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• Introduction  

• Physics program @ BESIII  

– modern exotic mesons (XYZ) @ BESIII  

– Charm physics,  Lc, light hadron X(1835) 

• UH contribution:   

– t – mass 

– old-fashion exotic mesons p1(1400), p1(1600) …  

• BESIII future … and beyond  
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Outline 
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Story of Stuff (SM) 
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Ordinary QCD 

Standard hadrons 

All ‘ordinary’ hadrons are made of 2 or 3 quarks!  

More precisely (QM): 𝒒𝒒   or qqq   
 

What we observe: 

• nucleons →  p = uud n = udd 

• light mesons →  p+ = 𝒖𝒅   p- = 𝒖 𝒅 

• charm meson → D+ = 𝒄𝒅    D- = 𝒄 𝒅 

• charmonium →  J/y = 𝒄𝒄    
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Extraordinary QCD 

QCD allowed but unusual == exotic: 
  

 multi-quark states  

 

 glueballs  

 

 hybrids … 

 

 any meson with JPC = 0- -, 0- +, 1- +, 2+ - … 

  
 

We learn from hadron spectroscopy!  
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Heavy Flavor QCD: exotics popping out!   

   

Z(4430) 
Pc 

Why do we care?  

N. Brambilla, et. al.: …. understanding QCD background 

was instrumental to the Higgs discovery …!  

Z(3900) 
X(3872) 

Understanding QCD excitations in low-energy region might be 

instrumental  for discovering NP in precision frontier?    
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Zc(4430) in By’p+(-)K  

   

PRL 100, 142001 (2008)  

Z(4430)+ 

Belle 2008 

Rapid phase transition at 
the peak of the amplitude:     

points to resonance! 
 

PRL 112, 222002 (2014)  

Z(4430)- 
 

 

JP = 1+  
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Pentaquark @ LHCb 

PRL 115 (2015) 072001 

Two Pc, one exhibits 
phase transition 
consistent  with 

resonance! 
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Experiments  
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BESIII Collaboration  
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Beijing Electron Positron Collider II 

BEMS BESIII Linac 
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BEPCII 

BEMS 
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BESIII detector 
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Energy range @ BEPCII 

Transition between perturbative and non-perturbative QCD 

Resonance rich: charmonia and charmed mesons 

Interesting thresholds: tt, DD, D*D*, LcLc …  

Multi-quark states found, possible gluonic excitations…  
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Data collected by BESIII 

World largest: J/y, y(2S), y(3770),  Y(4260) … 

from direct e+e- collisions!  
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BESIII: “t-charm” factory     

  X(3780), Y(4260), 
Z(3900), Lc …  

  X(1835), X(2120) 
X(2370), Y(2175), Zs?, 
p1(1600), f0(980)-
a0(980)… 

 matrix elements for h,h’ 

 

 fD, fDs, EM FFs nucleon, 
hyperon, pion FF  … 

 

 precision t-mass  

  y(2S) → tt …  
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BESIII: “t-charm” factory     
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  y(2S) → tt …  
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What do we see in the detector ?     

e+e- →  J/y → m+m-  e+e- → J/y → e+e-  

Signal  

purity   

90% 

 



   Charged charmonium-like structure: e +e -→ p  (p± J/y)   

       manifestly exotic:  
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Zc(3900) → p± J/y   

  

  couples to 𝒄𝒄     

  has charge     

  at least 4 quarks  

  what is it ?    
  

PRL 110, 252001 (2013)  
± 

M: (3899.0 ± 3.6 ± 4.9) MeV/c2 

 G: (46 ± 10 ± 20) MeV 

 R: (21.5 ± 3.3 ± 7.8)% 

Significance > 8 s 
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The first Zc confirmed   

by data from three experiments!  



  

Kornicer 18 May 2015 :: CHARM 2015 21 

 Neutral partner! 

Studying  e + e -→ p0p0 J/y   at different 𝒔   

NWU: CLEOc data @ 4.17 GeV Isospin triplet established!  

P
LB

 7
2

7
, 3

6
6

 

M: (3894.8 ± 2.3 ± 2.7) MeV/c2 

 G: (29.6 ± 8.2 ± 8.2) MeV 

 Significance = 10s 



𝒔 = 𝟒. 𝟐𝟔 𝑮𝒆𝑽 

Single D-tag: reconstruct p+ and D0 →K-p+ and 

require that missing mass is consistent with D*;   

(do the same for  p+D-D*0 ) 
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Zc(3900): close to D*D threshold 

PRL 112, 022001 (2014)  

e + e- → p+ D0 D*- + c.c.  

 K-p+   

e + e- → p+ D- D*0 + c.c.  

 K-p+ p+   

Mass [MeV/c2]:  
3883.9±1.5±4.2   

Width [MeV]: 
 24.9±3.3±11.0   

Enhancement in both 𝑫𝑫∗ modes, labeled Zc(3883)  



Reconstruct p+ and D0, D-, in 4 or 6 decay modes, 

plus require p in missing D* mass: 
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Zc(3883): double tag D*D analysis  

Mass [MeV/c2]: 

3884.3±1.2±1.5 

 Width [MeV]: 

23.8±2.1±2.6 

Compatible with 

single D-tag result, 

but much more 

precise! 

PRD accepted 

Angular analysis: 

 JPC = 1+ 

  from ST & DT! 
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e + e- → p+p- w  @ 4.23-4.26 GeV 

No significant Zc(3900)→pw signal! 

G(Zc(3900)→pw) < 0.2 % Gtot(Zc(3900))   

 

w→ p+p-p0  
 

Indicates that 𝑐𝑐  
annihilation  

is suppressed!  

PRD 92, 032009 (2015) 
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e + e- → pp hc(1P) 

hc → g hc; hc in 16 decay channels  

@ 13 different energies! 

  
p±hc  structure observed: Zc(4020) 

M = 4022.9±0.8±2.7 MeV/c2  

G = 7.9±2.7±2.6 MeV  

e-e+ → p0p0 hc(1P): 

M = 4023.9 ± 2.2 ± 3.8 MeV/c2  

G – fixed  

 Another isospin triplet   

established!   

PRL 111, 242001 (2013)  

PRL 113, 212002 (2014)  



Tag a D* and `bachelor` p- :  

look for recoil mass against p-  

after reconstructing p0 to suppress  

the background. 
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Zc(4020) close to D*D* threshold 
PRL 112, 132001 (2014)  

e + e- → p- (𝑫∗𝑫∗)+ + c.c. at 𝒔 = 𝟒. 𝟐𝟔 𝑮𝒆𝑽 
 

If Zc(4020) and Zc(4025) are the same, coupling to 𝐷∗𝐷∗ much stronger  

compared to p hc:  

𝑫∗𝑫∗ structure observed Zc(4025): 

M = 4026.3 ± 2.6 ± 3.7 MeV/c2  

G = 24.8 ± 5.6 ± 7.7 MeV  



Tag a D* and `bachelor` p- :  

look for recoil mass against p-  

after reconstructing p0 to suppress  

the background. 
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Zc(4020) close to D*D* threshold 
PRL 112, 132001 (2014)  

e + e- → p- (𝑫∗𝑫∗)+ + c.c. at 𝒔 = 𝟒. 𝟐𝟔 𝑮𝒆𝑽 
 

If Zc(4020) and Zc(4025) are the same, coupling to 𝐷∗𝐷∗ much stronger  

compared to p hc:  

𝑫∗𝑫∗ structure observed Zc(4025): 

M = 4026.3 ± 2.6 ± 3.7 MeV/c2  

G = 24.8 ± 5.6 ± 7.7 MeV  

Neutral partner:      arXive: 1507.02404 
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  What we know so far! 

e+ e- → p0 (𝐷∗𝐷∗)0  

e+ e- → p - 𝜋+𝐽/𝜓 e+ e- → p 0 𝜋0𝐽/𝜓 e+ e- → p 0 𝜋0ℎ𝑐 e+ e- → p - 𝜋+ℎ𝑐 

e+ e- → p- (𝐷𝐷∗)+  e+ e- → p- (𝐷∗𝐷∗)+  e+ e- → p0 (𝐷𝐷∗)0  
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       X(3872) @ BESIII  

Strong evidence for  

X(3872) → pp J/y 

M = 3871.9 ± 0.7 ± 0.2 MeV/c2  
  

Suggestive of   

Y(4260) → g X(3872) 

 New mode of production of X(3872) and Y(4260) decay?   

PRL 112, 092001 (2014)  



Cross section measurements  
completed or ongoing  

(not a comprehensive list):   

 e-e+ → wc0
    

  no wc1 or wc2  

 e-e+ → hJ/y  & h’J/y 

 e-e+ → hp0J/y  

 e-e+ → gfJ/y  

 e-e+ → gccJ 

   …  
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XYZ @ BESIII 
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What is the nature of multi-q objects? 

? 

? 
? 

“Modern Exotic Hadrons” INT workshop starts in a couple of  weeks!  

E. Swanson: HADRON 2015 
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LH charmonium decays - hunting ground 

for light glueballs and hybrids 
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Light-hadrons: X(???) JP=?? 

This just an example, a lot of important analyses ongoing …  

X(1835), X(2120), X(2370) 
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Charm physics @ BESIII 
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Improved form factor f+ →DK(p)(0) @ BESIII 
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Improved |Vcs(d)|  @ BESIII 
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Lc @ BESIII 

Λ+𝑐 → Λ𝑒+𝜈𝑒 is c→ sln dominated, provides important info for: 

• testing theoretical predictions for B(Λ+𝑐 → Λ𝑒+𝜈𝑒)  

• LQCD calibration  

• additional information for determining CKM elements  
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Lc @ BESIII 

Single Tag (ST)  
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Lc @ BESIII 

Single Tag (ST)  Double Tag (DT)  
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Lc @ BESIII 
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Dark photon & light Higgs 

Dark photon exclusion @ BESIII 
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What else can we do @ BESIII? 

UH contribution! 

Fred Harris 
Gary Varner 

Xiaoling Li (visiting) 

Tao Luo (left) 



 mt is a fundamental parameter in SM:  
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Leptonic world: t-mass 

Test lepton universality: 
 

Heaviest lepton, known with least precision:  



 Measure Compton scattered photon energy with high precision!  
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 Threshold scan: need BEMS! 



Ingredients:  

 Luminosity from gg and Bhabha events (Fred) 

 Hadronic cross-section: energy scale and energy 

spread from resonance line shapes (Mihajlo)  

 t cross-section: 13 two-prong decay modes, ee, em, ep, 

eK, mm, mK, pK, KK, er, mr and pr (with 

accompanying neutrinos implied)   (Tao) 

M. Kornicer 22 Oct. 2015 :: University of Hawaii 45 

Analysis: 18 scan points  

   7 @ J/y  4 @ t      7 @ y(2S) 

using only 1/5 of proposed data = 24pb-1  
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Hadronic cross section 

y(2S) J/y 

Extrapolate mass correction, DM and energy spread dw to t region:  

DM = 54 ± 32 KeV/c2 
dw = 1.469 ± 85 MeV/c2 
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t- cross section 

The most precise measurement so far, tests 

lepton universality @ 0.4 s level:  

PRD 90, 012001, 2014 
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 cc1→ hhh (0-0-0-) 

S-wave: the lowest orbital 

two-body excitation, 

manifestly exotic 

 

Assume two-body processes: 1++ → (0-0-)0-     (hpp)   
 I=0: cc1 → RJh;  RJ → pp 

 I=1: cc1 → RJp;  RJ → hp 
 

p1(1400) →hp : GAMS, KEK, C. Barrel, E852  

p1(1600) →f1p; hp; b1p: VES, E852, COMPASS, CLE0-c 

Old 4q candidates: a0(980) → hp, f0(980) → pp:  
 

PRD 78 74023 (2008) 

C
rystal B

arre
l d

ata  
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 450M  y(2S)→ gcc1 ; cc1→ hpp  

Purity after background subtraction: 98.5 ± 0.3%  

HADRON 2015 
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 450M  y(2S)→ gcc1 ; cc1→ hpp  

BESIII Preliminary  



Very rich and fruitful program:  

 3fb-1 @ 4.17 GeV expected in 2016 

 Lots of proposals, including high precision t-mass  

 Plans to continue next 6-8 years, partially in XYZ 
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BESIII summary and future 
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What’s next  

? 
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 High Intensity Electron Positron Accelerator High Intensity Electron Positron Accelerator  
(HIEPA) 

Collaborative Innovation Center  

for Particle Physics and Interaction  

 

 

 

 

University of Science and Technology of China  
Institute of High Energy Physics, CAS 
Institute of Theoretical Physics, CAS  
Tsinghua University 
University of Chinese Academy of Sciences  
Shangdong University  
Shanghai Jiaotong University 
Peking University 
Nanjing University  
Nankai University 
Wuhan University  
Hua Zhong Normal University 
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 HIEPA: super t-charm factory! 

 provide unique opportunities in the energy region that bridges the 

perturbative and non-perturbative QCD  

 search for new forms of hadrons and explore the structure of hadrons 

 search for possible NP at high intensity and high precision frontier.  

Key features:  

• HIEPA covers the CM energy of 2-7 

GeV 

• peak luminosity L = 1035 cm-2s-1  

• possible polarized beam  

• serve as a 3rd/4th generation SRF  

• do FEL studies ..  
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HIEPA location 

USTC College of Advanced  
Technology, USTC 

Center for Big Science of CAS  
(USTC + CAS Hefei Branch) 
 National Research Center 

Airport 
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CEPC & SppC  

BTC 

IP1 

IP3 

e+ e- 

e+ e- Linac 

LTB 

BTC 

SppC ME Booster 

SppC LE Booster 

IP4 
IP2 

SppC Collider Ring 

Proton Linac 

SppC HE Booster 

 CEPC is an 240 GeV Circular Electron Positron Collider, proposed to carry 

out high precision study on Higgs bosons, which can be upgraded to a 70 TeV or 

higher pp collider SppC, to study the new physics beyond the Standard Model.  
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CEPC & SppC  

Phase 1: e+e- Higgs (Z) factory      two detectors, 1M ZH events in 10yrs 
 Ecm240GeV, luminosity ~21034 cm-2s-1, can also run at the Z-pole 
 Precision measurement of the Higgs boson (and the Z boson) 
 

Phase 2: a discovery machine; pp collision with Ecm  50-100 TeV; ep,HI options 
 Discovery machine for BSM   

Ecm(GeV) 

QingHuangDao site  

300km from Beijing 
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CEPC & SppC: preCDR review  

•   Physics goals and precision reachable（preliminary）  

•   No technological obstacles that cannot be overcome 

•   Specification of R&D items 

•   Initial cost estimate   

•   Complete preCDR  (implement reviewers comments),  

      

“The committee considers the CEPC-SPPC to be well aligned with the future of China’s HEP 
program, and in fact the future of the global HEP program.” 
 
“The committee strongly endorses the physics case of the CEPC, as outlined in the 
preCDR,  recognizing it as an essential step in the understanding of Nature” 
 
“The Committee has been very impressed with the progress during such a short  
period of time, as well as the work and presentations shown, mostly done by the 
 young generation, who are the ones that can devote their carriers to this project  
through  the coming decades” 
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CEPC & SppC: Pre. R&D and funding 

1. IHEP internal investment ~10M RMB       

             organize teams, initialize preliminary R&D 

2.  Seek funding from Chinese Ministry of Sci. & Tech.                           

             kick-off R&D 

In May 2015, the CEPC Study Group decided to begin the CDR process,  
with a preliminary target date of completion: end of 2016 

 

An International Advisory Committee has been formed to advise  
the CEPC SG on int’l collaboration, organizational structures, governance,  
Science & Technology issues, etc. 
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  Future in China seems bright!  

Thank you  
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R&D plan of the 20 T accelerator magnets 

a long term plan for SC 20T magnets is being developed 
will be a world wide effort 

(Very Preliminary) 
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Multi-quark objects 



0-, p in P-wave: 𝑑𝑁/ 𝑑 𝑐𝑜𝑠𝜃𝜋 ∝ 1 − 𝑐𝑜𝑠2𝜃𝜋 

1-, p in P-wave: 𝑑𝑁/ 𝑑 𝑐𝑜𝑠𝜃𝜋 ∝ 1 − 𝑐𝑜𝑠2𝜃𝜋 

1+, p in S-wave : 𝒅𝑵/ 𝒅 𝒄𝒐𝒔𝜽𝝅 ∝ flat  

(assuming D-wave small near threshold) 

0+: excluded by parity conservation  
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  Zc(3883): angular analysis 

PRL 112, 022001 (2014)  

Data clearly favor  JPC = 1+  

If Zc(3900) and Zc(3883) are the same:  

Compare to: 

Open charm decays  
clearly suppressed:  

different dynamics in  
Y(4260) – Zc(3900)  

system! 
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  What do we know so far! 

Zc(4025)0  𝟒𝟎𝟐𝟓. 𝟓 ±−𝟒.𝟕
+𝟐,𝟎 𝟑. 𝟏  𝟐𝟑. 𝟎 ± 𝟔. 𝟎 ± 𝟏. 𝟎 (D*D*)0  e+e-→ p0(D*D*)0 

Zc(3885)0  3885. 𝟕 ±−𝟓.𝟕
+𝟒,𝟑 𝟖. 𝟒  35. 𝟎   ± −𝟏𝟐

+𝟏𝟏  𝟏𝟓 (DD*)0  
e+e-→ p0(D0D*0) 

e+e-→ p0(D
±
D*

∓
) 



 e+e- →p+p- X(3823) →p+p- gcc 
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e + e- → gp+p- cc @ 4.2-4.6 GeV 

Reconstruct  cc → g J/y → g l+l- 

look for pp recoil  

X(3823) candidate  

consistent with  

 y(13D2)  → g cc 

   

Cross-section v.s. energy  

Line shape consistent with both  

Y(4260) & Y4360  
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Comparing existing fD , fDs 
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Comparing existing fD , fDs 
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Comparing existing fD , fDs 
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t- cross section 

i - scan point; j – decay mode  

The most precise measurement so far, tests 

lepton universality @ 0.4 s level:  

Plan for  30 days : 100 pb-1  



 MC normalized by the luminosity and ratio of 

efficiencies for t-pair identification in data and MC   
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t - selection: data vs. MC   
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t – mass: systematic uncertainties   



Adapted by  A. Szczepaniak from 

1. SKK : for KK→pp   

2. Spp : for pp→pp, expanded using zth(s)  
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pp S-wave  

Eur.Phys.J.C9,141 (1999)  

PRD50,3145 (1994)  



Using dispersion relation; instead of Flatte 

parametrization, based on     
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a0(980): dispersion integrals  

PRD 78 74023 (2008) 



Daya Bay result 

From the last non-measured to  
Mostly precisely measured neutrino 
Mixing angle in a few years! 


