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• History of Charm Quark

Charm China element 中国元素



History of Charm Quark in Theory

In 1956, Sakata model: 

Lepton-Baryon symmetry In 1959 and 1962, Marshak: Kiev symmetry 

In 1962, Sakata et al (Nagoya); Katayama et al (Tokyo): 

In 1964, Bjorken & Glashow: Proposed a 4th quark and invented the name “Charm” 

In 1970, Glashow, Iliopoulos and Maiani (GIM): GIM mechanism
B.J. Bjorken and S. Glashow, Phys. Lett. 11 (1964) 255.

S. Glashow, Iliopoulos and Maiani, Phys. Rev. D2 (1970) 1285.

︸0

R. Marshak, rapporteur talk at 9th International Conference on High Energy Physics, Kiev, Ukraine, 1959.
R. Marshak, rapporteur talk at 11th International Conference on High Energy Physics, CERN, July 1962.
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History of Charm Quark in Experiment



J



The 1974 November Revolution of HEP: Discovery of a new QUARK — Charm (c) 

At the East coast of US: Received by PRL on Nov. 12, 1974

Brookhaven (Proton Synchrotron)

At the West coast of US: Received by PRL on Nov. 13, 1974
SLAC (e+e- collider)

J

𝝍

丁肇中

B. Richter

J/𝝍 = cc

Nobel Physics Prize 1976

苏联⼗⽉⾰命（November 1917) 1974年11月11日
45年前

Nov. 10, 1974
Nov. 11, 1974 

Ting and Richter         
met at SLAC

丁與Sau-Lan Wu通話定稿



L.Lederman

Ooops! — Leon! (find beauty)

1977: Repeat of J/Ψ at 9.5 GeV
Oops! — Leon! (miss charm)

𝚼: Upsilon
Bottom quark: b

錯失粲，找到美?錯失媚，找到美！



A pair of naked charm particles was discovered in 1971
in a cosmic-ray interaction, three years prior to the discovery 

of the hidden charm particle, J/Ψ, in western countries.

日本学者



China element 中国元素Charm

Charm Quark  媚夸克 ?

中国大陆 港澳台

媚

“ 王竹溪1951年任中国物理学会物理学名词委员会副主任，
数年后改任主任，一直到他去世。粲夸克先译为魅夸克，虽然
意思差不多，但终究不够贴切。英文charm既有魔力和娇媚之
意，又可作美好解。魅字只含前两种意思，不能释作美好，而
且由于是常用字，容易引起误解。后来王竹溪建议改用稀见字
粲，取《诗经·唐风·绸缪》“今夕何夕，见此粲者”句中“粲”字
为美物之意，既表达了charm的原意，又与charm谐音。”

为什么不能用常用字？
有多少14亿中国人以及全世界的华人会写粲的？
有100万吗？只要是懂英文的，都会写 charm 。
与up上，down下，strange奇的取名不配！



Charm

丁

不
忘
初
心

牢
记
使
命

Charm Quark  丁夸克

Charm Quark  丁夸克初心：charm的來源，真正意思

使命：体现真正意思，普及大众，有故事；而不是咬文嚼字让
一般大众无法认识它的含义，甚至读写。``丁”即可以跟
中国姓相关，也可以认为是第四个夸克，且人人可读写。

甲丁
⼄丙



BESIII at the Beijing Electron Positron Collider (BEPCII)

A uniquely clean background 
to study Charm Baryons

Recent experimental developments in charmed baryons:
Talk: 吕晓睿

• Recent Progresses in Charmed Baryon Decays



Many newly measured  
charmed baryon decays.

Phys. Rev. D100, 072004 (2019).



BELLE at the KEK-B factory 

Phys. Rev. D100, 031101 (2019).

Talk: 沈成平

中国团队



LHCb discoveries pentaquark-like charm baryons Pc (uudcc)             
and the doubly-charmed baryon 𝜩cc by the Chinese group (中国团队）++

Pc (4380) Pc (4450) 

(2015)

Pc (4440), Pc (4457)

(2019)

+ +

+ +

Pc (4312) +

LHCb is a charm factory 
and has the world’s largest 

sample of charm decays

+

Talk:谢跃红



R. Aaij et al. [LHCb Collaboration], Phys. Rev. D100, 032001 (2019).



Extensive recent theoretical studies on weak decays 
of charmed baryons (cross-strait 海峽兩岸):

H.Y. Cheng et al in 1990s and recently:

H.Y. Cheng, X.W. Kang and F.R.Xu, ``Singly Cabibbo-suppressed hadronic decays of  Λc+,’' Phys. Rev. D97, 074028 (2018)

H.Y. Cheng,``Charmed Baryons Circa 2015,’' arXiv:1508.07233 [hep-ph]

C.D. Lu, W.Wang, F.S.Yu….. Y.K.Hsiao….
C.D. Lü, W. Wang and F.S. Yu,``Test flavor SU(3) symmetry in exclusive Λc decays,’' Phys. Rev. D93, 056008 (2016)

D. Wang, P.F. Guo, W.H. Long and F.S. Yu, ``KS0−KL0 asymmetries and CP violation in charmed baryon decays ….,’’ JHEP 1803, 066 (2018) 

W. Wang, Z.P. Xing and J. Xu,``Weak Decays of Doubly Heavy Baryons: SU(3) Analysis,’' Eur. Phys. J. C77, 800 (2017)

Z.X. Zhao,``Weak decays of heavy baryons in the light-front approach,’' Chin. Phys. C42, 093101 (2018)

… … … … …

X.Q.Li et al, X.H.Guo et al :

R.H. Li, C.D. Lü, W. Wang, F.S. Yu, Z.T. Zhou, ``Doubly-heavy baryon weak decays:…..,’’ Phys. Lett. B767, 232 (2017)

F.S.Yu, H.Y.Jiang, R.H.Li, C.D.Lü, W.Wang and Z.X.Zhao, ``Discovery Potentials of Doubly Charmed Baryons,’' Chin. Phys. C42, 051001 (2018)

C.P.Jia, D.Wang and F.S.Yu, ``Charmed baryon decays in SU(3)F symmetry,’' arXiv:1910.00876 [hep-ph].

Y.K.Hsiao, Y.Yao and H.J.Zhao,``Two-body charmed baryon decays involving vector meson with SU(3)F flavor symmetry,'' Phys. Lett. B792, 35 (2019)

H.J.Zhao, Y.K.Hsiao and Y.Yao,``A diagrammatic analysis of two-body charmed baryon decays with flavor symmetry,'' arXiv:1811.07265 [hep-ph].

J.Zou, F.R.Xu,G.Meng, H.Y. Cheng, ``Two-body hadronic weak decays of antitriplet charmed baryons,’’ 1910.13626

Talk: 徐繁荣



• C.Q. Geng, Y.K. Hsiao, Y.H. Lin and L.L. Liu, ``Non-leptonic two-body 
weak decays of Λc(2286),''  Phys. Lett. B776, 265 (2017).

• C.Q. Geng, Y.K. Hsiao, C.W. Liu and T.H. Tsai, “Charmed baryon weak 
decays with SU(3) flavor symmetry,” JHEP 1711, 147 (2017).

• C.Q. Geng, Y.K. Hsiao, C.W. Liu and T.H. Tsai, “Anti-triplet charmed baryon 
decays with SU(3) flavor symmetry,” Phys. Rev. D97, 073006 (2018).

• C.Q. Geng, Y.K. Hsiao, C.W. Liu and T.H. Tsai, “SU(3) symmetry breaking 
in charmed baryon decays,”  Eur. Phys. J. C78, 593 (2018).

• C.Q. Geng, Y.K. Hsiao, C.W. Liu and T.H. Tsai, “Three-body charmed baryon 
decays with SU(3) flavor symmetry,” Phys. Rev. D99, 073003 (2019).

Studies of charmed baryons with SU(3)F flavor symmetry 

• C.Q. Geng, C.W. Liu and T.H. Tsai, “Singly Cabibbo suppressed decays of 𝚲c
with SU(3) Flavor Symmetry,” Phys. Lett. B790, 225 (2019).

• C.Q. Geng, C.W. Liu and T.H. Tsai, “Asymmetries of anti-triplet charmed 
baryon decays,” Phys. Lett. B794, 19 (2019).

• C.Q. Geng, C.W. Liu and T.H. Tsai, “Semileptonic  Decays of Anti-triplet 
Charmed Baryons,” Phys. Lett. B792, 214 (2019). 

• C.Q. Geng,  C.W. Liu, T.H. Tsai and Y. Yu, “Charmed baryon weak decays with 
decuplet baryon and SU(3) flavor symmetry,” Phys. Rev. D99, 114022 (2019).

• J.Y. Cen, C.Q. Geng, C.W. Liu and T.H. Tsai, “Up-down asymmetries in 
charmed baryon three-body decays,” Eur. Phys. J. C79, 946 (2019).



SU(3)F

Flavor 
Symmetry

SU(3)C × SU(3)L × SU(3)R ×U(1)B

q

q

3 3 1

3 1

1/3

-1/33

QCD SU(3)C × SU(3)F=L+R ×U(1)B

3 3

3

1/3
-1/33

SU(3)F : 
SU(3)C : 3⊗3⊗3=10S⊕8Ms⊕8MA⊕1A

3⊗3⊗3=10S⊕8Ms⊕8MA⊕1A

SU(2)spin : 2⊗2⊗2=4S⊕2Ms⊕2MALight physical allowed baryon states (q=u,d,s)

(SU(3)C, SU(3)F, SU(2)spin)
(1, 8, 2) (1, 10, 4)

Totally antisymmetric states

Three light quarks
q=u,d,s

Space: L=0   Symmetric

spin=1/2 spin=3/2
Antisymmetric Symmetric Octet Decuplet

•Charmed Baryon with SU(3)F Flavor Symmetry



SU(4)F : 4⊗4⊗4=20S⊕20Ms⊕20MA⊕4AFour quarks: q=u,d,s,c

SU(3)C : 3⊗3⊗3=10S⊕8Ms⊕8MA⊕1A

SU(2)spin : 2⊗2⊗2=4S⊕2Ms⊕2MA (SU(3)C, SU(4)F, SU(2)spin)
Space: L=0   Symmetric

Antisymmetric Symmetric

(1, 20, 2)
spin=1/2

(1, 20, 4)
spin=3/2

Mixed-symmetric Totally-symmetric



anti-triplet (3)
sextet (6)

Charmed Baryons 
(JP=1/2+) with SU(3)F

SU(3)F : 3

SU(3)F: 3⊗3=3⊕6

SU(3)F : 8

20-plet of SU(4)F with 8⊕3⊕6⊕3 of SU(3)F spin=1/2

2286 MeV

2470 MeV 2468 MeV



Effective Hamiltonians for charmed baryon decays with SU(3)F

The effective Hamiltonian for the semileptonic c → q l+ νl transition with q=(d or s):

For the non-leptonic c → s u d, c → u q q and c → u d s transitions,

Cabibbo-allowed Cabibbo-suppressed doubly Cabibbo-suppressed



SU(3)F:

The Hamiltonian without QCD corrections:

The first order QCD corrections:

Summing up all orders:



Semileptonic decays of charmed baryons 

Under SU(3)F flavor symmetry:

C.Q. Geng, C.W. Liu and T.H. Tsai, “Semileptonic Decays of 
Anti-triplet Charmed Baryons,” Phys. Lett. B792, 214 (2019). 
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• Updated Results of Charmed Baryon Decays with SU(3)F



C.Q. Geng, C.W. Liu and T.H. Tsai, “Semileptonic Decays of 
Anti-triplet Charmed Baryons,” Phys. Lett. B792, 214 (2019).
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Decay rate:

Differential decay rate:

Up-down asymmetry:

Note that A and B are relatively real if CP is conserved and FSIs are negligible.

Two-body nonleptonic decays of charmed baryons 



Assumption

Two reasons:
1. (c-/c+)2 ~ 5.5;
2. is symmetric, whereas the baryon wave function 

is totally antisymmetric in color indices.

Vanishing nonfactorizable contributions

What is about the factorizable parts of H(15)? C.Q. Geng, C.W. Liu and T.H. Tsai, 
Phys. Lett. B790, 225 (2019).



18 data points above to fit with 10 real parameters:

C.Q. Geng, C.W. Liu and T.H. Tsai, “Asymmetries of anti-triplet 
charmed baryon decays,” Phys. Lett. B794, 19 (2019).
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103 Bdm      αdm

13.0             -0.93

10.6             -0.75

22.4             -0.76

22.4             -0.76

7.4               -0.95

—

7.3              +0.90
0.13             -0.97

1.28             -0.55

1.07             -0.96

0.72             -0.73

64.7             -0.95

17.2             -0.78

6.7               -0.86
Zou-Xu-Meng- Cheng 
arXiv:1910.13626

Talk: 徐繁荣



Cabibbo Allowed
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Cabibbo Allowed

-0.80±0.11

-0.73±0.18

-0.57±0.12

BESIII Collaboration, (arXiv:1905.04707)
Phys. Rev. D100, 072004 (2019).updated result

0.18±0.45
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Zou, Xu, Meng, HY Cheng, arXiv:1910.13626 (2019)
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HY Cheng et al, 
arXiv:1910.13626



Cabibbo Suppressed
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Cabibbo Suppressed：Up-down Asymmetries

U

P

D

A

T

E

D

-0.97

-0.55

—

-0.73

-0.96

-0.73

-0.73

Zou-Xu-Meng- Cheng 

arXiv:1910.13626



Doubly Cabibbo Suppressed
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Three-body nonleptonic decays of charmed baryons 

Remarks:

1. Consider only the S-wave (L=0) contributions from MM’ in the amplitudes. 

2. Neglect the contributions from H(15).

3. Take the data with only the non-resonant parts.

Under SU(3)F flavor symmetry:

J.Y. Cen, C.Q. Geng, C.W. Liu and T.H. Tsai, “Up-down 
asymmetries in charmed baryon three-body decays,” 
Eur. Phys. J. C79, 946 (2019).



16 data points above to fit with 12 real parameters:





♦ Rich physics for Charmed Baryons at BESIII, LHCb, BELLE(II) ……

♥ We have studied the weak decays of charmed baryons
based on SU(3)F flavor symmetry.

More theoretical and experimental studies are needed. 
☞

• Summary

丁

Charm Quark 丁夸克

Charmed Baryon
丁重子

Super 𝜏-Charm Factory
超级𝜏-粲⼯厂

Super 𝜏-Charm Factory
超级𝜏-丁⼯厂

甲丁
⼄丙



感謝！


