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BEPC(II)/BES(III)历史沿革与计划
 1983年4月25日，国务院批准国家计委《关于审批2×22亿电子伏正负电子对撞机建设计划的请示报告》。

 1983年12月，中央书记处第一○三次会议将BEPC列入国家重点工程建设项目，并成立对撞机工程领导小组。

 1984年10月7日，BEPC工程破土动工，邓小平等党和国家领导人为工程奠基。

 1988年10月16日，北京正负电子对撞机实现正负电子对撞。

 1988年10月24日，邓小平等党和国家领导人视察北京正负电子对撞机。

 1989年6月22日，北京谱仪（BES）对撞产生第一个J/ψ事例。

 1989年9月，北京谱仪开始物理实验。  BES
 1990年7月21日，BEPC工程通过国家验收。获1990年度国家科技进步奖特等奖。

 【1991年9月，苑长征加入高能所、北京谱仪合作组。】

 1992年1月20日，北京谱仪圆满结束了τ轻子质量测量实验工作。

 1993年5月，中科院批准《BEPC改进项目可行性研究报告》、《北京谱仪改进项目可行性研究报告》 BESII
 1999年2月7日，“北京正负电子对撞机/北京谱仪/北京同步辐射装置改进”项目顺利通过鉴定。

 2004年，BEPCII开始建造。

 2008年，BESIII实验开始运行取数。 BESIII
 2013年3月26日, BESIII实验宣布发现Zc(3900)。

 2021年7月29日，中科院同意启动BEPCII对撞能量和取数效率升级  2030+ 2



Symposium on 30 years of BES Physics
• 30 talks on BES, BESII, and BESIII
• https://indico.ihep.ac.cn/event/9761/
• With pictures, video, and talks
• Proceedings + selected papers published by WSPC, Singapore

https://www.worldscientific.com/worldscibooks/10.1142/11757
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具体内容可见 indico page，可自由下载参考 4
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粒子物理标准模型是一个“成熟的物理理论”

夸克间或轻子间通过弱相互
作用互相转化；

夸克间通过强相互作用形成
质子和中子进而形成原子核；

原子核与电子通过电磁相互
作用形成原子及万物；

万物通过引力相互作用形成
了宇宙。

6



粒子物理研究现状与关键科学问题
 电弱理论（EW）得到精确测量和检验

 2012年发现希格斯粒子2013年诺贝尔奖

 电弱理论的巨大成功 ! 

 强作用理论量子色动力学（QCD）

 在高能下得到实验的大量检验

 渐近自由2004年诺贝尔奖

 色禁闭机制？

 超出标准模型的新物理

 中微子质量、暗物质、暗能量

 迹象：W质量？B衰变中的LFU？aµ？
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BES(III)关注的科学问题

• 标准模型的发展与精确检验新物理寻找

– 电弱相互作用的精确测量

• 标准模型参数的精确测量（τ质量、CKM矩阵元、aµ、α）
• 标准模型基本假设的检验（轻子普适性）

– 强相互作用的深入研究

• 格点量子色动力学（LQCD）检验（粲介子衰变常数、奇特强子态）

• 粲偶素衰变性质（“12%规则”及扩展）

• 介子、重子（包括超子、粲重子）结构

– 新物理寻找

• 超子的极化与CP破坏测量

• 暗光子、CP-odd Higgs粒子、轻子数（味）破坏、重子数破坏等等
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名词解释
• 强子

– 常规强子

• 介子

• 重子（超子）

– 奇特强子

• 胶球

• 混杂态

• 强子分子态

• 多夸克态
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• 粲（càn，去声）

• 粲强子

– 粲介子

– 粲重子

– 双粲重子，…

• 粲偶素

• 类粲偶素

• 质心系能量

• 积分亮度

• 质量

• 宽度

• 寿命

• 量子数（IGJPC等）

• 截面

• 分支比



粲偶素 与 类粲偶素(=XYZ粒子)

predicted, discoveredηc(1S)

J/ψ

ηc(2S)
ψ(2S)

hc(1P)
χc0(1P)

χc1(1P) χc2(1P)
2005

1974

Godfrey & Isgur, PRD32, 189 (1985)

ψ(3770)

ψ(4040)
ψ(4160)

ψ(4415)

χc2(2P)
ψ(3823)X(3872)

Y(4260)
Y(4360)

Y(4660)

unpredicted, discovered

charged
Zc(3900)

Zc(4020)

Zc(4430)

χc0(2P)

特点：衰变产物中有粲偶素，但很难
轻易解释为粲偶素，也叫类粲偶素
(charmoniumlike)。

?

ψ(3842)
民间命名规则：

Z：同位旋≠0

Y：JPC=1−−

X：其它



报告提纲

• BESBESIIBESIII上的相关研究

• 未来

– BEPCII升级

– 超级陶粲工厂

– 超级J/ψ工厂

• 总结
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北京正负电子对撞机(BEPC)和
北京谱仪(BES,BESII)

中国科学院高能物理研究所

• 1984年动工
• 1988年对撞
• Ecm=2-5 GeV 
• 1989-2005: 
Lpeak=1.0x1031 /cm2s 
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粲粒子物理和τ物理

• 粲粒子物理

• 胶子球、混合态、

新粒子的寻找和

确认
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• 粲粒子物理

• 粲子素

• ηc
’

• hc(1P1)

• ψ(4040), ψ(4160)

• D和Ds衰变

• CKM矩阵元

• Rare decays

• DD mixing, CPV
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• 粲粒子物理

• D和Ds衰变

• CKM

• Rare decays

• DD mixing, CPV

• Ds decays

• 粲重子

• 轻子物理

• τ中微子质量

• 非轻子衰变分支比

• Rare decays

• (g-2)τ 16



部分成果 (按发表顺序)

• τ质量测量

• Measurement of fDs and |Vcs|

• “ρπ疑难”和“12%规则”

17



τ质量精确测量和轻子普适性检验

BES： Phys.Rev.Lett. 69 (1992) 3021；Phys. Rev.D 53 (1996) 20

阈值扫描：5 pb-1数据；比原PDG数据降低7.2 MeV，精度～0.3 MeV
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τ质量精确测量和轻子普适性检验
2018年阈值扫描：132 pb-1数据，预计总精度好于 0.1 MeV
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Precision measurement of CKM matrix elements 
— a precise test of SM model

New physics beyond SM?

CKM matrix elements are fundamental SM parameters that describe the mixing of 
quark fields due to the weak interaction. 
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Three generations of quark? Unitary matrix?

Expected precision < 2% at BESIII

BESIII + B factories + 
LHCb + LQCD

BESIII + B factories + 
LHCb + LQCD

CKM matrix elements: precision test of SM
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CKM矩阵元与粲介子衰变常数

质心能量：4.03 GeV

BES, Phys. Rev. Lett. 74 (1995) 4599

首次测量粲介子衰变常数，开始对LQCD

的精确检验和对CKM矩阵元的精确测量

双标记：3个清楚的事例

68.3%置信度区间
300-580 MeV
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Leptonic decays of D and Ds
• Decay constants to calibrate LQCD 
• |Vcs(d)| test unitarity of the CKM matrix

PRD89(2014)051104R

409±21 evts

3.19 fb-1 data@4.178 GeV
PRL122, 071802 (2019)

1136±33 evts

310)15.016.049.5(]B[ −++ ×±±=→ vDs µ

𝑓𝑓𝐷𝐷𝑠𝑠+ 𝑉𝑉𝑐𝑐𝑐𝑐 = 246.2 ± 3.6 ± 3.5 MeV 22



Precision measurement of fDs and |Vcs|
Best results in a single measurement

Input 𝒇𝒇𝑫𝑫𝒔𝒔+ = 𝟐𝟐𝟐𝟐𝟐𝟐.𝟐𝟐 ± 𝟎𝟎.𝟓𝟓 MeV from LQCD calculations Input 𝑽𝑽𝒄𝒄𝒔𝒔 = 𝟎𝟎.𝟐𝟐𝟗𝟗𝟗𝟗𝟐𝟐𝟎𝟎 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 from CKM global fit 
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H.D.Politzer 和“12%规则”
PRL30, 1346 (1973)通过检验2004年诺贝尔奖

+M. Appelquist, PRL34, 43 (1975)?

著名的“12%规则”!

12%
B

B

B

B
Q

eeJ/ψ

eeψ(2S)

hJ/ψ

hψ(2S)
h ≈==

−+

−+

→

→

→

→

ψ(2S)与J/ψ唯一的差别是主量子数不同，“12%规则”
是一个干净、简单的理论推论，预期普遍成立。

“规则”的破坏意味着强相互作用中非常基本的、不
为人知的规律的存在！ 24
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强烈压低与反常增强

KSKL

ρπ

1.多数过程满足“12%规则”

2.首次观测到ψ(2S)ρπ，
发现强烈压低；比“12%
规则”压低近两个量级

3.首次观测到ψ(2S)KSKL，
相对于理论预期反常增强!

理论预期
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BESIII
PRL105, 261801 (2010)

Many more tests now!

J/ψ & ψ’γπ0, γη & γη’
4.6σ

4.3σ

Μ(π+π−η)

Μ(γγ)

Μ(πππ)

ψ’γη’

ψ’γπ0

ψ’γη

Mode B(ψ’) [x10-6] B(J/ψ) [x10-4] Q   (%)
γπ0 1.58±0.42 0.35±0.03 4.5 ± 1.3
γη 1.38±0.49 11.04±0.34 0.13 ± 0.04
γη’ 126±9 52.8±1.5 2.4 ± 0.2
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９种理论模型被实验所排除

13种对破坏“12%规则”过程进行解释的理论模型
其中９种被我们的实验所排除，与实验结果不符！

没有理论模型对反常增强做出预言！

系统研究了各种两体、三体和多体衰变末态

矢量－赝标量 反常压低

赝标量－赝标量 反常增强

矢量－张量 反常压低

多介子末态 反常压低或正常

含重子对末态 反常压低或正常

等等几十个衰变末态

For a review, see hep-ph/0611214 28



Extension of “12% rule” to pseudoscalar charmonia

• Kuang-Ta Chao, Yi-Fan Gu, and S.F. Tuan, Commun. Theor. Phys. 25 (1996) 471-478,

QP=1

• Mauro Anselmino, Marco Genovese, and Enrico Predazzi, Phys. Rev. D 44, 1597 (1991),

“12% rule”

QP= QV

• Qian Wang, Xiao-Hai Liu, and Qiang Zhao, Physics Letters B 711 (2012) 364–370, 

QP=1.18±0.81    [PDG2021]
29



Extension of “12% rule” to pseudoscalar charmonia
• BESIII with 10B J/ψ, 3B ψ’ events, Belle II & LHCb with large B-decay samples, Belle II with 

more two-photon collision data will supply more information on these decays.
• We should try to understand these puzzles.

K*K

ρπ

• Anselmino, Genovese, Predazzi (1991), trigluonium-
charmonium mixing

• Chao, Gu, Tuan (1996) : bigluonium-charmonium mixing

• Qiang Zhao et al., 

• 1110.6235, ηc mixing effects on charmonium and B 
meson decays

• 1712.02550, Revisiting the pseudoscalar meson and 
glueball mixing and key issues in the search for a 
pseudoscalar glueball state

• Qian, Xiaohai and Qiang, 1202.3026, Updated study of 
the ηc and ηc’ decays into light vector mesons

• Ying Chen et al., 2107.12749, the glueball content of ηc

• …
H. Wang and CZY, CPC 46, (2022) 071001 30



BESII data samples
Data BESII CLEOc

J/ψ 58 M --

ψ’ 14 M 25 M (2006)

ψ’’ 33 pb-1 ~800 pb-1 (2006-07)

Continuum 6.4 pb-1 (√s=3.65 GeV) 21 pb-1 (√s=3.67 GeV)

Performance
σp/p 1.7%/√1+p2

σE/E 22% /√E
PartID dE/dx+TOF

Coverage 80%

BESII
A typical event 
in BES detector
ψ(2S)J/ψπ+π-

J/ψ e+e-

BESII在PRL, PRD, PLB等刊物发表100余篇论文！
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部分成果 (按发表顺序)

• 大范围R值扫描

• 发现X(1859)/X(1835)

• 研究标量介子

• “ρπ疑难”和“12%规则”

• 发现ψ’’ non-DD 衰变

32



R值测量与标准模型精确检验

标准模型精确检验实验和理论研究都与R值测量精度密切相关：

电磁跑动耦合常数αQED(s)：电磁相互作用强度参数；

Higgs粒子：标准模型对Higgs质量的拟合；

µ子反常磁矩(g-2)：检验标准模型最灵敏、最精确的实验。

最基本的理论问题，但长期以来需要

实验的输入！

LQCD开始提供可靠的计算！

?

R值是粒子物理中直接证明夸克味与色量子数

的最基本的物理量，以及正负电子湮没产生

强子的概率。
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R值/ψ激发态

当时2.0-5.0 GeV 能区数据贫乏，粲介子阈值以上粲偶素
能谱研究很差！1998-99，两轮R值扫描，91个能量点。

From PDG

𝑠𝑠 (GeV)
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BESII实验结果

BES测量结果平均误差为6.6%，精

度比国外同能区实验提高了2-3倍

3.7-4.5GeV能量范围的精细扫描使

粲偶素能区共振结构更为清晰

BES的R值成果对标准模型计算的不确定性大大减小：

BESII增强了在该能区使用pQCD的信心，理论预言精度进一步提高。

PRL84, 594 (2000)
PRL88, 101802 (2002)
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标准模型对Higgs粒子质量的拟合

GeVm
GeVm

H

H

212
98 58

38

<
= +

−

GeVm
GeVm

H

H

170
62 53

30

<
= +

− (95% C.L.)

把BESII的结果带入标准模型进行拟合，发现Higgs粒子质量的最可几值由原来的62GeV上升为98GeV，
质量上限由原来的170GeV改变为212GeV，与欧洲核子中心几个实验组曾报告可能的Higgs粒子质量为

115GeV的结果相容。BESII的R测量结果对实验上寻找Higgs粒子产生了极重要的影响。 36



R值测量@BESIII

每个能量点～100,000强子事例！

比BESII精度再提高1-2倍～2-3%

对探测器和产生子
理解的巨大挑战！

R values @ 14 data points from 2.2324 to 3.671 GeV

• The accuracy better than 2.6% below
3.1 GeV and 3.0% above.

• Larger than the pQCD prediction by
2.7σ between 3.4 ∼ 3.6 GeV.

PRL 128, 062004 (2022) 
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Muon g-2: BESIII contributions to HVP 

Uncertainties

2.9 fb-1 @3773MeV

Great achievement with coming  20 fb-1 @3773 MeV 38



新物理？还是实验偏差或是QCD计算问题？

39



R value and (g-2)µ

基于色散关系计算的结果可靠吗？ LQCD的结果可靠吗？

基于色散关系计算的结果与LQCD之间

的差异来自不可见QCD物质？ 40



X(1859) in J/ψJ/ψγ pp

Background     
Efficiency curve

PC

 3  5
10 25

1.9 5
0.8

Assuming J 0 :
928 57

1859  MeV
<30 MeV @ 90% C.L.

( / )
           (7.0 0.4 ) 10

signalN
M

B J X p pψ γ γ

−+

+ +
− −

+ −
−

=

= ±

=
Γ

→ → =

± ×

The nature of the 
structure is unknown 
and there are many 
possibilities.

PRL91, 022001 (2003) 41



X(1835)

2

2

MeV/c 7.73.207.67
MeV/c 7.21.67.1833

54264

±±=Γ

±±=

±=

M
Nobs

410)4.04.02.2()()( −−+ ×±±=′→→ ηππγψ XBXJB

Fit with BW + polynomial 
backgrounds, considering 
mass resolution.

Statistical significance: 7.7σ

Mass res. ~ 13 MeV
Efficiency ~ 4%

PRL95, 262001 (2005)−+→ ππγηψ '/J
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X(𝐩𝐩�𝐩𝐩) observed  in J/ψ→γ𝐩𝐩�𝐩𝐩

Connection is emerging

PRL 108, 112003 (2012)
PRL 115, 091803 (2015) 

Phys. Rev. Lett. 106, 072002 (2011) 

PRL 117, 042002 (2016) 

质子－反质子阈值增强
X(1835) observed in 

225M J/ψ

1.3 B J/ψ

What will we find in 10 billion J/ψ events?
43



通过粲偶素辐射衰变研究含胶子奇特强子态

 丰胶子过程
 高统计量低本底样本
 粲偶素衰变I(JPC)量子数守恒使分析简化

• 极具挑战，需要：
（耦合道）分波分析
理论-实验合作：唯象分析和格点QCD 44



通过强子/辐射衰变寻找胶球、混杂态等

0+ 2+ 0-

J/ψ→γPP
J/ψ→γVV
J/ψ→γPPP
J/ψ→γPPP
P

0+, 2+ : 耦合道分析

J/ψ→γPP

J/ψ→ω/φ + X

0- : 2 GeV以上赝标量谱, X(2370)

J/ψ→γPPP

J/ψ→γγ V 

1-+ 奇特态

J/ψ→γη η’等

J/ψ→γX →γ γ V 

Flavor Filters：

J/ψ→ω/φ + X Anti filter: 

100亿J/ψ和30亿ψ(2S)为发现新粒子提供了巨大的可能 ！ 45



f0(600) or σ:

f0(980):

f0(1370):

f0(1500):

f0(1710):

f0(1790):

−+πφπ

−+ KKω

−+πωπ

−+πγπ

−+ KKγ

The scalars

−+ KKφ

PLB 607 (2005) 243
PLB 603 (2004) 138
PLB 598 (2004) 149
PRD 68 (2003) 052003
PLB 642 (2006) 441

S SK Kγ
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PWA of J/ψγηη/γKS
0KS

0

Phys. Rev. D 87, 092009 (2013)

Phys. Rev. D 98, 072003 (2018)

PWA of J/ψγηη

PWA of J/ψγKS
0KS

0

47



Decay rate of pure glueball from LQCD:

CLQCD, Phys. Rev. Lett. 110, 021601 (2013) 

Experimental results from J/ψ radiative decays to scalars or tensors:
B(J/ψ γf0(1710) γ𝐾𝐾�𝐾𝐾)=(8.5−0.9

+1.2) × 10−4

B(J/ψ γf0(1710) γππ)=(4.0±1.0)× 10−4

B(J/ψ γf0(1710) γωω)=(3.1±1.0)× 10−4

B(J/ψ γf0(1710) γηη)=(2.35−0.11−0.74
+0.13+1.24)× 10−4

B(J/ψ γf0(1710)) > 1.7× 10−3

f0(1710) / f2(2340) : candidates of the scalar/ tensor glueballs ? 

Scalar/tensor glueball candidate (0++/2++) 

B(J/ψ γf2(2340) γηη)=(5.60−0.65 −2.07
+0.62 +2.37)× 10−5

B(J/ψ γf2(2340) γφφ)=(1.91 ± 0.14−0.73
+0.72)× 10−4

B(J/ψ γf2(2340) γKS
0KS

0)=(5.54−0.40 −1.49
+0.34 +3.28)× 10−5

CLQCD, Phys. Rev. Lett. 111, 091601 (2013) 
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ψ’’(3770) is above the open charm threshold, expected 
decay predominantly into charmed mesons.

However, old experimental results indicate big charmless 
decays  [11.6nb for σ(e+e-ψ’’), 7.1nb for σ(e+e-ψ’’charm)]

ψ’’ decays

Search for exclusive decay modes
Transitions to lower mass charmonia
Decays to light hadrons

Inclusive measurements 
total hadronic cross section
Total D cross section

ψ’’

ψ’’
Low mass 

charmonium?
Light hadrons? 49



Observation of ψ’’π+π-J/ψ
• Nobs =17.8±4.8
• Nbkg =  6.0±1.4
• Nsignal=11.8±5.0

• BR=(0.34±0.14±0.09)%
• Γ=(80±33±23) keV

• First non-DDbar decay of ψ’’
• Agree with multipole expansion

– Kuang: PRD65, 094024 (2002)

• Confirmed by CLEOc later
– BR=(0.189±0.020±0.020)%    

[PRL96, 082004 (2006)]

Blank: e+e-

Shaded: µ+µ-

PLB605, 63 (2005)
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Search for inclusive ψ’’ charmless decays
CLEO: 
PRL95, 121801 (2005)
PRL96, 092002 (2006)

BES: 
PLB659, 74 (2008)
NPB727, 395 (2005)
PLB603, 130 (2004)

DDbar x-sections agree
Non-DDbar: not inconsistent

(interference important)
Three BES measurements give similar results.       

 L.C. @90%   %11)''B(
nb )08.001.0()(

nb )08.038.6()''(
 GeV 3.773 and 3.671at   valuesR

:CLEOc

41.0
30.0

41.0
30.0

<−→

±−=−→

±=→

⇒

+
−

−+

+
−

−+

DDnon
DDnonee

ee

ψ
σ

ψσ

BESII:
R values at 3.65, 3.665 and 3.773 GeV 
    B( '' ) (14.5 1.7 5.8)% 
Cross section scan around '' peak 
    B( '' ) (16.4 7.3 4.2)%
Leading particle momentum 
    B( '' ) (15.1 5

non DD

non DD

non DD

ψ
ψ

ψ

ψ

⇒

→ − = ± ±
⇒

→ − = ± ±
⇒

→ − = ± .6 1.8)%±
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Observation of ψ’’KSKL
张伯伦等，to be submitted

12σ
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Search for ψ’’φη’2307.12736
侯贤涛等

<2σ
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北京正负电子对撞机II(BEPCII)和
北京谱仪III(BESIII)

中国科学院高能物理研究所

• 2008-now

• Ecm=2.0-4.95 GeV

• Lpeak=1.0x1033/cm2s

(Apr. 5, 2016)
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BESIII Yellow Book (2009)
• Light hadron spectroscopy

– Full spectra: conventional/exotic hadrons  QCD
– How quarks/gluons form a hadron?   non-pQCD

• Charm physics
– CKM matrix elements    SM and beyond
– DD mixing and CPV    SM and beyond

• Charmonium physics
– Spectroscopy and transitions  pQCD & non-pQCD
– New states above open charm thresholds  exotic hadrons?
– pQCD: “ρπ puzzle”  a probe to non-pQCD or pQCD?

• τ physics, R values and QCD
– Precision measurement of the tau mass and R values

• Search for rare and forbidden decay modes

Precision test of SM and search for new physics

hep-ex/0809.1869
IJMPA V24, No 1 (2009) supp.
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BES(III) Physics Programs

• B (looks like DD for D or charm physics)
• E (looks like cc for charmonium physics)
• S (for light hadron Spectroscopy)
• T (for tau physics, looks like a Roman number “III”)
+ New Physics search

EST
57



BESIII commissioning & data taking milestones 
Mar. 2008: first full cosmic-ray event
April 30, 2008: Move the BESIII to IP
July 20, 2008: First e+e- collision event in BESIII
Nov. 2008: ~ 14M ψ(2S) events collected for detector calibration
April 14, 2009  ~107M ψ(2S) events collected (×4 CLEOc)  [for physics!]
May 30, 2009   42 pb-1 at continuum collected                     [background study]
July 28,  2009  ~224M J/ψ events collected (×4 BESII)         [for physics!]
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10x109 2.7x109

16 fb-1

0.5 fb-1

3.2 fb-1

1.9 fb-1

1.1 fb-1

~22 fb-1 XYZ scan data

~1.3 fb-1 R scan, 130 pts 

~ 0.5 fb-1 R scan 

Can cover 0-5 GeV from 
direct annihilation or ISR

2019 - 21

5.6 fb-1 @ 
12  Ecms

BESIII data samples on tape
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BESIII data samples for XYZ study
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BESIII 粲偶素物理工作重点

• Above open-charm
1. Better resonance parameters
2. New charmonium-(like) states

• Below open-charm: Spin-singlet states:
1. ηc – high precision resonance parameters
2. hc – resonance parameters/production rate
3. ηc(2S) – missing radiative transition  in ψ(2S)

• pQCD rule (is it really a rule?)
• Other new phenomena (chance for discovery?)

A slide from 
my talk in 
summer 2010.
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Search for ηc(2S)
CBALL

Prof. Zehui He
My PhD supervisor

OK. We search for ηc’. 
If no signal observed, 
we can determine the 
BFs of χcJ decays.

Sept. 1994-Jun. 1997, PhD student of IHEP
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Search for ηc(2S) & study of χcJ

• Only 3σ and 2σ ηc(2S) signals in 8 searched modes
• Discovered 9 new decay modes
• Measured 29 χcJ decay BFs
• Measured width of χc0

C. Z. Yuan，PhD thesis, 1997
BES: PRL81, 3091 (1998) & PRD60, 072001 (1998)

KsK+π-+c.c. K+K-π+π- 3(π+π-)
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ψ′γηc′ discovered at BESIII

• Observation in KsK+π-+c.c. mode, evidence in K+K-π0 mode

• 127 observed signal events

• B(ψ’→γηc′)=(6.8±1.1±4.5) ×10-4   [theory (0.1-6.2)×10-4 ]

• From BESI to BESIII — 3 generations of detectors & physicists, 
18 years of effort

Statistical significance >10σ BESIII:  PRL109, 042003 (2012)

Liangliang Wang
+ Hu Liu, Ling Yu

64
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重点研究内容：
 测量常规强子性质，寻找奇特强子态，深入研究其能谱、产生和衰变性质
 与理论研究相结合，理解强作用的夸克禁闭机制

理解强相互作用色禁闭机制
强子由夸克通过强作用组成，夸克怎样组成强子，组成什么类型的强子，是粒子物理的根
本问题之一。常规强子由2个夸克（介子）或3个夸克（重子）组成，理论预期存在胶子球、
混杂态、分子态、多夸克态等奇特强子态。

BEPCII/BESIII 实验为寻找和研究奇特强子创造了条件：
 能量 = 2-5.6 GeV，L=1x1033/cm2s，2008-2030

介子

重子

五夸克态 H-双重子态 四夸克态

分子态 混杂态 胶球
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新实验建议：在BESIII寻找XYZ粒子

X(3872)

XYZ(3940)

X(3915)
X(4160)
Y(4008)
Y(4140)
Y(4260)
Y(4360)
X(4350)
Y(4660)

Z(4430)
Z(4250)
Z(4050)

What are they ?

Charmonium?
Hybrid?
Tetraquark?
Molecule?
…

2011年起重点转移到XYZ粒子研究！

?

Godfrey & Isgur, 
PRD32, 189 (1985)
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发现X(3872)：第一个XYZ粒子

Ev
en

ts
/0

.0
1 

G
eV

M(π+π-J/ψ) –M(J/ψ) [GeV]

0.7)%1.2(6.3
)J/ψKππKψ'B(B

)J/ψKππXKB(B

 MeV2.7Γ  MeV,0.50.63872.0M

±±=
→→

→→

<±±=

±−+±±

±−+±±

PRL91 262001 (2003)
140/fb data

35.7±6.8 events (10.3σ)
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在BESIII实验上的寻找

• σ(e+e- → π+π-J/ψ) ~ 4.26 GeV 截面最大

• 我们提出实验建议，采集45 天积累500 pb-1 数据

• 预期观测到~1500 事例，约为B介子工厂 3 倍

寻找e+e-  π+π-J/ψ 中 π±J/ψ 中的共振结构（带电类粲偶素）!
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BESIII上的数据采集

• BEPCII 运行的最高能量, Lpeak ~ 5.3x1032/cm2/s ! 新纪录！
• BEMS 可精确测量质心系能量 ～0.01% 不确定度 !
• 低本底、低噪声，所有子探测器状态极佳!

在30天内积累了 525 pb-1 !
是 CLEO-c 数据的40倍!
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达立兹图 和 一维投影
BESIII:  PRL110, 252001 (2013)
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发现带电类粲偶素粒子Zc(3900)

6月17日，发现Zc(3900)的论文在《物理评论快报》发表，杂志编辑推荐，

并特别配发题为“新粒子暗示存在四夸克物质”的评论；《自然》杂志发

表了题为“夸克‘四重奏’开启物质世界的大门”的研究热点报道。

2013年3月26日， BESIII合作
组宣布发现了Zc(3900)。因其
衰变产生π±和J/ψ介子，组成
中含有粲夸克和反粲夸克且带
有和电子相同或相反的电荷，
提示其中至少含有四个夸克，
可能是科学家长期寻找的一种
奇特强子。

BESIII:  PRL110, 252001 (2013)
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美国物理学会《物理》杂志公布2013年国际物理学领域十一项重要成果，
“发现四夸克物质”位列榜首。

SLAC Inspire： 1044次引用
BESIII引用最多的文章！

“四夸克物质”

 发现Zc(3900)论文入选中国科学技术信息研究所发布的2013年度“中国百篇

最具影响国际学术论文”

 “北京谱仪III观测到一种包含至少4个夸克的带电粒子”入选科技部主办的

2013年度“中国科学十大进展”

 入选中科院“十二五”25项重大科技成果及标志性进展

 入选中科院“改革开放40年40项标志性重大科技成果”
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《科技日报》2021年5月24日整版报道大国重器成果
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Zc(3900)到底是什么?

• 实验上的存在毋庸置疑

• 至少含四个夸克，一定不是常规介子态

• 四夸克态? 夸克对-反夸克对四夸克态？
Phys. Rev. D87,125018(2013); Phys. Rev. D88, 074506(2013); 
Phys. Rev. D89,054019(2014); Phys. Rev. D90,054009(2014); etc.

• DD* 分子态?
Phys. Rev. Lett. 111, 132003 (2013); Phys. Rev. D 89, 094026 (2014) 
Phys. Rev. D 89, 074029 (2014); Phys. Rev. D 88, 074506 (2013); etc.

• 初态单粒子发射？耦合道效应？其它效应？
Phys. Rev. D 88, 036008 (2013); Phys. Rev. D 91, 034009 (2015); etc.

• 测量更多的产生与衰变性质 [JP,πψ’, ρηc, …] 
• 寻找其它的家族成员 74



Featured in“physics”: 
Filling in a Tetraquark’s Profile
完善四夸克态档案

Zc(3900)的自旋宇称=1+

• 非对称共振曲线，Flatte
参数化

• JP=1+ 比 0-, 1-, 2-, 2+ 
描述数据优度好于 7σ.

• 更精确的共振参数测量

PRL 119, 072001 (2017)

4.26 GeV
826/pb

4.23 GeV
1092/pb
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e+e- → π Zc(4020)  π+π-hc(1P)

Simultaneous fit to 
4.23/4.26/4.36 GeV data and 
16 ηc modes: 8.9σ

M= 4022.9±0.8±2.7 MeV  

Γ = 7.9±2.7±2.6 MeV

PRL111, 242001(2013)发现带电类粲偶素粒子Zc(4020)！
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The Zc states with u,d-quark

Zc(4430), 2008 All are observed in 

π+charmonium (J/ψ, hc, 

ψ(2S)) final states,  

candidate c cd u 

tetraquark states 

 Existence of states 

with ds? 

 Search for states 

decay into K±J/ψ,

D*Ds +DD*
s !

Zc(4020), 2013

M(D*0D*-)

Zc(3900), 2013

M(D0D*-)

2014
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Zcs(4000) and Zcs(4220) 
in K±J/ψ decay mode!

𝒔𝒔=4.4~5.5 GeV

PRD 89, 072015 (2014) PRL 126, 102001 (2021)

No significant signal in 
K±J/ψ decay mode!

(statistics low!)

Zcs(3985) inD*Ds +DD*
s mode!

PRL 127, 082001 (2021)

State Signif. JP Mass (MeV) Width (MeV)
Zcs(3985) 5.3σ ?? 3982.5−2.6

+1.8 ± 2.1 12.8−4.4
+5.3 ± 3.0

Zcs(4000) 15σ 1+ 4003 ± 6−14+4 131±15±26
Zcs(4220) 5.9σ 1+ 4216 ± 24−30+43 233 ± 52−73+97

Do their isospin partners exist? May BESIII see Zcs in e+e−K+K−J/ψ?

Widths different,  may 
not be the same state!
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Evidence for the neutral Zcs(3985) & Zcs(4000) 
PRL129, 112003 (2022) 𝑒𝑒+𝑒𝑒− → 𝐾𝐾𝑐𝑐0 (𝐷𝐷𝑐𝑐−𝐷𝐷∗+ + 𝐷𝐷𝑐𝑐∗−𝐷𝐷+)

 Minimal quark content 𝑐𝑐 ̅𝑐𝑐𝑠𝑠�̅�𝑑? Mass and width consistent with charged Zcs → isospin partner

Significance >4.0σ after including systematic uncertainties

Significance 5.4σ with isospin symmetry imposed

arXiv:2301.04899v2
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No significant structures in K±J/ψ decay mode!

No Zcs in BESIII e+e−K+K−J/ψ data!

80

<0.03 @ 90% C.L.

arXiv: 2308.15362

M=4044±6 MeV
Γ =   36±16 MeV
Significance: 2.3σ

𝐵𝐵(𝑍𝑍𝑐𝑐 3900 → (𝐷𝐷∗�𝐷𝐷)±)
𝐵𝐵(𝑍𝑍𝑐𝑐 3900 → 𝐽𝐽/𝜓𝜓𝜋𝜋±)

= 6.2±2.9

PRL 119, 072001 (2017)



+ J/ψ

+ hc

81

JP=1+



Charged quarkoniumlike states must have at least 4 quarks!
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Search for Hybrids with exotic quantum numbers

• Formed by quarks, anti-quarks, and excitation 
gluon fields

• Low-lying hybrids can have exotic quantum 
numbers 0+−, 1−+, 2+−, which is forbidden by 𝒒𝒒�𝒒𝒒
configuration

• LQCD predicts the mass of lightest exotic 𝐽𝐽𝑃𝑃𝑃𝑃

= 𝟎𝟎−+ nonet of hybrids is 1.7~2.1 GeV/c2
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Hybrids (𝟎𝟎−+)
• Only isovector 𝟎𝟎−+ observed : 𝝅𝝅𝟎𝟎 𝟎𝟎𝟐𝟐𝟎𝟎𝟎𝟎 ,𝝅𝝅𝟎𝟎 𝟎𝟎𝟏𝟏𝟎𝟎𝟎𝟎 ,𝝅𝝅𝟎𝟎 𝟐𝟐𝟎𝟎𝟎𝟎𝟓𝟓

• 𝜋𝜋1 1400 and 𝜋𝜋1 1600 can be explained as one resonance with recent coupled channel analyses

• Isoscalar 𝟎𝟎−+ is critical to establish the hybrid nonet
• Can be produced in 𝐽𝐽/𝜓𝜓 radiative decays
• Can decay to 𝜂𝜂𝜂𝜂𝜂 in P-wave

 Search for Isoscalar 𝟎𝟎−+ in 𝑱𝑱/𝝍𝝍 → 𝜸𝜸𝜸𝜸𝜸𝜸𝜂

𝝅𝝅𝟎𝟎𝒅𝒅𝒅𝒅𝒄𝒄𝒅𝒅𝒅𝒅𝒎𝒎𝒎𝒎𝒅𝒅𝒅𝒅 Decay channel collaboration

π1(1400)
ηπ

𝜋𝜋−𝑝𝑝 → 𝜋𝜋−𝜂𝜂𝑝𝑝
𝜋𝜋−𝑝𝑝 → 𝜋𝜋0𝜂𝜂𝑛𝑛
𝜋𝜋−𝑝𝑝 → 𝜋𝜋−𝜂𝜂𝑝𝑝
𝜋𝜋−𝑝𝑝 → 𝜋𝜋0𝜂𝜂𝑛𝑛
�̅�𝑝𝑛𝑛 → 𝜋𝜋−𝜋𝜋0𝜂𝜂
�̅�𝑝𝑝𝑝 → 𝜋𝜋0𝜋𝜋0𝜂𝜂

GAMS
KEK
E852
E852
CBAR
CBAR

ρπ �̅�𝑝𝑝𝑝 → 2𝜋𝜋+2𝜋𝜋− Obelix

π1(2015)
f1π 𝜋𝜋−𝑝𝑝 → 𝜔𝜔𝜋𝜋−𝜋𝜋0𝑝𝑝

E582
b1π 𝜋𝜋−𝑝𝑝 → 𝑝𝑝𝜂𝜂𝜋𝜋+𝜋𝜋−𝜋𝜋−

𝝅𝝅𝟎𝟎𝒅𝒅𝒅𝒅𝒄𝒄𝒅𝒅𝒅𝒅𝒎𝒎𝒎𝒎𝒅𝒅𝒅𝒅 Decay channel collaboration

π1(1600)

η’π
𝜋𝜋−𝐵𝐵𝑒𝑒 → 𝜂𝜂𝜂𝜋𝜋−𝜋𝜋0𝐵𝐵𝑒𝑒
𝜋𝜋−𝑝𝑝 → 𝜋𝜋−𝜂𝜂𝜂𝑝𝑝
𝜒𝜒𝑐𝑐1 → 𝜂𝜂𝜂𝜋𝜋+𝜋𝜋−

VES
E852

CLEO-c

b1π
𝜋𝜋−𝐵𝐵𝑒𝑒 → 𝜔𝜔𝜋𝜋−𝜋𝜋0𝐵𝐵𝑒𝑒
�̅�𝑝𝑝𝑝 → 𝜔𝜔𝜋𝜋+𝜋𝜋−𝜋𝜋0
𝜋𝜋−𝑝𝑝 → 𝜔𝜔𝜋𝜋−𝜋𝜋0𝑝𝑝

VES
CBAR
E582

ρπ 𝜋𝜋−𝑃𝑃𝑃𝑃 → 𝜋𝜋+𝜋𝜋−𝜋𝜋−𝑋𝑋
𝜋𝜋−𝑝𝑝 → 𝜋𝜋+𝜋𝜋−𝜋𝜋−𝑝𝑝

COMPASS
E582

f1π
𝜋𝜋−𝑝𝑝 → 𝑝𝑝𝜂𝜂𝜋𝜋+𝜋𝜋−𝜋𝜋−
𝜋𝜋−𝐴𝐴 → 𝜂𝜂𝜋𝜋+𝜋𝜋−𝜋𝜋−𝐴𝐴

E582
VES
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arXiv:2202.00621 & 2202.00623: 10 billion 𝐽𝐽/𝜓𝜓

Observation of 𝜸𝜸𝟎𝟎(𝟎𝟎𝟏𝟏𝟓𝟓𝟓𝟓) (𝟎𝟎−+) in 𝑱𝑱/𝝍𝝍 → 𝜸𝜸𝜸𝜸𝜸𝜸𝜂

A clear asymmetry largely due to 𝜂𝜂1(1855) signal

An isoscalar resonance 
with exotic 𝑱𝑱𝑷𝑷𝑷𝑷 = 𝟎𝟎−+

which is  consistent with 
Lattice QCD calculation 
(𝟎𝟎.𝟗𝟗~𝟐𝟐.𝟎𝟎 𝐆𝐆𝐆𝐆𝐆𝐆)
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The absolute measurements of 𝜦𝜦𝒄𝒄+ decays 

Hadronic decay
𝚲𝚲𝐜𝐜+ → 𝒑𝒑𝑲𝑲−𝝅𝝅+ + 11 CF modes PRL 116, 052001 (2016)
𝜦𝜦𝒄𝒄+→pK+K-, pπ+π- PRL 117, 232002 (2016)
𝜦𝜦𝒄𝒄+→nKsπ+ PRL 118, 12001 (2017)
𝜦𝜦𝒄𝒄+→pη, pπ0 PRD 95, 111102(R) (2017)
𝜦𝜦𝒄𝒄+→ 𝜮𝜮−π+π+π0 PLB 772, 388 (2017) 
𝜦𝜦𝒄𝒄+ → 𝜩𝜩𝟎𝟎(∗)𝑲𝑲+ PLB783, 200 (2018)
𝜦𝜦𝒄𝒄+ → 𝚲𝚲𝜸𝜸𝝅𝝅+ PRD99, 032010 (2019)
𝜦𝜦𝒄𝒄+ → 𝚺𝚺+𝜸𝜸,𝚺𝚺+𝜸𝜸𝜂 CPC43, 083002 (2019)
𝜦𝜦𝒄𝒄+ → BP decay asymmetries PRD100, 072004 (2019)
𝜦𝜦𝒄𝒄+ → 𝑝𝑝Ks𝜸𝜸 arXiv: 2012.11106

Semi-leptonic decay
𝜦𝜦𝒄𝒄+→𝜦𝜦e+𝝂𝝂𝒅𝒅 PRL 115, 221805(2015)
𝜦𝜦𝒄𝒄+→𝜦𝜦μ+𝝂𝝂𝝁𝝁 PLB 767, 42 (2017)

Inclusive decay
𝜦𝜦𝒄𝒄+→𝜦𝜦X PRL121, 062003 (2018)
𝜦𝜦𝒄𝒄+→𝒅𝒅+X PRL 121 251801(2018) 
𝜦𝜦𝒄𝒄+→𝑲𝑲𝒔𝒔

𝟎𝟎X EPJC 80, 935 (2020)
Production

𝜦𝜦𝒄𝒄+𝜦𝜦𝒄𝒄− cross section PRL 120,132001(2018)

2014 one month data taking：0.6 fb-1 at 4.6 GeV

Double tag method
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Nucleon (and baryon) Form Factor

Fundamental properties of the nucleon
 Connected to charge, magnetization distribution
 Crucial testing ground for models of the nucleon internal structure
 Necessary input for experiments probing nuclear structure, or trying to 

understand modification of nucleon structure in nuclear medium
 Can be measured from space-like processes (eN) (precision 1%)

or time-like process (e+e- annihilation) (precision 10%-30%)

, Λ Λ, Λc Λc

Space-like:
FF real Time-like:

FF complex

eN eN
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Unpolarized part 

Polarized part 

Entangled part 

Search for CPV in hyperon decays

Polarization of the hyperon:

CP asymmetry: 
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420K selected J/ψ ΛΛ in 1.3B J/ψ events.
First observation of Λ polarization in J/ψ decays!

Highest sensitivity test of CPV in baryon decays!
Nature Physics 15, 631 (2019)

Only 
measurement 
used in PDG 

2019

2% level 
sensitivity for 

CPV test

Polarization of Λ hyperon and CPV in Λpπ
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Update of  𝐉𝐉/𝛙𝛙 → 𝚲𝚲𝚲𝚲 results (10 billion J/ψ) 

10 billion 𝐽𝐽/𝜓𝜓 Paras. This Work (10 billion 𝑱𝑱/𝝍𝝍) Previous Results (1.3 billion 𝑱𝑱/𝝍𝝍)

𝜶𝜶𝑱𝑱/𝝍𝝍 𝟎𝟎.𝟐𝟐𝟗𝟗𝟐𝟐𝟏𝟏 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟐𝟐𝟐𝟐 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟐𝟐𝟐𝟐 𝟎𝟎.𝟐𝟐𝟏𝟏𝟎𝟎 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟏𝟏 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟗𝟗

𝚫𝚫𝚫𝚫 𝟎𝟎.𝟗𝟗𝟓𝟓𝟐𝟐𝟎𝟎 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟐𝟐𝟐𝟐 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟏𝟏𝟎𝟎 𝟎𝟎.𝟗𝟗𝟐𝟐𝟎𝟎 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟐𝟐

𝜶𝜶− 𝟎𝟎.𝟗𝟗𝟓𝟓𝟎𝟎𝟐𝟐 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟗𝟗𝟏𝟏 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟐𝟐 𝟎𝟎.𝟗𝟗𝟓𝟓𝟎𝟎 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟐𝟐 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟐𝟐

𝜶𝜶+ −𝟎𝟎.𝟗𝟗𝟓𝟓𝟓𝟓𝟐𝟐 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟗𝟗𝟏𝟏 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟐𝟐𝟐𝟐 −𝟎𝟎.𝟗𝟗𝟓𝟓𝟏𝟏 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟗𝟗

𝑨𝑨𝑷𝑷𝑷𝑷 −𝟎𝟎.𝟎𝟎𝟎𝟎𝟐𝟐𝟓𝟓 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟐𝟐𝟏𝟏 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 −𝟎𝟎.𝟎𝟎𝟎𝟎𝟏𝟏 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟐𝟐 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟗𝟗

𝜶𝜶𝒅𝒅𝒂𝒂𝒂𝒂 𝟎𝟎.𝟗𝟗𝟓𝟓𝟐𝟐𝟐𝟐 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟐𝟐𝟎𝟎 −−−

arXiv:2204.11058, PRL 

The most precise CPV measurements in baryon sector !
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CPV in Ξ−Λπ decay from 𝐉𝐉/𝛙𝛙 → 𝚵𝚵−�𝚵𝚵+
Based on 1.3 B 𝑱𝑱/𝝍𝝍 events (13% of total 𝑱𝑱/𝝍𝝍 events), 9-dimentional fit: 

The first measurement of baryon 
weak phase difference 

Nature 606, 64 (2022)

73k event candidates
Negligible background

BESIII obtains the same precision for
𝜙𝜙 as HyperCP with a three orders 

of magnitude smaller data sample! 

HyperCP:  𝝓𝝓𝚵𝚵,𝑯𝑯𝒅𝒅𝒑𝒑𝒅𝒅𝒓𝒓𝑷𝑷𝑷𝑷 = −𝟎𝟎.𝟎𝟎𝟐𝟐𝟐𝟐 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎

BESIII: <𝝓𝝓𝚵𝚵> =   𝟎𝟎.𝟎𝟎𝟎𝟎𝟏𝟏 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟐𝟐 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟗𝟗
HyperCP: PRL 93(2004) 011802 
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International review of BESIII White Paper in 2019
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M. Ablikim et al., CPC 44, 040001 (2020)

• Still a rich program ahead
• Machine upgrade is necessary

BESIII will run for another 10 years
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• 起点：2018 年 BEPCII 运行年会

• 2019 年 4 月，高能所战略研讨会报告

• 2019 年 9 月，院大装置年会与院有关领导初步沟通

• 2019 年 10 月，提交科教基础设施项目编制提纲

• 2020 年 5 月，加速器内部方案讨论会

• 2020 年 7 月，高能所战略研讨会报告

• 2020 年 9 月，项目建议书

• 2021 年 4 月，高能所内部专题讨论

• 2021 年 6 月，提交升级申请

• 2021 年 7 月，获批正式启动升级项目

• 2024年7-12月，加速器升级

投入适量经费，确保 BEPCII 高效的物理成果产出及竞争力
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整体方案概述

漫散射

XAFS

衍射

光电子能谱

4B9A

3B1A

3W1A

荧光分析

高压

LIGA

1W1B

生物大分子

生物大分子

1W2

1W1
4w1

4B9

4W
2

3B1

4W1B
4W1A

4B9B

X-射线成像

BEPCII

小角散射

光刻

3W1
软

X射
线

中
能
束
线

4B8

4B7

VUV

1W
1A

1W
2B

IV

III II

I

软X射线

BSRF取消专用光运行，全部采用兼用光运行

×××

××
××

降低光子吸收器难度

HEPS束线可覆盖

利于亮度提升的设计

利于束流本底的控制

BESIII取数时间增加

兼用光性能优质

储存环布局仅高频区进行小变动，
拉长直线节，单环单腔变为单环双腔工程风险很小

×

×

96






漫散射

XAFS

衍射

光电子能谱

4B9A

3B1A

3W1A

 荧光分析

高压

LIGA

1W1B

生物大分子

生物大分子





1W2

1W1

4w1

4B9

4W2

3B1

4W1B

4W1A

4B9B

X-射线成像

BEPCII

小角散射

光刻

3W1

1W1A

1W2B

IV

III

II

I

软X射线



软X射线



中能束线

4B8

4B7



VUV









升级目标
• @ 2.35GeV亮度× 3

• 最高束流能量 2.47 GeV 2.80 GeV

BEPCII 升级后

亮度 [1032cm−2s−1] 

@2.35GeV
3.5 11

𝛽𝛽𝑦𝑦∗ [cm] 1.5 1.35

流强 [mA] 400 900

SR Power [kW] 110 250

𝜉𝜉𝑦𝑦,lum 0.029 0.033

发射度 [nmrad] 147 152

耦合度 [%] 0.53 0.35

Bucket Height 0.0069 0.011

𝜎𝜎𝑧𝑧,0 [cm] 1.54 1.07

𝜎𝜎𝑧𝑧 [cm] 1.69 1.22

腔压 1.6 MV 3.3 MV
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Cross sections above open charm threshold 

Tatyana Kharlamova for the KEDR collaboration, QWG workshop, 15-19 May 2021

几乎没有数据，有很大发现潜力

Excited ψ and Y states will 
show directly in e+e-

annihilation cross sections.
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A good data taking strategy is crucial

ISR effective luminosity 
@ 10.58 GeV
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STCF in China （国内大学主导）

• CM Energy : 2-7 GeV 
• Peaking ℒ : >5×1034 cm-2 s-1

• Potential to further improve the 
ℒpeak and realize polarized beam

• Double storage ring：~800 m，
injection： ~ 300m

• BESIII-Like detector 
• Cost 4.5B RMB 101



Project progress and plan

2015
Xiangshan

Science 
Conference

2018
USTC double first-
class key projects

Key 
technology 

R&D

2011
First proposed

2021
Conceptual 

design report

Workshop for 
acc. based high 
energy physics 
development 
strategy

2011/12 Sanya

Several domestic and 
international workshop

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031-40 2041-43
CDR
TDR

Construction
Commissioning/physics 

Upgrade
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Accelerator Conceptual Design

Linac Injector:
• No booster, full energy injection (1-3.5 GeV)

• Possible polarized e- beam

Interaction region : 
• Large Piwinski-Angle Collision + Crab Waist
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Detector Conceptual Design

Inner Track
• Monolithic active Pixel sensor
• Low mass 𝜇𝜇RWELL MPGD

Outer Track
• Main Drift Chamber (MDC)
• Ultra-low mass

Particle Identification
• MPGD-based RICH (barrel)
• High-precision timing DIRC (Endcap)

EM Calorimeter
• pCsI crystal based : fast
• High energy and timing resolution

Muon detector
• RPC-plastic scintillator mixture
• High neutral hadron ID efficiency

Micro/Fast Readout Electronics
High capability of Trigger, DAQ, Storage

Solenoid  1T
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Physics Highlights

• QCD and Hadronic Physics

• Exotic states  and hadron spectroscopy

• Hadron structures

• Precision test of SM parameters

• Flavor Physics and CP violation

• CKM matrix, 𝑫𝑫𝟎𝟎 − �𝑫𝑫𝟎𝟎 mixing

• CP violation in lepton, hyperon, charm

• New Physics Search

• Rare/Forbidden

• Universality test 

• Dark particle search 
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Ivan Logashenko (BINP) 
PhiPsi2022
Aug. 15-19, 2022

Sarov, Russia
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Sarov, Russia
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Ivan Logashenko (BINP) 
PhiPsi2022
Aug. 15-19, 2022

Sarov, Russia

109



报告提纲

• BESBESIIBESIII上的相关研究

• 未来

– BEPCII升级

– 超级陶粲工厂

– 超级J/ψ工厂

• 总结

110



建造“超级J/ψ工厂”，做固定靶实验

Paper title:  

① Cornucopia of antineutrons and hyperons

② from a super J/ψ factory 

③ for next-generation nuclear and particle physics

④ high-precision experiments

• C. Z. Yuan & M. Karliner, PRL 127, 012003 (2021) [arXiv:2103.06658]
“Editors’ suggestion” & “Featured in Physics”

• 宋维民、苑长征，物理 51，255 (2022)：超级J/ψ工厂里的“子弹” 111



Sources of Λ & other hyperons
• Bubble chamber experiments with hyperons from K-+target
• Emulsion experiments with K-+target  K++X, K++K++X, …
• A few to about 104 events (typical O(100) tagged events)
• No anti-hyperon sources!

SLAC HBC, Nuclear Physics B125 (1977) 29-51KEK, K- + SCIFI Ξ- X 112



Do fixed target experiments @ a super J/ψ factory

113



Do fixed target experiments @ a super J/ψ factory
• Super J/ψ factory 

• e+e- annihilation @ 3.097 GeV
• O(1012) or more J/ψ events/year

• J/ψ decays into final states with nucleons or 
hyperons and their antiparticles

• Branching Fraction ~ 10-3

• Tag efficiency ~ (10-50)%
• High quality sources of (anti-)nucleon and 

long lived (anti-)hyperons
• O(108) tagged source particles per year
• Well known momentum and direction

• Use variety of custom removable targets
• State of the art detector
• No need to share beam time
• NN,NN, YN,YN, hypernuclei, neutron star, …
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Proof of concept: BESIII experiment
The BESIII J/ψ data sample has been collected already, the detector material close 
to the interaction point in the inner detector serves as an effective target.
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Hyperons and anti-hyperons at BESIII experiment

The Ω hyperons are produced from 3 billion ψ(2S) event sample.
All these particles can also be produced in decays of other charmonia.

reference
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Observation of Ξ0+nΞ−+p at BESIII experiment

BESIII: PRL 130, 251902 (2023)

7.1σ
22.9±5.5 evts

From 1010

J/ψ events
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A super J/ψ factory with 1012 J/ψ events per year

 Design luminosity = O(100) × L   @BESIII ~ 1035 cm-2s-1

 Existing proposals: STCF (China), SCT (Novosibirsk)

 Detector improvements vs. BESIII: tracking, PID, γ detection

 (1-3)×1012 J/ψ events/year = 100 × BESIII sample

 Further improvements to expand range of physics topics

 Reduce the diameter of the beam pipe

 Interchangeable custom targets inside the detector

 Subdetector for specific final states, e.g. deuteron, triton, …
118



Baryons and anti-baryons at super J/ψ factory

1012 J/ψ or ψ(2S) events per year, target at 1 cm or 2 cm. 119



A hyper J/ψ factory with 1014 J/ψ events?

Energy spread 
(MeV)

Cross section 
(nb)

1 3,100
0.5 5,700
0.1 20,000

0.05 29,000
0.01 42,000

Two ways of improving J/ψ
production rate:
1. Increase luminosity
2. Reduce energy spread

ΓJ/ψ=93 keV=0.093 MeV

Numbers & plot from Yuping Guo120



A new scheme of monochromatization?
V. I. Telnov, 2008.13668v3
Monochromatization of e+e− colliders with a large crossing angle 

Existing monochromatization scheme 
for head-on collisions will reduce 
luminosity significantly

New scheme: Provide the beams with an angular 
dispersion such that a beam particle arrives to the IP 
with a horizontal angle that depends on its energy.

σW=10-15 keV @ J/ψ peak
and J/ψ is moving!

θc  ≥ 17°~30°
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Potential physics studies
• antinucleon-nucleon interaction
• OZI violation
• nonvalencess components of the nucleon
• (anti)hyperon-nucleon interaction
• (multi-strange) hypernuclei
• light hadron spectroscopy, including exotics and many others 
• cross sections of antineutrons with material for the calibration of

Monte Carlo simulation codes for particle physics and medical 
applications, such as FLUKA and GEANT4

• Hyperon puzzle and size of neutron stars
• Maybe more topics from nuclear physics community
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Size of neutron stars & hyperon puzzle
For a review, see Chatterjee & Vidana, Eur. Phys. J. A (2016) 52: 29

These can be studied @ super J/ψ factory with hyperons ! 123



Potential physics with direct J/ψ decays 

A. Bondar et al., JHEP 2020 (2020) 76 X. G. He et al., arXiv:2209.04377

(%) (%)1. Precision measurement of Weinberg angle
2. CPV in hyperon decays
3. New physics searches with 1012~14 J/ψ events
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或许我们该建造一个超级J/ψ工厂
• Super (or hyper) J/ψ factory 

• e+e- annihilation @ 3.097 GeV; O(1012-14) J/ψ events/year

• State of the art detector
• Variety of custom removable targets
• High quality sources of long lived (anti-)hyperons 

and �𝑛𝑛 for many different kinds of experiments
• Same software, similar systematic effects
• No need to share beam time
• No need for additional resources, additional 

infrastructure, minimal further investments
• Physics highlights

① NN,NN, YN,YN, hypernuclei, neutron star, …
② Precision measurement of Weinberg angle
③ Search for new CPV source in hyperon decays125



总 结Poster in BESIII control room:

1. 期待BESIII/BEPCII作出更大的科学贡献；
2. 陶粲能区物理还有很大的发掘空间；
3. 超级J/ψ工厂可能开拓超子相关粒子物理与核物理探索的新方向。 126



谢谢！

127



感谢会议组织者的邀请！

随着年龄变化，我逐渐理解哈代的感受!

G. H. 哈代，《一个数学家的辩白》，1940年
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