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Outline

* Quenched Vs Unquenched

» Meson Loop effects on QQ decay

» Strong decay (OZI forbidden process)

Y(5S) = wxp;, P(4040)/9(4160) = J/Yn, xc1 = VV
 Radiative decay
h,(nP) = 1,(MS)y, Xc1 = ¥V

* Summary



heavy quarkonium (Quenched Vs Unquenched)

Quenched Scenario Unquenched Scenario

(Naive quark model)
@

* Non-perturbative properties
of QCD
* Meson loop is an effective
description for non-
perturbative effect of QCD
* For decay A->BC
(BC|H|A)

= ) (BCIH,|B'C')(B'C'|H,]4)
B'C’

@@\ Quark pair created

by vacuum

Strong couplin
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Applications of Hadronic loop:

strong decays:

 J/y—PV X. Liu, X.Q. Zeng, X.Q. Li PRD74,074006 (2006)

o Jy, y’—wrd 6.Li, Q.Zhao, B.S.Zou , PRD77,014010(2008)

* w(3770) —non-DDbar Y.J.Zhang,6.Li,Q.Zhao, PRL102,172001(2009)
X_.Liu,B.zhang,X.Q.Li, PLB675,441(2009)

o yw'— Jfya'(n) F.K.Guo,6.Hanhart,U.-U.Meissner,PRL103,082003(2009)

Radiative Decay

My, -, .’ 6. Li, Q.Zhao,PLB670,55(2008)

Weak Decay

° B—>th P.Colangelo,F.De.Fazio, T.N.Pham,PRD69,054023(2004)
° B—)K)(CQ P.Colangelo,F.De.Fazio, T.N.Pham,PLB542,71(2002)

e Could be more ....
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Intuitive Explanation

2
Cusp effect / Threshold effect A(s)=C—g ||1- (m, +m2)

can be described as (S wave) g
..... OIJI . lll B lll : .2.10. ll ..13. - ..710
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5 .. [ Peak structurelooks like |Initial Single Chiral Particle
ame origin Emissipn (ISChH) mechanism

==

Off-Peak point enhances Final State Interaction (FS)
- s=M, 2
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Process Y(5S) — wyy,

Chen, Liu, Matsuki, Phys. Rev. D90, 034019 (2014)



Y(5S) - wyy;: Experimental information

PhysRevLett.113.142001@Belle
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Meson Loop contributions:

Quenched (OZI Suppressed)

XbJ

Unquenched (Meson Loop)

u

* meson loop contributions are
evaluated in hadron level

* interactions are described
by effective Lagrangians

 effective Lagrangians are
constructed based on heavy
quark symmetry & chiral

symmeftry

Quark Level w
b
T(55)
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b
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Chen, Liu, Matsuki, PRD90,034019
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Monopole form

F(A) = (m} — A2)/(g* - A?)
A= (mg+mp)/2 + arAqep. |




Process ¥(4040)/9(4160) — J/yn

Chen, Liu, Matsuki, Phys. Rev. D87, 054006 (2013)
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Y (4040) /9 (4160) — J/YPn: Experimental information

Phys.Rev.D87(5): 051101@Belle Phys.Rev.D86: 071101@BESIII
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Meson Loop contributions

Chen, Liu, Matsuki,PRD87,054006
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Process h,(nP) — n,(mS)y

Chen, Liu, Matsuki, Phys. Rev. D87, 094010 (2013)
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hy(nP) - n,(mS)y

Phys.Rev.Lett.109,232002@Belle
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El transition in naive quark model

14
hy,(nP) N ) 1p(MS)

Godfrey and Rosner Phys.Rev.D.66,014012

Branching RasiQ(%)

Expt. QM
hy(1P) 1,(1S) 49.2+5.7'3% 41.4
hy(2P) 1,(1S) 22.3+3.8731 19.3
hy(2P) 1,(2S) 47.5+10.575% 12.5

Initial Final

Experimental data are not consistent
with the predictions of naive quark
model. Need other sourcesl!!
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El transition + meson loop contribution

(a)

Contact diagrams

(b)

Triangle diagrams

(a)

(e)
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Radiative decay width

Lh,(1P)y—ny(15)y (keV) | T 2P)—m(25), (keV)

5888883883
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Fh-a (2P)—n(18)y (kE‘ \rf)




Some other Hadronic Loop
Effects

Former papers



X1 2> VV: experimental measurements@BESIII

Phys.Rev.D70: 092003@BES
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M(K (892)°K "(892)") (GeV/cH)
Summary
Final Branching Ratios(x 10™%)
K*K* 16.7 + 3.2 + 3.1
wWw 6.0+ 0.3+0.7
00 50+ 05+0.6
W 0.22 +0.06 + 0.02
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Phys.Rev.Lett. 107, 092001@BES
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Meson Loop

w — ¢ mixing

Chen, He, Li, Liu, PRD81,074006

Vector Vector N Vector

D+ Ds p—
D", D= L@w LC DED
- D; ——

Vector Vector Vector

DcO

S-wave coupling

Itﬁf’))

|w?P)
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Channel y., — Branching ratio Experimental value

K*X0g*0 (10.83 ~23.25) x 10~* (167 +32+31)x10"*
ww (4.822 ~ 10.366) x 10~* (6.0+0.34+0.7)x 1074
b (1.465 ~ 3.238) x 10~* (5.0+ 0.5+ 0.6) x 10~*
wd (2.542 ~ 6.893) x 1077 (0.22 + 0.06 + 0.02) x 10~*
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(Quenched) PQCD calculation

Y.J. Gao, Y.J. Zhang, K.T. Chao,
Hep-ph/0607278

e

(b)

FIG. 1: Feynman diagrams for charmonium (*5;) radiative decays into light megbns (*Py)

PQCD results are not

consistent with the
experimental measurement

Mode Yield [Events] Efficiency [%] Bias Uncert. [%] Syst. Error [%] B X 10° U.L. [107°] pQCD [107°]
Yo — yp®  12%45 30 e +10 <9.6 1.2

Yo — yp® 186 =15 32 +2 +9 243 + 19 + 22 14
Xeo—yp’  17.2£638 31 o o 25 = 1055, <50 44
Xeo — YO 0.0 %28 17 =16 <8.8 0.13

Yo — yo 392 =71 20 +8 +15 83+ 15+ 2 1.6

Yo — Y@ 0.0+ 1.8 18 e +16 <7.0 0.50

Yoo — Y 0.1+ 1.6 15 +12 <6.4 0.46

Yo — Y 52+ 3.1 17 +12 128 7.6 * 1.5 <26 3.6

X2 = v 1.3+ 25 16 " "T. Matsuki @ TKU =12 <13 LT 2




> Does hadronic loop effect still play an important role to
X WV ?
> Apply the same mechanism to study y., 2yV

> Test hadronic loop effect applied to y , >vW

Quark level Hadron level
((1) D+ 'n (b) D+ P
Xel Xel
VVAVal AN v e
D** N D.w.— .
C (& !
+ la' -~
j (d) D+
(jr Xel
— D.w.+
q
P b p

TABLE I: The quark level typical diagrams (the first column) describing the hadronic loop effect on x.1 — ~V and the
hadron level schematic diagram corresponding to x.1 — ~vp” (the second column). The red and black lines denote the charm
quark and light quark. The photon emits from charm quark line or light quark line. By the charge conjugate transformation
DWF = D®O and DY~ = D™O the rest two diagrams of xe1 — DD* + h.c. — vp" can be obtained by diagrams (a) and

(d).
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There exists overlap between the numerical result
obtained in this work and the experimental data
announced by CLEO

c1

BR(y . —yV)x10°

E ' T
WE """ """"""""°"°"~°
10 . '

1.5 2.0

FIG. 1: (color online) The branching ratios of x.1 — vp°, 7w, ¢ dependent on the parameter a. The red dashed-lines with
the blue bands are the experimental measurement [26]. The blue solid lines correspond to the theoretical caleulations including
the hadronic loop effect and the PQCD calculation [25]. The vertical yellow bands in the sub-figure denote the overlap of our
results with the corresponding experimental measurement. With the same o range sandwiched between two ereen vertical solid

Chen, Dong, Liu, Eur.Phys.J.C .70.177
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Summary

Meson loop is an effective description for
non-perturbative aspect of QCD:

It seems to be essential to understand
some peculiar properties in heavy quarkonia
decay:

The quantitative calculations are sensitive
to cut-off and exhibit model-dependent
features:

Need more processes both for theorists and
experimentists



Thanks for your attention!

Loop is important like these Sumo wrestlers
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Effective Lagrangians (In heavy quark limit)

Heavy-light meson: independent on heavy quark spin and flavor

1
erﬁ By = By].

S-wave bottom meson: H(97) —

Heavy quarkonium:
degenerate under rotations of the two heavy quark spins

. _ 1+ 4 1 -7
S-wave bottomonia: p(00) — — Y 7, — n7s) 5
P-wave bottomonia: po)x _ L+ 7| se 1 gy
— 2 A2V a + \/§8 Va¥ pX b1y

1 -7
2

1
+ ﬁ (7" = v")ypo + hﬁ%]

Effective Lagrangians:

L,
L

ngr[R(QQ)H(Qq)y#@ HQ?] + He.,
)y, H %] +H.c.,
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