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 Isospin violations with 𝐟𝟎(𝟗𝟖𝟎)/𝐚𝟎
𝟎(𝟗𝟖𝟎) production
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 Isospin violations in baryon final states
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Beijing Electron Positron Collider II (BEPC II) 

Storage ring ~240m

IP

BESIII Detector

Linac ~200m

 Double rings

 Equal 𝒆+𝒆− beam energy: 1-2.3 GeV

 Peak luminosity: 1× 𝟏𝟎𝟑𝟑 𝐜𝐦−𝟐𝐬−𝟏

 𝝉-charm, charmonium(-like), light 

hadrons

 Full operated since 2008



Magnet yoke

Total weight 730 ton, 

~40,000 readout chnls, 

Data rate: 5kHz, 50Mb/s

Yao Ming,

height of 2.29 m

BESIII Detector

RPC Muon Detector Superconducting solenoid (1T) 

Electromagnetic  CsI(Tl ) 

Calorimeter, 2.5% @ 1 GeV 

Be beam pipe

Main Drift Chamber 

σr𝛟 = 130 µm (single wire) 

σpt/pt = 0.5 % @ 1 GeV 

Time of Flight  

σt = 90 ps (barrel) 

σt = 120 ps (end caps) 

Nucl. Instr. Meth. A 614, 345 (2010)

4



5

~15fb-1 @ 

𝑠 > 3.7 GeV

Data Sets



Isospin violations 

with 𝐟𝟎(𝟗𝟖𝟎)/𝐚𝟎
𝟎(𝟗𝟖𝟎)production
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1. 𝑱/𝝍 → 𝜸𝝅𝟎𝒇𝟎 𝟗𝟖𝟎

2. 𝑱/𝝍 → 𝝓𝝅𝟎𝒇𝟎 𝟗𝟖𝟎

3. 𝑱/𝝍 → 𝝓𝒂𝟎
𝟎 𝟗𝟖𝟎

4. 𝝌𝒄𝟏 → 𝝅𝟎𝒇𝟎 𝟗𝟖𝟎



𝐟𝟎(𝟗𝟖𝟎)/𝐚𝟎
𝟎 𝟗𝟖𝟎 in isospin-violating processes

 Firstly, 𝐟𝟎 𝟗𝟖𝟎 and 𝒂𝟎
𝟎(𝟗𝟖𝟎) are explained as 𝒒 𝒒 mesons, tetraquarks, 

KK molecules, qqg hybrids and so on.

 f0(980) width in isospin-violating processes is always narrow:   10 
MeV ! But it was 40-100MeV in isospin conservations (see 2014 PDG and 
before. In 2016 and 2018 PDG, since several f0(980) width in isospin-
violating processes were considered,  =10-100 MeV).

 Theorists proposed to examine the  f0(980)↔ 𝒂𝟎
𝟎(𝟗𝟖𝟎) mixing 

mechanism  with isospin-violating processes 𝐉/𝛙 → 𝛟𝐟𝟎 𝟗𝟖𝟎 →

𝛟𝐚𝟎
𝟎 𝟗𝟖𝟎 → 𝛟𝛈𝛑𝟎and 𝛘𝐜𝟏 → 𝛑𝟎𝐚𝟎

𝟎 𝟗𝟖𝟎 → 𝛑𝟎𝐟𝟎 𝟗𝟖𝟎 →

𝛑𝟎𝛑+𝛑−.[PRD 75 114012(2007), PRD 78 074017(2008)]

 Anomalously large violation in the following  discussed channels with  

f0(980)/𝒂𝟎
𝟎(𝟗𝟖𝟎).
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𝐚𝟎
𝟎(𝟗𝟖𝟎)-𝐟𝟎(𝟗𝟖𝟎) mixing

 In theory, 𝒂𝟎
𝟎(𝟗𝟖𝟎) and 𝐟𝟎(𝟗𝟖𝟎) are 

explained as 𝒒 𝒒 mesons, tetraquarks, KK

molecules, qqg hybrids

 In 1970s, the mixing mechanism was 

firstly proposed [PLB 88, 367 (1979)]

𝐦(𝐊+𝐊−) ≈ 𝟗𝟖𝟕𝐌𝐞𝐕 𝐦(𝐊𝟎𝐊𝟎) ≈ 𝟗𝟗𝟓𝐌𝐞𝐕

𝐦 𝐊𝟎𝐊𝟎 −𝐦 𝐊+𝐊− ≈ 𝟖𝐌𝐞𝐕

 A narrow peak of about 8MeV is predicted

PRD 75 114012(2007)

Meson IG(JPC) Mass(MeV) Width(MeV) Decay

a0(980) 1-(0++) 980±20 50~100 𝜂𝜋, 𝐾𝐾

f0(980) 0+(0++) 990±10 10~100 𝜋𝜋, 𝐾𝐾

987MeV 995MeV
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𝑓0 980 → 𝜋+𝜋− 𝑓0 980 → 𝜋0𝜋0

𝒇𝟎𝝅
𝟎

𝒇𝟎(𝟗𝟖𝟎)
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 f0(980) width is narrow:   10 MeV ! 

2014 PDG (and before):   40~100 MeV. 



 Anomalously large isospin violation! 

𝑱/𝝍 → 𝜸𝜼(𝟏𝟒𝟎𝟓) → 𝜸𝝅𝟎𝒇𝟎(𝟗𝟖𝟎)

 𝑎0
0 980 → 𝑓0(980)

mixing [1]?

 triangle singularity 

mechanism [2]?
[1] PRL108, 081803 (2012)

[2] PRD 75 114012(2007)

PRL 108, 182001 (2012) 



Combined two channels:

M 𝑓0 = 989.4± 1.3 MeV/𝑐2

(Narrow)
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Decay 𝐽/𝜓 → 𝜙𝑓1(1285) → 𝜙𝜋0𝑓0(980)

𝑓0 980 → 𝜋+𝜋− 𝑓0 980 → 𝜋0𝜋0

=

No 𝜼 𝟏𝟒𝟎𝟓 in 𝝅𝟎𝒇𝟎(𝟗𝟖𝟎) system

observed in 𝑱/𝝍 → 𝜸𝝅𝟎𝒇𝟎(𝟗𝟖𝟎), 
but 𝒇𝟏(𝟏𝟐𝟖𝟓) is more clear. 

Very different!
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𝜂(1405)
𝒇𝟏(𝟏𝟐𝟖𝟓) 𝒇𝟏(𝟏𝟐𝟖𝟓)

𝜂(1405)5.2𝜎 1.8𝜎



𝐟𝟎 𝟗𝟖𝟎 − 𝐚𝟎
𝟎(𝟗𝟖𝟎) mixing in 

isospin-violating decays

Theorists proposed to directly measure 

f0(980)↔ 𝒂𝟎
𝟎(𝟗𝟖𝟎) mixing via isospin-violating 

processes  𝐉/𝛙 → 𝛟𝐟𝟎 𝟗𝟖𝟎 → 𝛟𝐚𝟎
𝟎 𝟗𝟖𝟎 → 𝛟𝛈𝛑𝟎

and 𝛘𝐜𝟏 → 𝛑𝟎𝐚𝟎
𝟎 𝟗𝟖𝟎 → 𝛑𝟎𝐟𝟎 𝟗𝟖𝟎 → 𝛑𝟎𝛑+𝛑−.

[PRD 75 114012(2007), PRD 78 074017(2008)]
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The references predicted the intensities of mixing:



𝐉/𝛙 → 𝛟𝐟𝟎 𝟗𝟖𝟎 → 𝛟𝐚𝟎
𝟎 𝟗𝟖𝟎

S
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o
lu

ti
o
n

 I
I

𝜼 → 𝜸𝜸 𝜼 → 𝟑𝝅
 𝑎0

0 980 is reconstructed 

from 𝜋0𝜂.

 Interference between EM 

and mixing signal.

7.4σ

PRL 121, 022001 (2018)

mixing
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4.6σ

𝜂′



𝛘𝐜𝟏 → 𝛑𝟎𝐚𝟎
𝟎 𝟗𝟖𝟎 → 𝛑𝟎𝐟𝟎 𝟗𝟖𝟎

 Very narrow peak 

around 1.0 GeV

 EM contribution is weak 

(0.2𝝈) and neglected

 Interference is negligible

 Significance of mixing 

𝐚𝟎
𝟎 𝟗𝟖𝟎 → 𝐟𝟎(𝟗𝟖𝟎) is 

5.5𝝈

5.5σ

mixing

PRL 121, 022001 (2018)
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Isospin violating transitions 

with 𝝅𝟎 production
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1. 𝝍′ → 𝝅𝟎𝑱/𝝍

2. 𝝍′ → 𝝅𝟎𝒉𝒄

3. 𝝍′ → 𝝅𝟎𝝓

4. 𝒀 𝟒𝟐𝟔𝟎 → 𝑱/𝝍𝜼𝝅𝟎

5. 𝑫𝒔𝟎
∗ 𝟐𝟑𝟏𝟕 ± → 𝝅𝟎𝑫𝒔

±



ℬ 𝜓′ → 𝜋0𝐽/𝜓 = (1.26 ± 0.02 𝑠𝑡𝑎𝑡. ± 0.03 𝑠𝑦𝑠𝑡. ) × 10−3

𝜓′ → 𝜋0𝐽/𝜓
𝐽/𝜓 → 𝑒+𝑒−

𝜓′ → 𝜋0𝐽/𝜓
𝐽/𝜓 → 𝜇+𝜇−

𝜓′ → 𝜂𝐽/𝜓
𝐽/𝜓 → 𝑒+𝑒−

𝜓′ → 𝜂𝐽/𝜓
𝐽/𝜓 → 𝜇+𝜇−
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𝑀 𝛾𝛾 (GeV/𝑐2) 𝑀 𝛾𝛾 (GeV/𝑐2)

𝑀 𝛾𝛾 (GeV/𝑐2)𝑀 𝛾𝛾 (GeV/𝑐2)

𝑅 =
ℬ 𝜓′ → 𝜋0𝐽/𝜓

ℬ(𝜓′ → 𝜂𝐽/𝜓)
= 3.74 ± 0.06 𝑠𝑡𝑎𝑡. ± 0.04 𝑠𝑦𝑠𝑡. × 10−2

ℬ(𝜓′ → 𝜂𝐽/𝜓) = 33.75 ± 0.17 𝑠𝑡𝑎𝑡. ± 0.86 𝑠𝑦𝑠𝑡. × 10−3



Phys. Rev. Lett. 104, 132002 (2010).

Isospin-violating decay 𝝍′ → 𝝅𝟎𝒉𝒄

𝓑 𝝍′ → 𝝅𝟎𝒉𝒄 = 𝟖. 𝟒 ± 𝟏. 𝟑 ± 𝟏. 𝟎 × 𝟏𝟎−𝟒

𝑅 =
ℬ 𝜓′ → 𝜋0ℎ𝑐
ℬ 𝜓′ → 𝜋0𝐽/𝜓

≅ 0.7

Taken into account phase space effect,     

the intensity of isospin violation would 

be equal between the two modes.
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𝜓′→ 𝜋0ℎ𝑐 , ℎ𝑐 → 𝛾𝜂𝑐 , 𝜂𝑐 → 𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔

𝜓′→ 𝜋0ℎ𝑐, ℎ𝑐 → 𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔



Isospin-violating decay 𝑱/𝝍 → 𝝅𝟎𝝓

Phys. Rev. D 91, 112001 (2015)

Considering the interference between  

𝐽/𝜓 → 𝜋0𝜙 and J/𝜓 → 𝜋0𝐾+𝐾−, 

ℬ J/𝜓 → 𝜋0𝜙
= 2.94 ± 0.16 ± 0.16 × 10−6

and 1.24 ± 0.33 ± 0.30 × 10−7

𝑅 =
ℬ 𝐽/𝜓 → 𝜋0𝜙

ℬ 𝐽/𝜓 → 𝜂𝜙
≅ 0.2 − 4 × 10−3
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constructive

destructive



 The tetraquark model [1] predicts that 𝑍𝑐 3900 0

can be produced in 𝑌 4260 → 𝐽/𝜓𝜂𝜋0 with 

𝑍𝑐 3900 0 decaying into 𝐽/𝜓𝜋0 and possibly 

𝐽/𝜓𝜂 in the presence of sizable isospin violation. 

 The molecular model [2] predicts a peak in the 

cross section of 𝑌 4260 → 𝐽/𝜓𝜂𝜋0 at the 𝐷1 𝐷
threshold and a narrow peak in the 𝐽/𝜓𝜂
invariant mass spectrum at the 𝐷 𝐷∗ threshold.
[1]Phys. Rev. D 87, 111102 (2013)

[2]Phys. Rev. D 89, 054038 (2014) 
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90% C.L.

(𝜂𝜋0)

(𝜂𝜋0)



5.8 

Isospin-violating decay 𝑫𝒔𝟎
∗ 𝟐𝟑𝟏𝟕 ± → 𝝅𝟎𝑫𝒔

±

PRD 97,051103(2018)

It indicates that 𝐷𝑆0
∗ 2317 − tends to have a significantly smaller branching 

fraction to 𝛾𝐷𝑠
− than to 𝜋0𝐷𝑠

−, and this differs from the expectation of the 

conventional  𝑐𝑠 hypothesis of the 𝐷𝑆0
∗ 2317 − [PRD 74, 032007 (2006)] , but agrees 

well with the calculation in the molecule picture [PLB 568, 254 (2003)] .
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via 𝑒+𝑒− → 𝐷𝑠
∗∓𝐷𝑠0

∗ 2317 ±

5.8𝜎



Isospin violations 

in baryon final states
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1. 𝑱/𝝍 → 𝚲 𝚲𝝅𝟎

2. 𝑱/𝝍 → 𝚲 𝚺 + 𝒄. 𝒄.

3. 𝒆+𝒆− → 𝚲 𝟏𝟓𝟐𝟎  𝐧𝑲𝟎 + 𝒄. 𝒄.
≠ 𝒆+𝒆− → 𝚲 𝟏𝟓𝟐𝟎  𝒑𝑲+ + 𝒄. 𝒄.



𝑅 =
ℬ 𝐽/𝜓→Λ Λ𝜋0

ℬ 𝐽/𝜓→Λ Λ𝜂
=

3.78±0.27±0.30 ×10−5

(15.7±0.80±1.54)×10−5
= 0.24

𝑅 =
ℬ 𝜓′→Λ Λ𝜋0

ℬ 𝜓′→Λ Λ𝜂
=

0.29×10−5@90% 𝐶.𝐿.

(2.48±0.34±0.19)×10−5
< 0.12

Extremely 

large!

P
R

D
 8

7
, 0

5
2
0
0
7
 (2

0
1
3
)
𝐽/𝜓 → Λ Λ𝜋0 𝐽/𝜓 → Λ Λ𝜂

𝜓′ → Λ Λ𝜋0 𝜓′ → Λ Λ𝜂
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Peaking:

Λ Σ0𝜋0
M(𝛾𝛾) (GeV/𝑐2) M(𝛾𝛾) (GeV/𝑐2)

M(𝛾𝛾) (GeV/𝑐2) M(𝛾𝛾) (GeV/𝑐2)



ℬ 𝐽/𝜓 →  ΛΣ = 1.46 ± 0.11 ± 0.12 × 10−5

ℬ 𝐽/𝜓 → Λ Σ = 1.37 ± 0.12 ± 0.11 × 10−5
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𝛾 Λ



Except for 𝚲(𝟏𝟓𝟐𝟎), no significant signal is observed.

arXiv: 1807.03468
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above open charm threshold

Θ 1540 + Θ 1540 +





𝜎𝐵𝑜𝑟𝑛[𝑒
+𝑒− → Λ 1520  𝑛𝐾𝑆

0 + 𝑐. 𝑐. ] × ℬ[Λ 1520 → 𝑝𝐾−]

𝜎𝐵𝑜𝑟𝑛[𝑒
+𝑒− → Λ 1520  𝑝𝐾+ + 𝑐. 𝑐. ] × ℬ[Λ 1520 → 𝑝𝐾−]

≠ 1

The statistical significance of the  cross section difference at 

center-of-mas energy of 3.773 GeV is determined to be 3.1𝝈 .

arXiv: 1807.03468
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above open charm threshold



 Exotic mesons 𝐟𝟎 𝟗𝟖𝟎 and 𝒂𝟎
𝟎(𝟗𝟖𝟎) in isospin-violating 

decays are investigated.

 BESIII has accumulated 5 billion J/ events, 0.5 billion 𝝍′

events and ~15 fb-1 data above open charm threshold, and 

is an ideal place to study isospin violations.

 More interesting results are expected at BESIII.

Summary

Thank you for your attention!
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Backup
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