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nThe BESIII experiment
nBaryon structure, form factor measurement
nHadron spectroscopy
nPrecision test on Standard Model, (g − 2)&
nLineshape of J/ψ resonance
nSummary
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Beijing	Electron	Positron	Collider

Linac

Storage ring

BES

Ebeam:	1.0-2.3	GeV
σΕ:     5.16�10-4

L:								1.0�1033		cm-2s-1@3770

3



BEijing Spectrometer	III
Main	Drift	Chamber
Small	cell,	43	layer	
σxy=130	µm,	dE/dx~6%
σp/p	=	0.5%	at	1	GeV

Time	Of	Flight
Plastic	scintillator	
σΤ(barrel):			80	ps
σΤ(endcap):	110	ps

Electromagnetic	Calorimeter
CsI(Tl):	L=28	cm (15X0)
Energy	range:	0.02-2GeV
Barrel σE 2.5%, σl 6mm
Endcap σE 5.0%,	σl 9mm	

Muon Counter
Resistive	plate	chamber		
Barrel:	9	layers
Endcaps:	8	layers
σspatial:	1.48	cm

SC	Magnet		1.0T
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The	BESIII	data	sample
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Baryon	form	factor
nThe FFs are measured in space-like (SL) region or time-like (TL) region. The 

proton electromagnetic vertex Γµ describing the hadron current

Ø Γ& +,, + = γ&01 2
3 +
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n GE and GM can be interpreted as Fourier transforms of spatial distributions of 
charge and magnetization of nucleon in the Breit frame

i.e B C⃗ = ∫
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IJ59KL⃗
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Ø τ=
MN

OPQ
N ,				κS=

TQJ3

3
= µS − 1

Ø At	q2=0,
proton:	F1=F2=1		GE=1,	GM=μp
neutron:	F1=0,	F2=1,	GE=1,	GM=µn
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Baryon	form	factor
ØThe Born cross section for IWIJ → Y∗ → [[\,	can be expressed in terms of 

electromagnetic form factor G^ and G_	∶

abb\ 2 =
OHcNde

f9N
[|<A 2 |3 +
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e
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for a charged  [[\ pair

ØThe Coulomb factor C=
1               for a neutral [[\ pair     
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oWoJ → ppq
nUsing 12 c.m. energies from 2.2324 to 3.671 GeV, total 

luminosity 156.9 pbJ1

nCross section
Ø	σuvwx=

yz{|Jy{}~
�KÄK(1WÅ)

nEffective FF
Øσ =

OÇÉNÑÖ

fMN
(|G_|

3 +
1

3Ü
|G^|

3)

ØGjáá =
fMN

OÇÉNÑÖ
K
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nRatio extraction
ØFit function:
Ø

ày

àâväãQ
= NxvwP	 1 + cos3θS + RjP

3 1

Ü
sin3θS

îïñó/ïñó îòñôô/òñôô

Stat. with Sys. 25% - 50% 3% - 37%

Phys.Rev.D 91,	112004(2015)
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oWoJ → öõúùppq
nCombination of 7 data sets (≥3.773 GeV), total luminosity 7.4 fbJ1.
nEvent selection:

ØTwo charged tracks from vertex
ØOne high energy shower in EMC (ISR-tagged)
ØKinematic constraints applied
ØBackground subtraction from weighted MC 

nCross section 
Øa@@̅

b°L¢ £@@̅ =
(F§/FA;;q)•¶ßß

F®/FA;;q

nRatio extraction
Ø

F©

F™°´¨
= ≠ ÆA Ø∞±≤,23 +

≥¥µN

i
Æ= Ø∞±≤,23

ØÆA Ø∞±≤, 23 (<= = 0) and Æ= Ø∞±≤,23 (<A = 0) from MC
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oWoJ → öõúùppq

nBackground subtraction and efficiency dividing
nThe proton FFs extracted between threshold to 3.0 GeV

îïñó/ïñó îòñôô/òñôô

Stat. 18.5 – 33.6% 4.1 - 31.6%

Syst. 4.2- 15.6% 1.6 - 12%
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oWoJ → ΛΛq
nUsing 4 c.m. energies from 2.2324 to 3.08 GeV, total luminosity 40.5 
pbJ1

neWeJ → ΛΛq at the first energy point, 2.2324 GeV, which is 1.0 MeV 
above the ΛΛq mass threshold,is reconstructed final final states of pp\πWπJ
and n\π∫ + X. The Born cross section is measured to be 305±45JføWøø pb
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oWoJ → Λ¿
WΛq¿

J

nUsing 4 c.m. energies, 4.575, 4.580, 
4.590 and 4.600 GeV, total luminosity
631.3 pbJ1

neWeJ → ΛâWΛqâJ is reconstructed 
by tagging 10 decay modes of  ΛâW

nAngular distribution of ΛâW is studied at 4.575 and 4.600 GeV.

<=/<A = 1.10± 0.14± 0.07 <=/<A = 1.23± 0.06± 0.03
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Hadron	spectroscopy
ØCross section of IWIJ → ≈W≈J	inBaBar

ØPossible resonance near 2.2 GeV:ρ(2150), φ(2170)/Y(2175), …

ØForm factor of kaon
ØCharge distribution: 0 23 = ∫∆fCB C I59KL

ØCheck pQCD predictions: 0« = 16»…´ ±  «
3/±

PRD	88	(2013)	032013

Y(2175) As  2 ÀÃ Õ ŒŒ̅	quarkonium As ŒŒ̅œ
hybrid

As Ã –Õ
Ã

ŒŒ̅	quarkonium
Γ�— in 
P∫
f 	model

Γ�— in Flux 
Tube Model

in Flux Tube 
Model

in P∫
f 	model

Γ÷÷(MeV) 9.8 23.1 0 0
Γ◊v◊(MeV) 167.21 211.9 148.7 378
PLB	657	(2007)	49
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oWoJ → ⁄W⁄J
nR scan data from 2.0 to 3.08 GeV, total luminosity ~651	pbJ1

nA structure near 2.2 GeV is measured by:
a = |€‹|3,
€‹ = ∑ ØL K [fiL + Ø™°¢ K ±Jc K I5¨L

r : ρ, ω, φ and their excited states

nForm factor extraction:
|0«|3 ± =

f´

Hc(∫)NeG
©flfl(´)

d‡·
;    a«« ± = a««

∫ (±)(
c ´

c ∫
)3

a«« ± : dressed cross section;   a««∫ (±): bare cross section 
‚„‰: final-state correction

n Form factor fitting function:	
|0«|3 = ≠…´3(±)/±¢

Ê = 1.94 ± 0.09
(agreement with pQCD prediction Ê = 2)

m=2.2298±0.0053 ± 0.0172	GeV
			Γ = 143.7 ± 12.0 ± 7.8 MeV
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Precision	tests	of	the	Standard	Model
nThe anomalous magnetic moment …È =

ÍÎJ3

3
ØExperimental measurement: …È

ÏÌ@ = (11659208.9 + 6.3) K 10J1∫

ØTheoretical prediction:	…È‰A= 11659580.2+ 4.9 K 10J1∫

=>discrepancy:  3.6 standard deviations

n				α&Ô_= α&
^Ò + α&ÚjÛÙ + α&ıÛàw

PRD	73,	072(2006)

Eur.	Phys.	J.	C71,	1515(2011)

Hadronic	vacuum	polarization Hadronic	light-by-light	scattering

can not be calculated by means of perturbative calculations

…È
ˆ˜FL,¯˘ = (692.2± 4.2) K 10J1∫ …È

ˆ˜FL,®b® = (10.5± 2.6) K 10J1∫
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Precision	tests	of	the	Standard	Model
nHadronic vacuum polarization

Ø…È
ˆ˜F,®˙ =

cN ∫

fHN
∫ ∆±

« ´

´

˚
O:l

N ¸(±) 																						¸ ± =
©(Ï˝Ï˛→ˆ˜FL°¢´)

©(Ï˝Ï˛→È˝È˛)

nContributions of hadronic cross sections to the hadronic content 
α&ıÛàw

nThe largest contribution is below 1 GeV (oWoJ → ˇWˇJ)
noWoJ → ˇWˇJˇ! contribution > 6%
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oWoJ → öõúùˇ
WˇJ

nData: 2.9	fbJ1@3.773 GeV
nDetected ISR photon
nMC produced with Phokhara
nMain background: %W%JY

ØTMVA method (Neutral Network)

nSystematic uncertainty: 0.9%

Phy.	Lett.	B	753(2016)	629-638
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oWoJ → öõúùˇ
WˇJ

nCross section: σÇÇ(&'())
*Ûwj =

y++, K(1WÅ'()
++ )

�K-~.z{/.
++,

K0(ä)KÅ1/2

nForm factor: FÇ 3 =
fä

ÇÉNÑG
σÇÇàwjääjà

nContribution to the hadronic contribution of …È
Øα&

ÇÇ,�4 0.6 − 0.9	GeV =
1

OÇG
∫ dsK(s)σÇÇ*Ûwj
∫.6
∫.ø

Phy.	Lett.	B	753(2016)	629-638
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nData: 2.9	fbJ1@3.773 GeV
n ISR tagged:

ØClear 7 and φ signals
ØHuge background in high mass region

n ISR untagged
ØLimited by acceptance
ØNegligible background

n Below 1.8 GeV, fit with VMD model

Ø a 9 =
13H

:G
0:H (9) ∑

;<:<
G/N

b(¯→Ï˝Ï˛)b(¯→fH)

=< (: )

Ï>?<

„@l(:<)
¯AB ,C,BDBDD

3

Ø Branching fraction for7, E, 7,7,, consistent with PDG

oWoJ → öõúùˇ
WˇJˇ!
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nModel dependent experimental evidences:
ØSU3 and SU3 breaking in 1J0J[1], 0J0J[1],
1J1J[1], 1W0J[3] decay show the phase 
between AfT and A^_ is ΦfT,^_~90°

Ø If A eWeJ → nn\ ~− A(eWeJ → pp\), 
u xxq

u SSq
= 0.98± 0.08 → ΦfT,^_~89°± 8°[f]

ØOther baryon pairs: 
ΦfT,^_~−85.9°±1.7°	or	90.8°± 1.6°[O]

ØThe phase angle between A^_ and Aâvx◊: 
Φ&,âvx◊. = 0° from eWeJ → µWµJ

ØThe interference between E and 7 was 
observed at SND, ΦfT,^_~180°

Lineshape	of	L/M resonance

σuvwx = AfT + A& + Aâvx◊
3

= AfT eNOG~,PQ + A& eNO,,2zRS . + Aâvx◊.
3
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nData at 16 energy points around J/ψ peak, integrated luminosity~100.5 pbJ1

nObserved cross section: σN =
yT

-T�T(u)

nTheoretically prediction of Born cross section: σ∫ W =
OÇÉN

VN 1 +
fVN ;WW;77jT,,2zRS

É_(VNJ_NWN_;)

3

nConsidering ISR : σ, W = ∫ dxF(x,W)σ∫(W)1J(
YZ
Y )N

∫

nConsidering energy spread S^: σ,, W = ∫
1

3ÇÔP
exp	(V

DJV
3ÔP

N
VWxÔP
VJxÔP

)σ, W, dW,

nMinimization method: χ3 = ∑
6z{| VT J6

DD VT
N

(∆6z{|VT)
NW ∆VTK

^_DD
^Y (VT)

N
1ø
NA1

oWoJ → `W`J

Φ&,âvx◊. = (−5± 9.7)°, consistent with zero
Energy spread: S^ = 0.911± 0.026 MeV
Energy shift: ∆M = 0.548± 0.041 MeV
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nFor πWπJπWπJπ! process: σ∫ W = (
a
VN)

3OÇÉ
N

VN 1 +
fVN ;WW;77(1WÖjTbG~,PQ)

É_(VNJ_NWN_;)

3

Ø ΦfT,^_ = 83.4° ±4.3° or −83.5° ±4.2°

Ø Γcd = (
e
fg)

gΓ&& 1 + CeNOfT,̂ _
3

Ø Br(J/ψ → πWπJπWπJπ!) =
;cd
;
= (i.gj ± !.cg)%,	consistent with PDG value

nFor ηπWπJ(η→ πWπJπ!) process, the formula is similar with that for µWµJ
Ø No AfT due to G violation
Ø Φ& ,âvx◊. = (−2± 39)° , consistent with zero

Ø Br(J/ψ → ηπWπJ) =
;m+˝+˛

;
= (Ã.n ± !. j)×Õ!Ji,	much improved than PDG value.

oWoJ → ˇWˇJˇWˇJˇ!
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L/M decay width
n ISR method
n 2.93 fbJ1 data at 3.773 GeV
n Channel: eWeJ→ γpÔqµWµJ

n Generator: Phokhara

n σ— r⁄ & s =
yt/u
-K� = Γjj K B&& K I s

n Fit function:
f x = N—/r M x ⊗G x + N◊v◊Ûy −N— r⁄ p(x)

n Γjj K B&& = 333.4 ± 2.5 ± 4.4 	eV

n Energy Scan method
n Data at 15 energy points around J/ψ peak, 

integrated luminosity ~83 pbJ1

n Channels: eWeJ → eWeJ and eWeJ → µWµJ

n σyy
◊ıj = σyy

◊ıj(W∫,M,Γ◊v◊, ΓjjΓyy/
Γ◊v◊ , ΓjjΓyy,σV)with	ll = ee	or	µµ

23

z ± = {
293È

±

:µ|}

:µ>~

fi ±,93È
[fi′ 93È

[ÈÈ ΓÏÏ
∆93È

[fi 93È =
12»[ÈÈ ΓÏÏΓÄ°Ä

(93È
3 − 9Å r⁄

3 )3 + 9Å r⁄
3 ΓÄ°Ä

3

Phys.	 Lett.	B	761	 (2016)	 98–103



Summary
nFruitful results from IWIJ	annihilation at BESIII, both energy 

scan and ISR methods are performed. 
nMore precise baryon form factor on proton, Λ and Λâ, threshold 

effect observed near the mass threshold of baryon pair.
nA vector structure observed in KWKJ spectrum, with 

m=2.2298±0.0053± 0.0172	GeV and	Γ = 143.7 ± 12.0± 7.8
MeV.

nProgress been made in vacuum polarization calculation from 
γpÔqπ

WπJ and γpÔqπWπJπ∫ processes.
nFirst measurement for the phase between J/ψ strong and EM 

amplitude concern multi-hadron final state.
nISR and ES methods performed to extract	Γyy 	and	Γ◊v◊ on J/ψ and 

achieved the best accuracy.
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