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Abstract. In this talk I present recent progress on the studies of baryon form
factors at BESIII, including the measurements of the time-like proton electro-
magnetic form factor via e+e− → pp in the center-mass-system energy region
2.0−3.08 GeV, as well as the electromagnetic form factors of Λ and Λc, respec-
tively. These results are followed by a short discussion about the prospects of
the BESIII program in this area.

1 Introduction

Proton form factors (FF), electric FF (GE) and magnetic FF (GM), are fundamental observ-
able describing the internal structure of proton. They can be extracted via measuring the cross
sections for elastic electron–proton scattering in the space-like region (q2 < 0) and annihi-
lation processes e+e− ↔ pp̄ in the time-like region (q2 > 0). The space-like form factors
are assumed to be real, but the time-like form factors can be complex. At low momentum
transfer, space-like FFs provide information on the distributions of the electric charges and
magnetization within the proton. In the time-like region, electromagnetic FFs can be associ-
ated with the time evolution of these distributions, then the quantum chrmodynamics (QCD)
scaling is tested. At the high momentum transfer, the size of the nucleus is determined. There
are already many measurements of the space-like proton FFs via scattering experiments. At
JLab, the ratio was measured precisely with an uncertainty of 1%, based on which the proton
electronic and magnetic radii could be extracted. However, the measurements of the time-
like form factors are relatively limited. These measurement are performed via pp̄ collision or
e+e− → pp̄. The cross section of e+e− → pp̄ is expressed as following
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where the |GM | and |GE | are magnetic and electric form factors, respectively. Lacking accurate
data on the angular distributions, most experiments had to assume |GM | = |GE | =

∣∣∣Ge f f

∣∣∣.
There are only two experiments who have measured the ratio R = |GE/GM |, but the results
from BaBar [1, 2] and PS170 [3] are inconsistent.

When a u-quark is replaced by a s-quark in a proton, a Λ particle is obtained; if a u-quark
is replaced by a c-quark in a proton, then a Λc state is obtained. Similar to the FFs of proton,
the FFs of Λ and Λc take similar functions as they for the proton and can be obtained via
measurements of cross sections and angular distributions.
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The BESIII detector is a general purpose detector [4] with a 93% solid angle coverage op-
erated at the Beijing Electron Positron Collider (BEPCII). A small-cell helium-based multi-
layer drift chamber (MDC) determines the momentum of charged particles in a 1 T magnetic
field with a resolution of 0.5% at 1 GeV/c, and measures their ionization energy loss (dE/dx)
with resolutions better than 6%. A CsI(T1) electromagnetic calorimeter (EMC) measures
the photon energies with resolutions 2.5% (5.0%) in the barrel (end caps). A time-of-flight
system (TOF), composed of plastic scintillators with resolution of 80 ps (110 ps) in the barrel
(end caps), is used for particle identification (PID). A resistive plate chambers based muon
counter (MUC) with 2 cm position resolution is used for muon identification. Since 2009,
BESIII has collected the world largest electron positron collision samples at the τ-charm en-
ergy region, including 10× 109 J/ψ sample, 5× 108 ψ(2S ) sample, 2.9 f b−1 ψ(3770) sample,
∼ 1.5 f b−1 (150 points) for R and QCD studies (from 2.0 to 4.6 GeV), and about 13 f b−1 data
sample for XYZ studies till the talk was presented. These data samples make BESIII suitable
to study the time-like form factors of baryons and mesons. In this talk, I shall present recent
progress on the studies of time-like form factors of proton, Λ, and Λc at BESIII.

2 Proton form factors at BESIII

Two kinds of data sets are applied in the proton form factors measurement at BESIII. One is
the high-energy data sets collected from 3.773 to 4.6 GeV, with techniques with tagging the
initial state radiation (ISR) photon or un-tagging the ISR photon. The other is low-energy
scan data sets collected from 2.0 to 3.08 GeV. There is already a publication with the first
partial scan data set [5]. The results presented in this talk is based on the full scan data set,
that is expected to supersede the previous results.

2.1 Proton form factors at BESIII with un-tag ISR method

Comparing to the scan method, ISR technique can provide results at continuous q2 range, and
the un-tagged ISR analysis would give higher statistics compared with the tagged one. The
cross section for the ISR process e+e− → pp̄γ can be written as

dσe+e−→pp̄γ

(
q2

)
dq2 =

1
s

W(s, x)σpp̄

(
q2
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√

s
= 1 −

q2

s
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pp̄ , (2)

where α is the electromagnetic coupling constant, E∗γ is the energy of the ISR photon in e+e−

center mass system, q is the transfer momentum carried by the exchanged virtual photon, the
radiation function W(s, x) is the probability of the emission of the hard photon with energy
fraction x, σpp̄(q2) is the cross section without radiative process. The measured cross sections
and effective form factors [6] are shown in Fig. 1.

From the measured cross sections and form factors an oscillation is observed, as shown
in Fig. 2, via Fp = |Ge f f | − F0, where F0 is the regular behavior over the long range. BESIII
confirms the oscillation observed firstly by BaBar [7, 8]. It is still unclear this feature is
originated from re-scattering effect or resonance contribution or the other physics processes.

The ratio of electric and magnetic forms factors has been obtained in 3 intervals of Mpp̄

between 2.0 and 3.0 GeV. The results, presented in Fig. 3, are consistent with previous mea-
surements.

2.2 Proton form factors at BESIII with scan data sets

BESIII has accumulated 688.5pb−1 electron positron collision data with 22 energy points
from 2.0 to 3.08 GeV center mass energy. With this full low-energy scan data sets, the

2

EPJ Web of Conferences 212, 07001 (2019) https://doi.org/10.1051/epjconf/201921207001
PhiPsi 2019



]
2

/c
2

[GeV
2

q
4 6 8 10 12 14 16

 (
pb

)
ppσ

1

10

2
10

3
10

BaBar

CMD-3

Fenice
DM1
DM2
BES
CLEO

BESIII

ADONE73

BESIII (this work)

]
2

/c
2

[GeV
2

q
4 6 8 10 12 14 16

|
ef

f
|G

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

BaBar

 

E835
Fenice
PS170
E760
DM1
DM2
BES
CLEO

BESIII

ADONE73

BESIII (this work)

Figure 1. The measured cross sections and form factors via ISR process.
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Figure 2. The extracted oscillation feature of the form factors, via ISR process, with respect to (a)
momentum and (b) invariant mass.

cross sections of e+e− → pp̄ are measured, and the form factors are extracted by Eq. 1. The
preliminary results are shown in Fig. 4. In time-like region, BESIII result is an unprecedented
accuracy, and the oscillation feature, observed via the ISR method, has been confirmed again.
The R = |GE/GM |, shown in Fig. 3, provides an uncertainty comparable to the space-like
region for the first time. BESIII measurement of R = |GE/GM | strongly favors BaBar’s result
compared to that of PS170.
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Figure 3. The R = |GE/GM | of Mpp̄ between 2.0 and 3.0 GeV via (left) ISR process and (right) scan
method, and comparison with other experiments.

Figure 4. The measured (left) cross sections and (right) form factors via scan method (preliminary).

3 Λ form factors at BESIII

Electromagnetic form factors (EMFFs) are fundamental hadron structure observable describ-
ing the deviation of the hyperon to the point-like case since they are related to the charge-
and magnetization density. Different to the proton, hyperon is difficult to be studied in the
space-like region because it is unstable then the hyperon target is unfeasible, and the quality
of hyperon beam is in general not sufficient. So the e+e− annihilation offers the best oppor-
tunity to study hyper structure. BESIII has measured the cross sections of e+e− → ΛΛ̄ in
the
√

s = 2.232, 2.400, 2.800, 3.080 GeV, and observed an enhancement near the thresh-
old [9]. Recently BESIII redo the analysis [10] with a joint angular distribution describing
the reaction and the hyperons decay chains

W(ξ) = T0 + ηT5 − α
2
Λ

(
T1 +

√
1 − η2 cos(∆Φ)T2 + ηT6

)
+ αΛ

√
1 − η2 sin(∆Φ) (T3 − T4) ,

(3)
where αΛ [11] denotes the decay asymmetry of the Λ → pπ− decay. The seven functions
Tk(ξ) do not depend on the physical quantities η and ∆Φ, but only on the measured angles.

Fig. 5 shows the acceptance corrected Λ scattering angle distribution and the product
of αΛ and Λ polarization Py as a function of the scattering angle. The ratio R = |GE/GM |

is determined with unprecedented precision to be R = 0.96 ± 0.14 (stat.) ± 0.02 (sys.).
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The relative phase between GE and GM is determined for the first time to be ∆Φ =

37o ± 12o (stat.) ± 6o (sys.). The non-zero value of the relative phase implies that the EMFFs
are complex at this energy. Hence, not only the s-wave but also the d-wave amplitude con-
tribute to the production.
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Figure 5. a) The acceptance corrected Λ scattering angle distribution. b) The product of αΛ and Λ

polarization Py as a function of the scattering angle.

4 Λc form factors at BESIII

The cross section of e+e− → Λ+
c Λ̄−c near threshold are measured at

√
s = 4574.5, 4580.0,

4590.0, 4559.5 MeV [12]. From Fig. 6 it can be seen the trend of BESIII is different to that
of Belle or phase space. The ratio R = |GE/GM | are measured to be 1.14 ± 0.14 ± 0.07 and
1.23 ± 0.05 ± 0.03 at the energy points

√
s = 4574.5 MeV and 4599.5 MeV, respectively.
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Figure 6. Cross section of e+e− → Λ+
c Λ̄−c by BESIII and Belle.

5 Summary and outlook

Proton form factors have been measured at BESIII via both ISR and scan technique. The
results are in significantly improved precision and some novel/unexpected features are ob-
served/confirmed. Λ form factors with relative phase between GE and GM are measured for
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the first time. The effective form factors and |GE/GM | of Λc have been measured near the
threshold. BESIII will continue to measure the proton form factors with varied technique,
especially at the region very close to the threshold. And with the large data samples collected
at the τ-charm region, form factors of other baryons, such as neutron, Ω, Σ, Ξ, as well as
their polarizations will be measured soon. The measurements of e+e− annihilating into Λc

pair will be performed at higher energy points to check the consistence with Belle and study
the Y(4660) state.
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