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God created light, we try to understand it!

• “Let there be light”; and there was light. And God 

saw that the light was good. [good=understandable!] 
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?

If ? = l+l-, we can calculate it!

If ? =qq, we can not calculate it,

but we CAN measure it!

hadrons



Photon propagator appears everywhere 
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R(s) is the key to improve  and a
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• Improve the precision of e+e- annihilation cross sections to 

improve the sensitivity of new physics hunting!

• Low energy contribution is enhanced!

𝑅 =
𝜎(𝑒+𝑒− → ℎ𝑎𝑑𝑟𝑜𝑛𝑠)

𝜎(𝑒+𝑒− → 𝜇+𝜇−)
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Charmonium spectroscopy

n(2S+1)LJ

n  radial quantum number

S total spin of c & cbar

L orbital angular momentum

L = 0, 1, 2 ... correspond to S, P, D, …

J = S + L

P = (–1)L+1 parity

C = (–1)L+S charge conj.Godfrey & Isgur, PRD32, 189 (1985)

S and D-wave spin-triplets have the same 

quantum number as the photon!



7

M
a
s
s
 (

G
e
V

)

2.8

3.2

3.6

4

4.4

4.8

DD

-+0
--

1 +-1 ++0 ++1 ++2 -+2
--

2
--

3 +-3 ++3 ++4

(2.97)
0

S11

(3.62)
0

S12

(4.06)
0

S13

(3.10)
1

S
3

1

(3.68)
1

S
3

2

(3.82)1D
3

1

(4.10)
1

S
3

3

(4.19)1D
3

2

(4.52)1D
3

3

(3.52)1P11

(3.96)1P12

(3.44)0P
3

1

(3.92)0P
3

2

(3.51)1P
3

1

(3.95)1P
3

2

(3.55)2P
3

1

(3.98)2P
3

2

(4.09)2F
3

1

(3.84)2D11

(4.21)2D12

(3.84)2D
3

1

(4.21)2D
3

2

(3.85)3D
3

1

(4.22)3D
3

2

(4.09)3F11 (4.10)3F
3

1 (4.09)4F
3

1

Charmonium(like) spectroscopy

predicted, discoveredhc(1S)

J/y

hc(2S)
y(2S)

hc(1P)
cc0(1P)

cc1(1P)
cc2(1P)

2005

1974

Godfrey & Isgur, PRD32, 189 (1985)

y(3770)

y(4040)

y(4160)

y(4415)

cc2(2P)

y(13D2)X(3872)

Y(4260)

Y(4360)

Y(4660)
 Charmonium-like (XYZ) particles
 New type of hadron (multi-quark …)?
 Too many vector states! Exotics?

unpredicted, discovered

2015 BESIII

charged

Zc(3900)
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Where is the experiment

We are here!

IHEP, Beijing
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Beijing Electron Positron Collider (BEPC)

My office

LINAC

BEPCII

(Beijing electron-

positron collider)

BESIII 

detector

Main entrance to IHEP

Satellite view of IHEP, Beijing

• Founded: 1984, Ecm=2-4.6 GeV 

• 1989-2005  (BEPC): 

Lpeak=1.0x1031 /cm2s 

• 2008-now (BEPCII):

Lpeak=1.0x1033/cm2s

(Apr. 5, 2016)
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BESIII Detector

Be beam pipe

SC magnet, 1T
Magnet yoke

MDC, 120 m 

0.5% at 1 GeV/c

CsI(Tl) calorimeter, 2.5% @ 1 GeV

TOF, 80ps

RPC

Total weight 730 ton, 

~40,000 readout chnls, 

Data rate: 5kHz, 50Mb/s

We know every particle recorded in the detector! 
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BESIII data samples

2009: y & J/y

Note that luminosity is lower at J/y, 

and machine is optimal near y’’ peak  

Int. lum.: Jan. 2009– Mar. 2017 

about 17 fb-1 @ different energies

Note increase in slopes!  

y(4160): 3.2 fb-1 [2016]

y(3770): 2.9 fb-1

y:    0.5 B

J/y: 1.3 B

XYZ:  11 fb-1   [2013-17]

2012: 

y & J/y

[0.35B & 1.1B] 

2011: y’’ & 

y(4040) 

2010: y’’
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4230+4260

2.0 fb-1



The method and the modes
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• ISR to reach low mass region (below 2 GeV)

– e+e-
 +-

– e+e-
 +-0

– e+e-
pp

• Fine scan around narrow resonances (J/y, y’)

• Direct measurement of e+e- annihilation

– Exclusive
• Final states with charmed mesons or baryons, DD*，c

+c
-

• Final states with charmonium and light hadrons J/y, hc

– Inclusive [leave for future FCPPL workshops]
• Rc=R(D+)+ R(D0) + R(Ds) + R(c)

• R(hadrons) for Ecm=2.0—4.6 GeV



ISR analyses at Ecm=3.773 GeV
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Tagged for ISR  analysis

Both tagged and untagged for ISR  analysis 
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ISR e+e-
+-0
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Background estimation
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J/y line shape scan

Data have been taken around the J/y peak at 15 energy points

Measure the resonant parameters of J/y with:
1. e+e-  e+e-

2. e+e-  +-

3. e+e-  hadrons

On-line cross section and J/psi line shape fit
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e+e-+-J/y cross section
BABAR   PRL95,142001(2005)

Y(4260)/X(4260)

D0 – D1 “molecule”

D1

D0

30

Confirmed by Belle, CLEO, BESIII

Hadro-charmonium

PDG

PDG

J/y
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e+e- +-J/y at 4.26 GeV

• Select 4 charged tracks and reconstruct J/y with lepton pair.

• Very clean sample, very high efficiency (~45%). 

• (e+e- +-J/y)= (62.91.93.7) pb

BESIII: PRL110, 252001

88233

J/y+-

59528

J/ye+e-



e+e-+-J/y cross section at BESIII
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 Most precise cross section measurment to date from BESIII

 Fit I =|BW1+BW2*eif2+BW3*eif3|2 or Fit II =|exp+BW2*eif2+BW3*eif3|2  (other fits ruled out)

M = 4222.0±3.1±1.4 MeV (lower)
G = 44.1±4.3±2.0 MeV (narrower)

8.2 fb−1

19 points

0.8 fb−1

103 points

PRL118, 092001 (2017)

data data

PDG



e+e-+-J/y cross section at BESIII
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 Most precise cross section measurment to date from BESIII

 Fit I =|BW1+BW2*eif2+BW3*eif3|2 or Fit II =|exp+BW2*eif2+BW3*eif3|2  (other fits ruled out)

M = 4222.0±3.1±1.4 MeV (lower)

G = 44.1±4.3±2.0 MeV (narrower)

8.2 fb−1

19 points

0.8 fb−1

103 points

PRL118, 092001 (2017)

data data

 A 2nd resonance Y2 with M=4320.0±10.4±7.0 MeV/c2

G=101.4+25.3
-19.7±10.2 MeV

Observed for the first time, significance > 7.6
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e+e- +-hc(1P) at BESIII

• hcghc, hc hadrons [16 exclusive decay modes]

• pp, +-K+K-, +-pp, 2(K+K-), 2(+-), 3(+-) 

• 2(+-)K+K-, KS
0K+-+c.c., KS

0K+-+-+c.c., K+K-0

• pp0, K+K-h, +-h, +-00, 2(+-)h, 2(+-0) 

Method same as in arXiv:1309.1896, PRL111, 242001

Ecm=4.415 GeV Ecm=4.415 GeV
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e+e-+-hc cross section at BESIII

 First precise cross section measurement from threshold to 4.6 GeV

 Fit with |BW1+BW2*eif2|2 , two resonant structures are evident

PRL118, 092002 (2017)

~6 fb−1
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e+e-+-hc cross section at BESIII
PRL118, 092002 (2017)

~6 fb−1

 M1=4218.4+5.5
-4.5±0.9 MeV/c2, G1=  66.0+12.3

-8.3±0.4 MeV  Y(4220)

 M2=4391.5+6.3
-6.8±1.0 MeV/c2, G2=139.5+16.2

-20.6±0.6 MeV  Y(4390)



𝑒+𝑒− → 𝜋+𝐷0𝐷∗−+c.c.
• Reconstruct D0 → K−π+

• Select the combination closest to D0 mass (m(D0))

• Find an additional π+;

• 1.9 < M(D∗−) (RM D0π+ +M D0 −m D0 )  < 2.1 GeV/c2

• select the candidate closest to D∗− mass

• An un-binned maximum likelihood fit

• Signal shape: MC convoluted with a 

Gaussian;

• The isospin partner background (dotted 

line) is parameterized with MC;

• A linear function for other bkg

37



Fit to the dressed cross section of 
𝑒+𝑒− → 𝜋+𝐷0𝐷∗−+c.c.

Fit with a constant (pink dashed triple-dot line) and two constant width relativistic 

BW functions (green dashed double-dot line and aqua dashed line).

𝜎𝑑𝑟𝑒𝑠𝑠 =
𝑁𝑜𝑏𝑠

ℒ 1 + 𝛿𝑟 𝐵 𝐷0 → 𝐾−𝜋+ 휀

38



Resonant parameters

Statistical significance is greater than 10.

Consistent with those of Y(4220) and Y(4390) in 𝑒+𝑒− → 𝜋+𝜋−ℎ𝑐. 

The error are statistical only.

39
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Parameters Y(4220) in +-hc Y(4260) y(4160) Structure in wcc0

M (MeV) 4218.4±4.0±0.9 4251±9 4191±5 4226±8±6

Gtot (MeV) 66.0±9.0±0.4 120±12 70±10 39±12±2

Parameters Y(4390) in +-hc Y(4360) y(4415)

M (MeV) 4391.6±6.3±1.0 4362±13 4421±4

Gtot (MeV) 139.5±16.1±0.6 74±18 62±20

Y or y structures
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Charmonium(like) spectroscopy

predicted, discoveredhc(1S)

J/y

hc(2S)
y(2S)

hc(1P)
cc0(1P)

cc1(1P)
cc2(1P)

2005

1974

Godfrey & Isgur, PRD32, 189 (1985)

y(3770)

y(4040)

y(4160)

y(4415)

cc2(2P)

y(13D2)X(3872)

Y(4260)Y(4220)

Y(4360)

Y(4660)
 Instead of clarify the situation, we 

made it messier :(

unpredicted, discovered

2015 BESIII

charged

Zc(3900)

Y(4390)
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Summary & outlooks

• We can measure e+e- annihilation cross sections 

from threshold up to 4.6 GeV at BESIII

• We have made progress in improving vacuum 

polarization calculation precision & in understanding 

vector states betters

• A lot more to come with current data samples

 More exclusive modes, improved precisions

 High precision inclusive measurement

• BESIII may continue data taking for x years, and we 

are discussing a “Big Plan” ——
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The plan 
— a fine scan with large statistics —

• Ecm=4.0 up to 4.6+ GeV

• 10 MeV step (slight adjust ~ thresholds, skip those points we 

have already collected large samples)

• 500 pb-1/point  

 total luminosity ~ 25 fb-1

• With peak luminosity of 1033/cm2/s

• Top-up injection at BEPCII !

• This plan can be finished in about 5 years!

2016-17 running year: Ecm=4.19, 4.20, 4.21, …, 4.30 GeV

2017-18 running year: Ecm=4.31, 4.32, 4.33, …, 4.40 GeV?



Thanks a lot!

Merci!

谢谢！

44



ISR at Belle II vs. BESIII

ISR produces events at all CM energies BESIII can reach

45

At 4.26 GeV for +-J/y

BESIII = 46%

Belle   = 10%



Belle with ISR data (PRL 110, 252002) CLE0c data at 4.17 GeV (PLB 727, 366)

4260 MeV

46

Discovery of Zc(3900)± PRL 110, 252001 (2013) 



Observation of Zc(4020)+

Simultaneous fit to 

4.23/4.26/4.36 GeV data, 

16 hc decay modes. 8.9

M(Zc(4020)) = 

4022.90.82.7 MeV;  

G(Zc(4020)) = 

7.92.72.6 MeV

Close toD*D* threshold(e+e-
 Zc+-hc) :

8.71.92.81.4 pb @ 4.230 GeV

7.41.72.11.2 pb @ 4.260 GeV

10.32.33.11.6 pb @ 4.360 GeV

Significance: 8.9 [Zc(4020)]

No significant Zc(3900) (2.1)
47

BESIII: PRL111, 242001



Born Xsection of 𝑒+𝑒− → 𝜋+𝐷0𝐷∗−+c.c.

𝜎𝐵 =
𝑁𝑜𝑏𝑠

ℒ 1 + 𝛿𝑟 (1 + 𝛿𝑉)𝐵 𝐷0 → 𝐾−𝜋+ 휀

𝑁𝑜𝑏𝑠: signal yield;

ℒ: integrated luminosity;

1 + 𝛿𝑟: radiative correction factor;

1 + 𝛿𝑉 : vacuum polarization correction factor;

휀: detection efficiency for signal process;

𝜎𝐵: The measured Born cross section. 

The cross sections of 𝑒+𝑒− →
𝜋+𝐷0𝐷∗−+c.c. (red dots) are 

consistent with but more precise 

than those from Belle 

measurement (blue dots). 

The first statistical, and the second ones systematic uncertainty.48



Systematic uncertainties in the Born cross 
section of 𝑒+𝑒− → 𝜋+𝐷0𝐷∗−+c.c.

Considering the large statistical fluctuations at the energy points ("Other") with 

low luminosities, we conservatively take the largest systematic uncertainties from 

five energy points with large luminosities.

49



Systematic uncertainties on the resonant 
parameters in 𝑒+𝑒− → 𝜋+𝐷0𝐷∗−

* The uncertainty from cross section measurement is composed of two parts: 

the common uncertainties (Uncertainty on cross section1) and other 

uncertainties related to the fitting methods used to extract the signal yields 

and determine the detection efficiency (Uncertainty on cross section2).

𝑀 𝑌 4220 = (4224.8±5.6±4.0) MeV/c2, Γ(𝑌(4220)) = (72.3±9.1±0.9) MeV.

𝑀 𝑌 4390 = (4400.1±9.3±2.1) MeV/c2, Γ(𝑌(4220)) = (181.7±16.9±7.4) MeV.
50



Fit to e+e-
+-0 cross sections

51



𝑠 MeV 𝐿𝑖𝑛𝑡. (pb
−1) 𝑓𝐼𝑆𝑅 σ (pb)

4574.5 47.67 0.45 235 ± 11 ± 46

4580.0 8.545 0.66 206 ± 17 ± 13

4590.0 8.126 0.71 243 ± 19 ± 15

4599.5 566.9 0.74 237 ± 3 ± 15

Born cross section of 𝒆+𝒆− → 𝜦𝒄
+𝜦𝒄

−

52



Fit the cross section line-shape
The comparison and fit results of the line-shape:

53



Cross Section for e+e−→DX
Weimin Song
PhD thesis
IHEP, 2015

54



Status of R&QCD  data taking

 Phase I:  test run (2012)

@  Ecm =  2.232, 2.400, 2.800, 3.400 GeV , 4 energy points, 12/pb

 Phase II:  fine scan for heavy charmonium line shape  (2014)

@ 3.800  - 4.590 GeV, 104 energy points,  800/pb

 Phase III: R&QCD scan (2015)

@ 2.000 - 3.080 GeV, 21 energy points,  500/pb

55R value line shape has scanned in whole BEPCII energies. 
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Present status of R value measurement

Nhad , Nbg  event selection: 

below open charm finished, above open charm in progress.

L    integrated luminosity: 

finished, error ~ 1%.

had  hadronic generator, exclusive  LUARLW:

parameters are optimized, cross checks, largest error source? 

1+  theoretical calculations: 

finished, error ~1.5%, including the from 0
had

Error analysis:  

 final goal R/R ~2.5-3.0% [or better]

being reviewed with in BES Collaboration. 56


