLFQM. The uncertainties

mainly

arise from the decay constants

of the initial and final state mesons.
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B — T transition form factors

@ The B — T transition form factors obtained within the CLFQM. The uncertainties

mainly

arise from the decay constants of the initial and final state mesons.
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B — T transition form factors

[&: The ¢*>-dependence of the By = ag, f2, K3, D3, D, transtion form factors.
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Semi-leptonic decays B — Tlv;
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Semi-leptonic Decays B — Tly,

The partial decay widths of the semi-leptonic decays B — Tlv;

dl’
2 = Z 27 (15)
dq i=L,+ dq
dl'r + |GrVeru> VAT m; 2
S 1—— ) (X1, X 1
d¢? 256m3m3 ¢ q? (X1, X) (16)

where Ar = X(m%, m%, @) = (m% — m%b — ¢*)? — 4m%q®, and X1, X+ are defined as

X, = ﬁ[@q + m (@) + BArm} A3(¢°)] (17)
Xy = 2”2 24 +m )8m2T7;nQB |:(mB+mT)Al(q2):F$V(q2):| , (18)
h(d) = Q;T (= it = ) + ) () A (). (19

Probing the nature of tensor mesons via B semi-leptonic decays



Semi-leptonic decays B — Tlyy

One can define the forward-backward asymmetry Arp of the lepton,

1 Ar
Arp = XL+X++X,<6 TmB2m"rh°( ¢)40(7)

~ G AR V) ). (20)

The longitudinal polarization fraction is defined as

— FL
i = S (21)
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Semi-leptonic decays B — Tlyy

@ The branching ratios (107°) of the semi-leptonic decays B — (ag, f2, K5){vs.

Reference This work PQCD 3PSR LCSR RQM
B o detw | 4GSNERY | - - syl -
BY = aQutv, | 4611591405005 - - 5501090 —

1.08+0:00+0.1540.17

+0.140.2
0.00—0.30—0.18 110555705

BY - aSrtu,

B = ayetve | 856TGGETRIGE 1160757 8.201005 10.301 1 T g 12,7015,
=t 4+0.0241.03+41.54 +8.1 +0.025 +1.74+2.1 +5.1
B = aypty, | 854730210351 11160781 8,207 9025 10.20+ 17421 12,7045

—+ +0.01+40.28+0.31 +2.9 +0.017 ¢ +0.3+0.4 ¢ +1.1
B = ayrter | 2000000030105 | 410550 5100001 2.0025310% 28010

- + +0.02+1.56+1.09 +4.8 +0.023 +1.0+1.2
B = fietve 6.237002 2534 05 | 690373 770700033 6.0055777,17% -
o + +0.024+1.54+1.10 +4.8 +0.023 +1.0+1.2
B = fButv. | 619700555005 | 6.9075% 7701055 6.00%5555 -

+ + +0.00+0.33+0.23 9 F)tL8 £ 90 +0.018 1 5n+0.240.3
BY — firty, 1447000 0472012 | 2:502173 53000701 120057 05 -

+ 4 +0.03+2.89+2.02
B = fyefve | 1L54TG0FESE0 - - - -

542.03

B = fyutv | 10ATIGETRSIES

+ ~+0.01+0.62+0.42
B = fyrtur | 2.67H00110 8505 - - - _

I+

-t +0.03+0.90+2.45 +4.8 ¢ £(+0.020 +2.241.9 +2.7
Bl = K3 etve| T90TGET50T0E | 730155 6.5010:030 9.607 311 % 13.30137
9

-t +0.03+40.90+2.43 +4.8 +0.020 +2.2-
Bl = K ptw,) TSTIOGTNOTER | T80T 6501005 950157

I+

1330127

-t +0.0140.2340.46 | 5 £+1.7 g £+0.011
Bl — Ky 7w, 1775001 033 0.21 2.50777 3.5050%011

3.60507

KEH (HA Probing the nature of tensor mesons via B semi



Semi-leptonic decays B — Tlyy

@ The branching ratios (10~?) of the semi-leptonic decays By — Dfg)olve.

Reference This work RQM RQM BT Gl ISGW OPAL
Bt = Dietv. | 7.08992+ 11003 - 59  45~80 7.0 7.7 88+35+ 1.7
BY = Dty | 7.027992+116+0.03 - - 45~80 7.0 7.7 88435+ 1.7

H*0._+ +0.00+4-0.05+0.06
BY = D3'rtv. | 042200010051000 - - - - -

B = Dy etw, 6.561’?, %ﬁﬂ‘f‘;fﬁ iﬁ _ — 4.5 ~ 8.0 — — 22.5+6.5£5.1
B = Dy ptu, | 6507002107003 - — 4.5~ 8.0 - - 225+65+5.1

* =+ 4 +0.0040.0640.01
B = Dy v, 0.3470°00 0106 0,02 - - - - - -

*— 0.03+40.374+0.47

B — Diyetve | 8201005 108TH00T | 6.7 £0.7 7.5 - - - -
= —  + +0.0340.98+0.43

Bl = Dl ptv. | 8205005505050 - - - - - -

BY = Diymhve | 04250 005005500% | 0.29 +0.03 - - - - -

The errors come from the lifetime of the B(s) meson, the decay constants of initial and final state mesons, respectively.
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Semi-leptonic decays B — Tly,

@ For the decays B — (a2, f2, K3 )y induced by the b — w transition, their branching ratios
lie in the range 10~% ~ 10~%. While the branching ratios of the decays By — DE‘S)Q&/@
can reach 1074 ~ 1073,

@ Due to phase space constraints, the branching ratios of the decays B — T¢'v, with
¢ = e, u are estimated to be 5 ~ 20 of those the corresponding decays B — Trv;.

@ The branching ratios of most considered decays are consistent with the results from other

approaches, such as the PQCD, QCDSRs, LCSRs and RQM.

@ All the branching ratios of these considered decays are larger than 10~5, indicating
promising prospects for measuring these processes in ongoing Belle Il and LHCb

experiments.
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Semi-leptonic decays B — Tly,

@ The forward-backward asymmetries Appg for the decays B — Tlvy.

Decay modes

BY = ay etu,

o =
B — ay M+Vu

B = aytTus

F0.007F0.016

- +0.007+0.016 F0.002F0.00
This work —0.204T7 005 07008 —0.203T0" &%15003008 0.0127 001 0000
PQCD —0.18670-903 —0.1867" 0.03179-905
Decay modes BY = fSefu. BY = fu ﬂm BY — frtu,
N +0.03T+0.009 +0.03T+0.010 +0.008+0.00
This work —0.18010 %160040,6 —0.178T0" &%15004016 0.0277 o7 9000
PQCD —0.17570-904 —0.1757 0504 0.04875-007

Decay modes

B —» Dy efu.

0
B — D ;4+U“

B - Dy rtu,

This work

=0 011—0 019

+0.020+0.02
—0.14374611-0.019

=0.002+0.003
0. 117—0 003—0.000

Decay modes

BY 5 Ky et

0
By

—>K }L v

BY & Ky thu.

. +0.006+0.009 +0.006+0.009 F0.006+0.004
This work —0.183F7" 205 0:007 —0.18270" 0096007 0.04510" 00%70%?10
PQCD —0.22110-0%2 —0.22119-002 —0.0247
Decay modes BY - DIy et BY - DIy uty, BY - Dy rtus
. F0.000+0.002 <0.000+0.00 F0.001+0.00T
This work —0.13957002 20001 —0.135757002 0,001 | 0-126 1070010001
NRQM —0.14 —0.12 0.06

[
[
[
‘ —0.146T0020F0.025
[
[
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Semi-leptonic decays B — Tlv,

@ The longitudinal polarization fractions f, (%) for the decays B — Tlv,.

‘ Decay modes ‘ BY = ayetu, ‘ BY — ayputu, ‘ BY — ayrtu, ‘
N +0.09+2.34 +0.06+2.33 +0.77+1.90
This work 69.5375 602,41 69.5675 56237 62.4775 327 6,90
+0.4 +0.4 +0.6
PQCD 73.370°% 73.370°% 69.970%
+1.3 +1.3 +1.3
LCSR 71.877, 71.8777, 59.6777
Decay modes BY — fyetu, B — fyutu, B — fyrtus
5 58 +2.59+1.60 o 5gt2.57+1.61 4 74 +2.12+1.36
This work 72,5815 00000 | 72881500001 64.74F5- 500
+0.6 +0.6 +0.8
PQCD 74.970-% 74.910¢ 719408
+1.8 +1.8 567117
LCSR 68.971% 68.871% 56.771°7

‘ Decay modes | B” — D} eTw, ‘ BY — Dy utu, ‘ B — Dy rtu,

. =+0.25+0.06 +0.28+0.05 +0.24+0.21
‘ This work ‘ 70.6510-23109% ‘ 70.6010-28709% ‘ 55.9870 210 oL

‘ Decay modes | BY — Kj etw, ‘ B - K3 ptuy, ‘ B —» Ky~ rtu,

- +1.6940.11 +0.13+1.87 +0.96+1.20

This work 71.8675 51 102 71.8971 92 0,58 64.5470 99 0.00
PQCD 68.3702 68.3702 64.1703
LCSR 77.6100 775407 65.8700

Decay modes | BY — DIy etw, | BY » DIy ptu, | B — Dy rtu,

5o 15.51+0.36 10.01+0.56 - +0.10+4.06

This work 715270753 008 712970 43" 0012 563170 06-0.17
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Semi-leptonic decays B — Tlyy

@ The ¢? dependence of the differential decay widths dI'/ dg? (solid lines) and dr/dq? (dashed lines) for the decays

B — agt'vy, Bigy — (az, fa, K3)Tvs, B— D5lvy and By — Dipluy.

16V atGev) eae) 16V
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@ All the branching ratios of these decays are larger than 10~°, in which the maximum
value can reach up to 10~3, which are likely to be detected by the present LHCb and

Belle Il experiments.

@ The decays B — T¢'v, are dominated by the longitudinal polarization, where the
polarization fractions are close to 70%. Those of the decays B — Trv, are a little

smaller, where the least values coming from the decays By — DE‘S>27'1/7— are about 56%.

@ There exists obvious disparity about the App for the decays B — Trv,; among different

theoretical predictions, which remains to be clarified with further investigation.

Thank you for your attention!
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