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Introduction

Introduction

@ Discovery of hadron exotics such as X(3872), Z-(3900)
— Mass region of heavy quarkonium

@ Quarkonium-like states usually compose of a pair of heavy
constituents
— We can study heavy-light hadrons first



Introduction

Introduction

Many charm-strange hadrons have been observed
— such as Ds(2317), Ds(2460), Ds1(2536)

o Heavy quark symmetry: ¢ — b

But only a few bottom-strange mesons are observed
— Use B. decays to study the B, spectrum
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Introduction

| By | 2HL type
B, 1Sy | pseudoscalar
B: 35 vector
Bo | 3P scalar
le 3P1 axis
1 p, axis
Bs 3P, tensor
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Transtion form factors in the covariant LFQM
(1]

B. — Bs, form factors: Definition

Form factors of B. — Bsy(V):

1
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Transtion form factors in the covariant LFQM
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B. — Bs, form factors: Definition

Form factors of B, — Bsy(T):

20T

mp. + mrt

(T(P",&")|Viu|Be(P)) = P () (P)p(P")o,

*

. €T°q . . €T q
(T(P", )| AulBe(P)) = 2imr—s qMAé*CT(qZH:<ch+mr>AffT(q2>{am— ;2%}

2 2
p mg — m7
kT T 5 G
q

er- P
_i T AQBCT(qz)
mp, + mt

The spin-2 polarization tensor can be constructed using spin-1
polarization vector e:

e (P, £2) = ep(Hev (), e, (P, £1) = %[Eu(i)&/(o) +ev($)en(0)],

g (P',0) = %[%(4—)&/(—) +ev(Hen(=)] + \/geu(o)e,,(o).



Transtion form factors in the covariant LFQM
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Covariant light-front approach — Light-cone variables

Light-front decomposition of the mesons’ momentum is
P= (P ,P" P))

Pr=P+P PP=pPP - P

The quark and antiquark inside the meson have momenta p; and
p2. Expressed by the internal variables (x;, p) ) as:

+ o _
pio = x12PT, proi =x12P. £p1

10/28



Transtion form factors in the covariant LFQM
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Covariant light-front approach — Meson bound state

A meson bound state with the total momentum P and spin J can be
expressed as:

IM(P23%1 L, J;) /{d3p1}{d3p2}2(27r)363(P pL = P2)

: Z U1¢(Pr, P2, M, A2) g1 (P, A1) G2 (P2, A2))
A1 2

JJ,
\I/LS - \/ﬁ

Ri‘f& (x, p1) constructs a state of definite spin (S, S,) out of light helicity
(A1, A2) eigenstates. It has covariant form:

(L, S;Lay So|L, S J, JYRY, (%, pi ) (x, p1)

RSy, (6 pL) = —== (P, M)TW(p2, ho)

1
V2My

11/28



Transtion form factors in the covariant LFQM
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Covariant light-front approach — Effective vertice

By light-front approach we can get the meson-quark-antiquark
vertices for various mesons.

[ MCSTL) ] iy |
pseudoscalar (1Sp) Hps
scalar (3Pp) H
vector (357) iHy [y, — W%/(pﬁ — p2)ul
axial (3Py) iHy pl v + @(p’l — P2)uls
axial (1Py) iH/lA[VV];lA (P} — p2)uls
tensor (°P2) | izl — e (PL — P2)ul(PL — p2)u
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Transtion form factors in the covariant LFQM
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Derivation of form factors

Hadronic matrix element with a pseudoscalar outgoing meson:

(P(P")|Vu|P(P)) = B,"

uoo

With the use of meson-quark-antiquark vertices, it's straightforward to

obtain:
N, H’ H”
pp 3 !N
BH = (277)4 /d4p/1 N/ N// S
Svn = Trlys (A + m)vu( £+ mi)vs(p2 — ma)],
N'l(/') = p’l('/)2 — mll(”)2 +ie, Ny = ps— m3 + ie
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Transtion form factors in the covariant LFQM
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Deriation of form factors

In the g* = 0 frame. The p}~ integration picks up the residue
p2 = p2 = [(p3, +m3)/py, P, p2i] and leads to:

MO R = (M - M),
f‘l’,,g”) _ hg//)7

dxod?
/ N,d;lv’,’,l HLHLSPP = —in / L}v' /I\D/i HohL5PP
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Transtion form factors in the covariant LFQM
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Derivation of form factors — Analytical results

Finally we obtain the form factor f; (¢*) and f_(g?) and then
F1(q?) and Fo(q?):

FP(q?) = Fo(q), FEP(@) = Fiul®) + 5 ()
Where:

h/ hl/
T /ded2 T
NlNl

= x1(my — ma)? — xy (mf — mz)z}

x1 (Mg + Mg?) + x2q” — xo(mi — m{)?
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Transtion form factors in the covariant LFQM
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Numerical results — Fit method

In the g* = 0 frame,

¢ =—-q1 <0

To access the g° distribution to g > 0, the following fit formula is
used to fit the exact form factor expressions:

L 4 6(5)?

M M

i.e. their g>-dependence are obtained by the extrapolation.
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Transtion form factors in the covariant LFQM
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Numerical results — (B. — Bs;/B))

B. — Bs, B}, By form factors in the light-front quark model:

F [FO) | mae | o F | FO) | ms | 0
FBeBs 1°0.73 | 1.57 [ 0.49 | F5<Bs 1 0.73 | 2.07 | 0.82
VBB | 3.70 | 1.57 | 0.48 | ABBS" | 0.55 | 1.49 | 0.61
ABBs | 0.52 | 1.90 | 0.56 | ABBs" | 0.07 | 1.04 | 0.37

FPP% 1 071 | 1.69 | 0.48 | Fo°% | 0.72 | 1.98 | 1.43
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ranstion form factors in the covariant LFQM
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Numerical results — Figures
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Phenomenological application
®00

Semileptonic B, decays — Helicity amplitude

Decay process of B, — Bglv:

c S

Be Bs
b

For B. — Bylv, divide the decay amplitude into hadronic part and
leptonic part:

iM = —i% VCKMHMLVgW,

7

H* = (M| — A*|B.(P")) —  Form factors

LY = (lv|oy"(1 —75)/|0) —  Straightforward calculation
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Phenomenological application
oceo

Semileptonic B, decays — Decay width

Then it's straightforward to obtain the partial decay width:

_ 2
dU(B.— Plv) (1)’ A(m,, mp, ¢*) GE| Ve | (7 +2)
dq? ! 384m}, w3 !

A @) >+3fn%<ngcm%>2F3<q2>}

where we define:

Amg,m?,q*) = (mg +m; —q°)* —4mp m;

!
o= my/\ @



Phenomenological application

ooe

Semileptonic B, decays — Numerical results

Branching ratios for B — Bslv({ = e, p):

[ f=e | Biota [ B/Br][ €=u | Bta | Bi/Br]
B. — Bsfv | 1.51 x 102 — B. — Bsfv | 1.43x 1072 —
B. — Bftv | 1.96 x 10~2 1.13 B. — Bffv | 1.83 x 102 1.10
Bc — Bty | 6.58 x 107 — B. — Bsgly | 5.23 x 102 —
B. — Bsilv | 831 x10°° 0.57 B. — Bgifv | 6.33x107° 0.52
Bc— BLfv [ 538 x 10~ % [ 238 Bc— B fv [ 398 x 10~ % [ 2.09
B — Bolv | 2.98 x 1077 2.29 B — Bl | 1.97 x 1077 1.97




Phenomenological application
000

Nonleptonic B, decays — Decay amplitude

Decay process of B, — Bgr:

c S

BC.

7T decay constant is defined as:

(7 (p)|tyu75d|0) = —ifrpy

Thus the amplitude becomes:

ol
Ty
< D

&

M= 7 Vi Vigai fr <B [Sa7"(1 — S)Ca|Bj_>
Where a; = C1/3+ Gy and Gy, G, are Wilson coefficients.
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Phenomenological application
oceo

Nonleptonic B, decays — Decay amplitude

Some B, — Bgym decay amplitudes:

iM(BE = Bart) = Nmj (1— 3 )Fo®(m?)
IM(BE = Bint) = (=N A(m3, m, m2)AGE (m?)
iIM(BE = Bor®) = (—i)Nmp (1 — rg,)Foe® (m2)
Where N = Gp/ﬁ\/ﬁsvudal f.. The partical decay width for B, — Bgym
is:
|p1‘ |M|2
87rmB

with |B1| being the magnitude of three-momentum of By,.



Phenomenological application
[ole }

Nonleptonic B, decays — Numerical results

Numerical results for B — Bgym branching ratios turn out to be as

follows:
B(B} — Bat) = 4.1%
B(Bf — Bir™) = 2.0%
B(Bf — Bor™) = 0.68%
B(Bf — Bar™) = 0.0082%
B(Bf — Byr™) = 0.36%
B(Bf — Bon™) = 0.023%

Zhi Yang, Xing-Gang Wu, Gu Chen, Qi-Li Liao, Jia-Wei Zhang,
arXiv:1112.5169
Z — peak : 105 — 107 B, events



@ Introduction

@ B. — B, form factors

Definition

Covariant light-front approach
Formulation

Numerical results

@ Search for By,

e Semileptonic B, decays
e Nonleptonic B, decays

v Summary



Summary

Summary

Covariant LFQM

Form factors from LFQM
— Numerical fit and extraplating to ¢> > 0
— Stable dependence on g?

Semileptonic B, decays
— Branching ratios of B, — Bsy(et/ut)v
— To be examined by experiments.

Nonleptonic B, decays
— Branching ratios of B, — Bgym™
— To be examined by experiments.



Thank you for your attention!
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