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cJVV, VP

• Helicity Selection Rule (HSR):  initial=12 (,=P(-1)J)

VV VP

c0 √ Suppressed

c1 Suppressed √

c2 √ Suppressed
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• The helicity selection rule (HSR) is one of the most 
important consequences of pQCD at leading twist 
accuracy. 

• c2VP are ideal for testing the HSR and pinning 
down the mechanisms that may violate the leading 
pQCD approximation.

cJVP

PRD 81(2010)014017 
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• c2VP are of great interest is that this process is 
ideal for probing the long-range interactions arising 
from intermediate D-meson loop transitions. 

cJVP
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• The approximate G-parity or isospin conservation 
would further suppress the non-strange intermediate 
D-meson loop transitions in the process of 

c2. 

• U-spin symmetry breaking due to the relatively large 
mass difference between u/d and s quarks would 
lead to significant contributions from the 
intermediate charmed-strange Ds-meson loops in 
the decay of 𝝌𝒄𝟐 → 𝑲∗(𝟖𝟗𝟐) 𝑲

cJ VP
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• Therefore, a precise measurement of these decays is 
of great value for our understanding of the physics in 
the interplay between the pQCD and non-pQCD
regimes

• The comparison between these two decays can 
provide a direct investigation into the role of the 
intermediate meson loops as a dominant mechanism 
for violating the HSR.

cJVP
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• Intermediate meson loop prediction
Xiaohai LIU, Qiang ZHAO 

PRD 81(2010)014017 

c2VP
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 c2K* K (𝑲∗+𝑲− + c.c.  , 𝑲∗𝟎 𝑲𝟎+c.c.)

’c2K+K-0

’c2KSK


’c2KSKS
0

 c2+- + c.c.

c2VP
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Events selection for ’K*

K
∓

(Final states: KK) ↳K0

MKK

c1

c2

K*(892)

KJ*(14XX)

a0(980)
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MKsKK*(892)

KJ*(14xx)

c1

c2

Events selection for ’K*

K
∓
, K*

0
K

0 

(Final states: K3) ↳K0 ↳K∓


a0(980)
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K

a and b : quasi-two body decays

c : modeled with a non-resonance contribution of K

or KK system with a certain spin-parity.

• Processes

b. cJKR’, R’K

cJ
K



cJ

K



R

c. cJKK

Amplitude (Helicity-Covariant amplitude: S.U.Chung, PRD57,431)

K
K

cJ

K



R’

a. cJR, RKK

October 29, 2017 华师--第十五届重味物理与CP破坏研讨会 13



PWA of c2KK

Baseline solution: 
(K)-system :   K*(892), K2

*(1430) 

(KK)-system :    a2(1320)

K3*(1780), K*(1410), K*(1680) 
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Data (c2K+K-0) 
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Data (c2KSK
) 

K*0
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K*
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BESIII

Branching Fractions: 𝝌𝒄𝟐 → (𝑲𝝅) 𝑲, (𝑲 𝑲)𝝅, 
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The Ratio of Helicity Amplitude

pQCD leading twist accuracy:

𝐵𝑟𝐽𝑐 𝑐 𝜆 →ℎ1 𝜆1 ℎ2 𝜆2 ~

Λ𝑄𝐶𝐷
2

𝑚𝑐
2

|𝜆1 +𝜆2|+2

(Λ𝑄𝐶𝐷0.2GeV/c2,mc1.5GeV/c2)
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The Ratio of Helicity Amplitude

Our result implies the F1,0 is the dominance 
in the transition amplitudes.
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The Ratio of Helicity Amplitude

• Br  
(
Λ𝑄𝐶𝐷

𝑚𝑐
)6, 𝐻𝑆𝑅 𝑉𝑖𝑜𝑙𝑎𝑡𝑖𝑜𝑛 (𝐾∗  𝐾)

(
Λ𝑄𝐶𝐷

𝑚𝑐
)4, 𝐻𝑆𝑅 𝐶𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 (𝑉𝑉)

•
𝐵𝑟𝑠𝑢𝑝.

𝐵𝑟𝑐𝑜𝑛𝑠.
~(

Λ𝑄𝐶𝐷

𝑚𝑐
)20.02

(Λ𝑄𝐶𝐷0.2GeV/c2,mc1.5GeV/c2)
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The Ratio of Helicity Amplitude

However, the measured Br of 𝜒𝑐2 → 𝐾2
∗  𝐾

appears to be the same order of magnitude as that for 

𝜒𝑐2 →VV
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Binned Fit

•  : MC signal shapeGauss

• Background: c23 MC 

shape

• N = 14.78.9

• Significance of : 2.8

• N3 = 63.613.0
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Fit results &

Calculation of the Br(c2)
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• Br(c2+- + c.c.)=
𝑵𝝆

𝑵𝝍′∙𝜺∙𝑩𝒓(𝝍′→𝜸𝝌𝒄𝟐)∙𝑩𝒓(𝝆
±→𝝅±𝝅𝟎)∙𝑩𝒓(𝝅𝟎→𝜸𝜸)

= (6.43.90.7)x10-6

<1.1x10-5

• =5.7%

• N’=(448.12.9)106

• Br(’c2) = (9.110.31)%

• Br() 100%

• Br(0) = (98.823±0.034) %

Fit results &

Calculation of the Br(c2)
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Br (x10-5) +-+c.c. 𝐾∗ 892 0  𝐾0 𝐾∗ 892 K

Meson Loop (1.2~2.0)x10−2 4.06.7 4.06.7

BESIII 0.640.390.07

<1.1 (90% C.L.)

1322 1512

Summary
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Summary
• Br(c2K*(892) 𝐾)  10*Br(c2)

• Br(c2K*(892) 𝐾) are rather sizeable with respect to those of 

the HSR conserving decay c2VV

• HSR violation in c2K*(892) 𝐾 occurs via the intermediate 

meson loops due to the large U-spin symmetry breaking, 

while that in c2 is due to isospin symmetry breaking

• Due to the large mass difference between s and u/d quarks, 

the U-spin symmetry is broken more severely in comparison 

with isospin symmetry
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Thanks for your attention
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BEPCII
Two-ring, large crossing angle, multi-bunch, high-current
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Zoom into the IP

IP

RF SR RF

- Design -
Beam energy:

1 - 2.3 GeV

Luminosity:

1 x 1033 cm-2s-1

Optimum energy:

1.89 GeV

Energy spread:

5.16 x 10-4

No. of bunches:

93

Bunch length:

1.5 cm

Total current:

0.91 A

SR mode:

0.25A @ 2.5 GeV
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BESIII Spectrometer
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Super-conducting magnet, 1T

Magnet yoke

RPC

TOF, 90ps

Be beam pipe

MDC, 130 m

0.5% at 1 GeV/c

Data rate: 5kHz, 50Mb/s

CsI(Tl) calorimeter, 2.5% @ 1 GeV

Total weight 730 ton,

~40,000 readout chnls,
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 1.3×109 J/𝜓
 5×108 𝜓(2S)

 2.9 fb-1 @ 𝜓3770

 0.5 fb-1 @ 𝜓4040

 2.3 fb-1 @ 4230/4260 MeV

 0.5 fb-1 @ 4360 MeV

 0.5 fb-1 @ 4600 MeV

 1 fb-1 @ 𝜓4415

 0.1 fb-1 @ 4470/4530 MeV

 0.04 fb-1 around Λc threshold

 1 fb-1 @ 4420 MeV

 R scan:
• 2-3 GeV, 19 points, ~0.5 fb-1

• 3.85-4.59 GeV, 104 points, ~0.8 fb-1 

 0.1 fb-1 data @ 2.125 GeV

 3.1 fb-1 data at 4.18 GeV

MORE: Data Taking Plan

 3554 MeV 24 pb-1 τ mass; 4100-4400 MeV 0.5 fb-1 coarse scan

 On-going data taking，XYZ, c1, X(3872),…

BESIII (direct)

BESIII (ISR)

arXiv:0809.1869

BESIII started data taking for physics since 2009
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0.1 fb-1 data @ 2.125 GeV, 2015

3.1 fb-1 data at 4.18 GeV, 2016

0.1 fb-1 data @ 2.125 GeV, 2015

3.1 fb-1 data at 4.18 GeV, 2016
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