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Outline

• Introduction
• 𝑩𝒓 𝜼𝒄 → 𝑽𝑽

Ø𝜼𝒄 → 𝝓𝝓,𝝎𝝓
Ø𝜼𝒄 → 𝝎𝝎

• Search for𝝍(𝟑𝟔𝟖𝟔) → 𝜸𝜼𝒄 → 𝜸𝝅3𝝅4𝝅𝟎

• 𝒆3𝒆4 → 𝝅3𝝅4𝒉𝒄, 𝒉𝒄 → 𝜸𝜼𝒄,	𝜼𝒄 → 𝒉𝒂𝒅𝒓𝒐𝒏𝒔
with XYZ data

• Summary
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Introduction
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p 𝜼𝒄 is the lowest lying charmonium state

p 𝜼𝒄 can’t be generated directly from 𝒆3𝒆4
annihilation

p 𝜼𝒄 can be generated from the radiative
transition of J/𝝍,𝝍= or 𝒉𝒄

BESIII data samples:
p J/𝝍: 0.225Billion(2009), 1.09B(2012),

8.5B(2018)
p 𝝍(𝟑𝟔𝟖𝟔):	106M(2009),	 341M(2012)
p XYZ:	12fb-1 (Ecms>	3.8	GeV)



Introduction
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PRD	81,	014017	(2010)

PLB	702	(2011)	49–54

p 𝜼𝒄 mainly	decay	through	the	2	gluons.
p 𝜼𝒄àVV	is suppressed(forbidden)	by	pQCD at	the	leading-twist	order	because	it
violate	the Helicity Selection	Rule(HSR)

Or	𝝈𝒄 ≠ 𝝈𝟏𝝈𝟐,	where	𝝈 = 𝑷(−𝟏)𝑱is	the	naturalness	of	the	particle

p When	higher	order	correction	is	taken	into	consideration	in
pQCD,	the	decay	branching	fraction	can	bec𝐨𝐦𝐞	𝐬𝐢𝐠𝐧𝐢𝐟𝐢𝐜𝐚𝐧𝐭

𝑩𝒓(𝜼𝒄 → 𝑽𝑽) ≈ 𝟏𝟎4𝟒



Introduction

p The	experimental	result	for	𝑩𝒓(𝜼𝒄 → 𝑽𝑽) ≈ 𝟏𝟎4𝟐,	𝟏𝟎4𝟑 which	is	1	or	2	
orders	larger	than	pQCD predication.

p Some	non-perturbativemechanism	is	proposed	to	explain	this,	such	as	
Ø The	intermediate	meson	loop(IML)
Ø The	charmonium light	fork	component	admixture	model	(𝜼𝒄,𝜼, 𝜼′)

Ø The 𝟑𝑷𝟎 quark creation mechanism (𝜼𝒄 → (𝜼,𝜼=) → 𝑽𝑽)

They	can	give	predicated	𝑩𝒓(𝜼𝒄 → 𝑽𝑽) closer	to	experimental	result.
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PLB	711	(2012)	364–370

PLB	702	(2011)	49–54

PRD71, 114002	(2005)



Branching fractions for 𝜼𝒄 → 𝝓𝝓,𝝎𝝓

• Based on (𝟐𝟐𝟑.𝟕 ± 𝟏. 𝟒)×𝟏𝟎𝟔 𝐉/𝛙 events.
• 𝐉/𝛙 → 𝛄𝛈𝐜 ,			𝛈𝐜 → 𝛟𝛟,𝛚𝛟 signal	are	selected
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PRD95, 092004 (2017)

• Clear	𝝓𝝓 and		𝝎𝝓	 clusters	can	be	seen

𝝎𝝓𝝓𝝓



PWA	for 𝑱/𝝍 → 𝜸𝜼𝒄 ,	𝜼𝒄 → 𝝓𝝓
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p PWA with helicity-covariant formalism is
performed.

p 𝜼𝒄 is parameterized with the following formula,

p And the mass andwidth are fixed to previous
BESIII measurement, M=2.984GeV,
𝜞=0.032GeV

p The	interference	is	considered,	however	PWA
also	bring	larger	uncertainty.

p The	result	is	much	larger	than	pQCD,	and	agree
better	with	several	non-perturbativemodel.



Branching fractions for 𝜼𝒄 → 𝝎𝝓
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No significant 𝜼𝒄 → 𝝎𝝓 events are observed， the uplimit at 90% C.L is given



𝐎𝐛𝐬𝐞𝐫𝐯𝐚𝐭𝐢𝐨𝐧	𝐨𝐟	𝜼𝒄 → 𝝎𝝎

• Based on (𝟏𝟑𝟏𝟎. 𝟔 ± 𝟕. 𝟎)×𝟏𝟎𝟔 𝑱/𝝍 events

9

BESIII Preliminary

Clear cluster of signal can be seen

p Remove all non-𝝎𝝎 background using
Q-factormethod. Based on probabilistic
eventweights.

p 4900	𝝎𝝎 events after background subtracted.



𝐏𝐖𝐀	𝐨𝐟	𝑱/𝝍 → 𝜸𝜼𝒄	,𝜼𝒄 → 𝝎𝝎

𝐵𝑟(𝜂j → 𝜔𝜔)
This measurement (𝟐.𝟖𝟖 ± 𝟎. 𝟏± 𝟎.𝟒𝟔 ± 𝟎. 𝟔𝟖)×𝟏𝟎4𝟑

PDG < 3.1×104p

pQCD (PLB	702	(2011)	49–54) 1.3×104q

Meson loop (PLB	711	(2012)	364–370) 1.76×104p

Light fork statesmixing 5.2×104p 10

A similar PWA as in 𝝓𝝓 channels are also performed

BESIII Preliminary



Isospin violated process 𝜼(𝟏𝟒𝟎𝟓) → 𝝅3𝝅4𝝅𝟎 was observed,
what about	𝜼𝒄 → 𝝅3𝝅4𝝅𝟎
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BESIII	has	observed	the	𝜼 𝟏𝟒𝟎𝟓 → 𝒇𝟎 𝟗𝟖𝟎 𝝅𝟎 which	is	iso-spin	violated	process,
And	the	width	of	f0(980)	is	very	narrow	𝚪=9.5±𝟏.𝟏MeV.

This	can	be	explained dominantly	by	the	Triangle	Singularity	,
the	f0-a0	mixing’s contribution is small

PRL108,081803(2012)

PRL	108,	182001	(2012)



Search for𝝍(𝟑𝟔𝟖𝟔) → 𝜸𝜼𝒄 → 𝜸𝝅3𝝅4𝝅𝟎

• Based on 448.1×10| 𝜓(3686) events
• Isospin violating(G	Parity)
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Uplimit at 90% C.L.
𝑩𝒓 𝝍 𝟑𝟔𝟖𝟔 → 𝜸𝜼𝒄 ×𝑩𝒓 𝜼𝒄 → 𝝅3𝝅4𝝅𝟎 < 𝟏. 𝟔×𝟏𝟎4𝟔

PRD96, 112008(2017)



𝒆3𝒆4 → 𝝅3𝝅4𝒉𝒄, 𝒉𝒄 → 𝜸𝜼𝒄,	𝜼𝒄 →
𝒆𝒙𝒄𝒍𝒖𝒔𝒊𝒗𝒆	𝒄𝒉𝒂𝒏𝒏𝒆𝒍𝒔

• Using	XYZ	data	at	Ecms=4.23,	4.26,	4.36	and	4.42GeV
• Why use 𝒉𝒄 → 𝜸𝜼𝒄 ?
ü Br(ℎj → 𝛾𝜂j) ≈50%	is	much	larger	than	Br(ψ′ →
𝛾𝜂j) ≈ 0.3%.	

ü If	we	assume	the	non-𝜂j radiative	decay	rate	of		hc
and	𝜓=is	at	the	same	level,	then	the	interference	
between	ℎj → 𝛾𝜂jand non-𝜂jprocess	ℎj → 𝛾 +
ℎ𝑎𝑑𝑟𝑜𝑛𝑠 should	be	much	smaller	than	𝜓= or J/ 𝜓	
decay.
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arXiv:	1903.05375



method

• The	𝜂j is	reconstructed	inclusively by	the	
recoiled	mass	of	(𝛾𝜋3𝜋4).	

• 𝜂j is	also	reconstructed	exclusively for four
channels 𝜂j → 𝐾3𝐾4𝜋� ,	𝐾��𝐾±𝜋∓,	
2(𝜋3𝜋4𝜋�),	𝑝𝑝̅.

• Then	the	branching	fraction	of	four	exclusive	
channels	can	be	measured	to	be
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Simultaneous fit
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𝑲3𝑲4𝝅𝟎

𝑲𝒔
𝟎𝑲±𝝅∓

𝟐(𝝅3𝝅4𝝅𝟎)

𝒑𝒑�

inclusive

Background
subtracted
inclusive

The plots here are the sum of four energy points.
A simultaneous fit is performed to all four channels and inclusive result from all four energy
points



Branching fraction result

• T
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The result agree pretty well with previous measurement, with more and more XYZ
Data that BESIII is still taking, better result can be expected.

Result of this measurement

Previous BESIII measurement
with 𝝍(𝟑𝟔𝟖𝟔) → 𝝅𝟎𝒉𝒄,𝒉𝒄 → 𝜸𝜼𝒄



The	multiplicity	of	charged	tracks	from	𝜼𝒄
decay
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The	multiplicity	is	measured	using	unfolding	method

Normalized multiplicity



Summary

• 𝜼𝒄 → 𝝓𝝓,𝝎𝝓,𝝎𝝎 are measured. Br(𝜼𝒄 → 𝑽𝑽) is
larger than pQCD prediction, the non-perturbative
effect might be needed.

• The isospin violated process 𝜼𝒄 → 𝝅3𝝅4𝝅𝟎 is
searched and no significant signal observed.

• 𝒆3𝒆4 → 𝝅3𝝅4𝒉𝒄, 𝒉𝒄 → 𝜸𝜼𝒄,	𝜼𝒄 → 𝒉𝒂𝒅𝒓𝒐𝒏𝒔
are measured with XYZ data

• The charged track multiplicity of 𝜼𝒄 is
measured.
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SU(3) symmetry

• By SU(3) symmetry, the branching ration
between the four VV channels of 𝜂j decay is

𝜙𝜙:𝜔𝜔: 𝜌�𝜌�: 𝐾∗�𝐾�∗� = 1:1: 1: 2
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channel Br (10-3)
𝜙𝜙 2.5± 0.34�.�3�.p ± 0.6 BESIII

𝜔𝜔 2.88 ± 0.1 ± 0.46± 0.68 BESIII

𝜌�𝜌� 6 ± 1.7 PDG

𝐾∗�𝐾�∗� 4.55 ± 1.3 PDG


