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Form factors of proton

• Understanding the inner structure of proton

•

• Form factors represent the charge distribution in momentum 
space and are related to the cross sections directly
– Probe the size of the nucleus 

– Test QCD scaling

2019-2-28 zhuk@phipsi2019 3



Form factors for proton

• Space-like

– Many measurements via scattering

– At JLab, the ratio was measured precisely with an uncertainty of 
~1%, based on which the proton electronic and magnetic radii 
could be extracted

• Time-like

– Measurements via 𝑝  𝑝 collision or  𝑒+𝑒− → 𝑝  𝑝

– 𝜎(𝑒+𝑒− → 𝑝  𝑝):

– Lacking accurate data on the angular distributions. Most 
experiments assume |𝐺𝐸 = |𝐺𝑀 = |𝐺𝑒𝑓𝑓|

– Only two experiments measure |𝐺𝐸/𝐺𝑀|, with inconsistent 
results (Babar & PS170)
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BESIII data: the largest 𝑒+𝑒−collision samples in 
𝜏-charm region

2018/11/22 卓越中心 BESIII 5

10× 𝟏𝟎𝟗

Time-like form factors



Proton form factors at BESIII

• High-energy data sets (3.773 ~ 4.6 GeV)

–Untagged ISR technique

– Tagged ISR technique

• Low-energy scan data sets (2.0 ~ 3.08 Gev)

–Phys. Rev. D. 91, 112004 (2015),  the first set

– Full set; expected to supersede the previous results 
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Both scan and ISR can be used at BESIII



Proton form factors at BESIII

• High-energy data sets (3.773 ~ 4.6 GeV)

–Untagged ISR technique
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Both scan and ISR can be used at BESIII



Untagged ISR technique
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Proton form factors results at BESIII with un-
tag ISR method arXiv:1902.00665 [hep-ex]

Ecm [GeV] L [pb-1]

3.773 2931.8

4.008 481.96

4.226 1053.9

4.258 825.67

4.358 539.84

4.416 1041.3

4.600 585.4

Total: 7.4 f𝑏−1

• ISR analysis: continuous q2

range

• Untagged ISR analysis: 

high statistic

Coverage
fraction
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Total cross section and effective FFs
in 30 intervals of the 𝑀𝑝  𝑝 between 2.0 and 3.8 GeV

arXiv:1902.00665 [hep-ex]
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The ISR and the Born cross 

sections are related by the 

radiator function W(s,x):
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𝑑𝜎𝑝  𝑝𝛾𝐼𝑆𝑅 𝑞2

𝑑𝑞2
=
1

𝑠
𝑊 𝑠, 𝑥 𝜎𝑝  𝑝 𝑞2 ,

𝑥 = 1 −
𝑞2

𝑠
, 𝑞2 = 𝑀𝑝  𝑝
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Oscillations arXiv:1902.00665 [hep-ex]

p (GeV/c)

0 0.5 1 1.5 2 2.5 3 3.5

p
F

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

BaBar

BESIII (this work)(a)

)
2

 (GeV/c
pp

M
2 2.2 2.4 2.6 2.8 3

p
F

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

(b)

• The oscillations can be 

extracted as              

Fp = 𝐺𝑒𝑓𝑓 − 𝐹0

(F0 : regular behavior over 

the long range)

Confirmed observation by Barbar

Phys. Rev. Lett. 114, 232301 (2015)

Phys. Rev. C 93, 035201 (2016)
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Re-scattering effect?
Resonance contribution?



R= |GE|/|GM| in 3 intervals of 𝑀𝑝  𝑝 between 2.0 and 3.0 GeV
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Data of 7 samples are combined

After bkg. subtraction (red)

After efficiency correction (black)

Fit (blue)

arXiv:1902.00665 [hep-ex]
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𝑑𝜎

𝑑cos𝜃𝑝
= 𝐴(𝐻𝑀 +

𝑅2

𝜏
𝐻𝐸)

𝐻𝑀 cos𝜃𝑝, 𝑀𝑝  𝑝 from MC (𝐺𝐸=0)

𝐻𝐸 cos𝜃𝑝, 𝑀𝑝  𝑝 from MC (𝐺𝑀 = 0)



(Full) low-energy scan data sets
688.5 𝑝𝑏−1, 22 energies, 2.0 to 3.08 GeV
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Cross section of 𝑒+𝑒− → 𝑝  𝑝 and effective FF
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• In time-like region, BESIII result is an unprecedented accuracy.

Oscillations has been confirmed, again



Measurement of |𝐺𝐸/𝐺𝑀| and magnetic FF
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• |𝐺𝐸/𝐺𝑀| providing an uncertainty comparable to the space-
like region for the first time. 

• BESIII measurement of |𝐺𝐸/𝐺𝑀| strongly favors BaBar’s
compared to that of PS170.         
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Λ form factors
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Previous BESIII measurements
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𝒔 = 𝟐. 𝟑𝟗𝟔 GeV



Joint decay distribution
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|𝐺𝐸/𝐺𝑀| and relative phase

Fit by maximal likelihood

First measurement of 𝚫𝝓
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Λ𝑐 form factors near threshold
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𝑒+𝑒− → Λ𝑐
+ Λ𝑐

− near threshold Phys. Rev. Lett. 120, 132001 (2018)

√s=4574.5, 4580.0, 4590.0 
and 4599.5 MeV

2019-2-28 zhuk@phipsi2019 24Rinaldo Baldini Ferroli, Hefei, 2018

|𝑮𝑬/𝑮𝑴|:
𝟏. 𝟏𝟒 ± 𝟎. 𝟏𝟒 ± 𝟎. 𝟎𝟕
𝟏. 𝟐𝟑 ± 𝟎. 𝟎𝟓 ± 𝟎. 𝟎𝟑
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𝑒+𝑒− → Λ𝑐
+ Λ𝑐

− near threshold Phys. Rev. Lett. 120, 132001 (2018)

√s=4574.5, 4580.0, 4590.0 
and 4599.5 MeV

|𝑮𝑬/𝑮𝑴|:
𝟏. 𝟏𝟒 ± 𝟎. 𝟏𝟒 ± 𝟎. 𝟎𝟕
𝟏. 𝟐𝟑 ± 𝟎. 𝟎𝟓 ± 𝟎. 𝟎𝟑
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4574.5 MeV 4599.5 MeV



Summary and outlook (I)

• Proton form factors have been measured at BESIII with ISR 
and scan technique

– Result in significantly improved precision

– Some novel/unexpected features observed/confirmed

• Λ form factors with relative phase between 𝐺𝐸 and 𝐺𝑀 first 
time

• Λ𝑐 effective form factors and |𝐺𝐸/𝐺𝑀| near threshold
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Summary and outlook (II)

• Will come

– Proton form factors with varied technique (Ecm<2GeV)

– Form factors of other baryons, such as neutron (will be 
released soon), Ω, Σ, Ξ, as well as polarizations

– Λ𝑐 form factors at higher energy
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Backup 

2019-2-28 zhuk@phipsi2019 29



Background estimation based on Sideband method

30Alaa Dbeyssi

 Angular distributions of the missing momentum (@ 4.226 GeV):

 Distributions of the missing mass squared (@ 4.226 GeV):

Signal MC Bkg. MC from two-photon channel BESIII data

Signal MC Bkg. MC e+e- ® ppp 0
BESIII datae+e- ® ppg ISR

e+e- ® ppg ISR
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Scan data (selection I)
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Scan data (selection II)
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