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Outline

= Theoretical framework (Proof of
factorization of B, decays)

= Form factors of B, 2> X,Y,Z
= Numerical results
= Summary
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\Experimental status|

state mass (MeV) width (MeV) production/decay mode Exp
X(3872) [38720+06+£05 < 2.395%C.L B— KX — KnrJ/{ Belle
38734+ 1.4 —~ B— KX — KrrJ/1 BaBar
- - B—X —narrn]/y Belle
- - B—X—~J/Y Belle
3871.34+0.7+0.4 - pp— X — /v CDF
3871.8+3.1+3.0 = pp— X — /v DO
avg=3871.94+0.5
X (3940) 3043+ 6+6 < 52 ete — J/iX — J/ibDD*  Belle
Y(3940) | 3943+11+13 87422426 B — KY — Krrnld/1 Belle
7(3930) 3031 +4 +2 20+843 vy —Z — DD Belle
Y(4260) | 4250+8+4 88+23+5 ete  — yrpY — yrspJ/dnr  BaBar
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Theoretical studies

= Tetraquarks, hybrids, glueballs,
molecular states and charmonium ...

= Mostly focus on the decay properties
of the X,Y,Z’s

= We will study the production
properties of them, but assuming
charmonium
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” Production in B decays

"here are two B factories: BaBar and Belle.
"hey have accumulated a large number of
events. Utilizing these data, we could uncover
the structure of mysterious mesons

mass(VieV) widin{lVie V) production/decay mode SIgHITIGHHCB experiment
3872.04£0.6405 <23%%CL B*= KX = KXo /i 100 Belle
3871.34£0.7404 resolution  pp— X = ata-J/u 11.60 COFI
M(JW)+77494+£3.14£3.0 resolution pp— X = ate- I 5.20 DO
38734414 ~ B-—=KX=KrtrlJi 350 BaBar
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S However

Color octet contribution is dominant in B
decays, which gives large theoretical
uncertainties

o e i
& 'i'h“.!.-:,., T

Although the B factories provide many events,
but the theoretical studies are hampered by
our understanding of non-perturbative QCD
X, Jhy
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LHC-b experiment will produce a
large number of B, Iin the near
future

Charmonium production
In B, decays are
dominated by
factorizable contribution

the production of
charmonia in B, decays
can provide a unigue
Insight to these mesons
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=% Soft collinear effective theory (SCET)

a)

A

(MM|0i|B) = Cf(u) @ Par, ()¢ 5(0)
+ CH(u,m) @ e (y) @ (7. 0)

Non-perturbative part

Perturbative part:
CB=Mi(7,0) = J(r,w,0) @ Pp(w) @ Pag(v)
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=P Proof of factorization at
soft-collinear-effective-theory

= In SCET, the light and fast-moving meson is
described by collinear field. While the heavy
mesons are described by the heavy quark field and
soft field just as in the heavy-quark-effective-
theory

= Interactions between heavy quark and collinear
field can be summed as in the following figure
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%=® A matching calculation which
shows how SCET works

= On the left, collinear gluons hit an incoming soft
heavy quark. Integrating out the off-shell quark
propagators gives the effective theory operator on
the right which contains a factor of W_

I gﬁ‘ﬁ_&é—ﬂ{j—é} Um

&)
00009090, Ym

A + perms %

¢
00000000, 2 i e
00009099, 1 q1

CD Lu 10



= Proof of factorization at
B, decays

= At the leading power of 1/m,, the
decay matrix element can be decomposed

into the B, = (cc-bar) form factor and a
convolution of a short distance coefficient

= With the light-cone wave function of the
emitted light meson:

<X((_() ]\"{|Hei«:ff|Bc> — (,rfl)ﬂ_.f(u) X T(u)ﬁij—:‘X
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B. = cc-bar Form factors

The form factors for B. — J/¢ and B, — X (3872) (1171 state) transitions
induced by the vector and axial-vector currents are defined by:

(JJW(P" ")V, | B (P)) =

(J/(P" ") Au| B (P)) =

(X (P",")|Vu|BZ(P)) =

(X (P",&")|Au|BS (P)) =

where P = P'+ P", ¢ = P’

CD Lu
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o Emﬂﬁamypnq :IH[;r P ({IE)‘
mp, + My

i{(?ﬂ-g{, + T?lj_;'?r.-.-)EE*Afy(QE) -

(5)

.,~.-“* . P

mp. + Mgy

P”Agl-'(qzj

EH* . P . .
—2map— au[A5" (¢ =AY (4]}, (6)
g*. P
(mp, —mx)e Vi (¢?) — FuV3 (g%
mpg, — 1mx
_ &P VEPA(2) _ VPA(2 7
2my— qu [V34(q) = Vo (@) . (7)
‘ ,
- E#:fﬁﬁrf*i P'ﬂqg“"lPA (qg). (8)

T B, — mx

— P" and the convention eg153 = 1 is adopted.
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Extraction of Form factors

= Future Experimental semi-leptonic B, decays
= Lattice QCD
= QCD sum rules and light-cone sum rules:
Y. M. Wang, CDL, arXiv:0707.4439 [hep-ph]
= light-front quark model:
W. Wang, Y. L. Shen and CDL, EPJC 51:841,2007
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== B_.>X,Y,Z form factors in
light-cone sum rules

decay modes f+(0) f-(0)

I +0.0340.024-0.0140.17
Be — 1. ( So) 0.82 501 2002-0.01-0.19

0
Bc N X(3940)(3150) 0_46+D.01+D.DD+D.DD+D.ID 0
0

XY =0""°

—0.01-0.01-0.01-0.11

++
/(03 40.140.040.0+0.2
0 B. — XCD(Q PD) 2-6—0.1—0.1—0.1—0.2

XY =1+, 1*- A(0) 11(0) V2(0)

B. — X(3872)(2"P1) | -0.53%5 03 000 000 002 | —3.7670:15 000 0.00 001 | ~0-530:05 000 000

B. — X/Y (3040)(2°P1)| ~0.51%5 05 000 001 002 | ~38T 019 0.03-0.02-0.15 | ~0-31 00 000 .01
B. — he(3527)("P1) 0287501 5 00 000 001 | L1 000 v0u 0.0 0.06 | 0-28 001 000 000 ¢
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=% B.>X,Y,Z form factors in
light-cone sum rules

Y =1-

decay mode V(0) Ai(0) A(0)
B. = Y (4260)(3"D1) 415y ge gtes X 107 LT T gy st o X 107 LT T sy X
Bo—u(2'S) | 00RO | 03T OO | 0007 el
Bo=y(I'Dy) 23755 0y y T x 107 (L0%ge g Tyt ¥ 107 28755 05 0 o
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B.2X(3940) Iy In light-
cone sum rules

0+ B, — X(3940)(3'Sp)ev. |1.8T51 01T
B, = X(3940)(3'Sq)r7, |5.0105109%

+0.8+
0.9—
2.1+ —6
54 90 X 10

0.6 —4
07><10
1.7

2.0

\

More than 1 order of magnitude difference between
the two kinds of guantum number assignments

r

+0.3+

x 1073

17+ | |[Be = X/Y(3040)(2°Py)er. 615537
B, — X/Y(3940)(23P,)r7, [2.310210.0+

0.140.3+42.1
0.2—0.3—2.4
0.04+-0.240.8 4
0.0-0.2— ogxw

\.
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2= Form factor calculation in
light front quark model

= To calculate the amplitude for the transition form
factor, we need the following Feynman rules for the
meson-quark-antiquark vertices

”*TfP = Hps, Pseudoscalar
=/ — 17! [~ /

?:rfq — _H*’q[ﬁ!_.” _l_ H%(p’a_ — p2),u.]’“f5 AXxial — vector
! : A
o P
Pf PH
—P2
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= In light-front quark model, the transition
amplitude can be expressed as the
convolution of the wave functions

J[*;_PI _ _33 *'I?\'Tﬂ /dé]-pfl H_IFP(IH{IF) C;PE a__.FH:;/ (
H _ AT/ ANTH AT THLY S ’
/ (2??)4 . ;\'i;\' if;'\'z /

where Ni(”) = pfl(”)z - -irn.fl(ﬁ)z + ie, No = p3 — m3 + ie and

SEY = (S - S0V

[
1 " " " ! !
= Tr [(“yv - W (pl - pz)y) (;51 —}— '”7-'1)(?’# - ’}-'U’}'E)(ﬁl —{— -;rnl)fr'f;-(— '}'fg —{— -,‘rn.gj
V
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g Rk o
= P
;i PR o =
1 e .-_ar" L) i
'11 - 5 1I'__'. =
T .,é
Wk 1T, TR - C
: e
H = r e i
I g gL
e,
= i
-

B.2>X(3872) pi (K(),rho)
IN light front quark model
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0.1
01)
. BR(B, — X(3872)K*7) = (245310 5402) x 107

BR(B, — X (3872)n ™) = (L.71 {To5T03) % 10—4
BR(B, — X (3872)K ) = (1.370310:5703) x 10~

BR(B, — X (3872)p ) = (4.1 4100t 104

- BR(B; — X(3872)77) = (14X 00 0s) x 1077
BR(B, — X(3872)K ™) = (1111 00 0h) x 1077
BR(B, — X(3872)p™) = (3.505F05%15) x 1077

. BR(B; — X(3872)K*7) = (2.015:71 517 05) x 1077
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Summary

s The factorization tool 1s essential In
hadronic B (B.) decays

= We prove the factorization in B, = X(cc-bar)
M decays

= We calculate the form factors using the light-front
guark model and light cone sum rules

= There are large differences between the X,Y,Z
production rates in B, decays for different Lorentz
structure
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Thank you!
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