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Plan of the talk – Elastic Form Factors

Baryon timelike electromagnetic form factors at large q2

Octet Baryon (JP = 1
2

+
) : Jµ = F1γ

µ + F2
iσµνqν
2M [Dirac/Pauli FF]

Electric and Magnetic FF (Sachs): GE = F1 −
Q2

4M2F2, GM = F1 + F2

q = transfer momentum, Q2 = −q2

Background

Quark model calculations for the spacelike region (q2 ≤ 0)

Extension to the timelike region (q2 > 0) – Effective FF and ratio |GE/GM |

G. Ramalho, M.P. Peña and K. Tsushima, PRD 101, 014014 (2020)
G. Ramalho, PRD 103, 074018 (2021)

G. Ramalho, M.P. Peña, K. Tsushima and M. K. Cheoun, PLB 858, 139060 (2024)
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Background: baryon electromagnetic structure in 6= regions
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JLab/CLAS BES III, Belle
HADES

0 < q2 ≤ (M
B′ − MB)2

e−B → e−B′

e−e+ → BB̄′

e−e+ → B′B̄

B′
→ e+e−B

SL: (Q2 = −q2 ≥ 0): electron (baryon) scattering; N , N∗ FF; (γ∗N → N∗): JLab, ...
TL: (large q2): e+e−, pp̄ scattering; B FF and B′B̄ FF: BESIII, Belle
TL: (below pseudothreshold): πB → B∗ → γ∗B → e+e−B; Dalitz decay; HADES, ...
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Model calculations available for the three regimes
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SL: (Q2 = −q2 ≥ 0): electron (baryon) scattering; N , N∗ FF; (γ∗N → N∗): JLab, ...
TL: (large q2): e+e−, pp̄ scattering; B FF and B′B̄ FF: BESIII, Belle
TL: (below pseudothreshold): πB → B∗ → γ∗B → e+e−B; Dalitz decay; HADES, ...

Model calculations available for the three regimes – Focus on TL/large-q2
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Background: baryon electromagnetic structure in 6= regions
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JLab/CLAS BES III, Belle
HADES

0 < q2 ≤ (M
B′ − MB)2

e−B → e−B′

e−e+ → BB̄′

e−e+ → B′B̄

B′
→ e+e−B

Spacelike (q2 ≤ 0)

Real FF

Probe structure N∗

GN→N∗(Q2)

Timelike (q2 ≥ 4M2)

Complex FF

Probe structure B (hyp.)

GE(q
2), GM (q2)
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Status of measurements in the timelike region

Integrated cross section: BaBar, CLEO, BESIII, τ = q2

4M2

Effective FF: |G|2 ∝
[

|GM |2 + 1
2τ |GE |

2
]

Differential cross section: |GE |, |GM |, |GE/GM |, BESIII

Spin polarization (complete measurements): ∆Φ (relative phase), BESIII
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Covariant Spectator Quark Model (CSQM)
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Octet baryon EM form factors: Physical & lattice QCD

GR and K Tsushima, PRD 84, 054014 (2011)

Callibrate model ——-
Bare parameters

using lattice QCD
Fit radial wave functions
ψB(MB → ψB(M latt

B )

Quark current fixed (VMD)

fiℓ(Q
2,mv,MN ) → fiℓ(Q

2,mlatt

v
,M latt

N
)

Extrapolate to physical limit
mπ → mphy

π - - - - - -

Include meson cloud
⇒ Physical FF ————–−→
Gℓ = ZB

[

GB
ℓ +GMC

ℓ

]

Effective meson cloud

’

Model can be used to calculate octet baryon FF in different ranges of Q2
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Hyperons – Magnetic form factors – example

GR and K Tsushima, PRD 84, 054014 (2011)
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Hyperon electromagnetic form

factors in the timelike region

q2 > 4M2

B

large q2 regime
Measurements of |G| and |GE/GM |

PRD 101, 014014 (2020)

PLB 858, 139060 (2024)
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Elastic form factors - Timelike vs Spacelike Q2 = −q2

Asymptotic relations between
spacelike (GSL

ℓ ) and timelike
(GTL

ℓ ) regions ℓ = E,M

Gℓ(q
2)

q2→∞
= Gℓ(−q2)

Phragmèn—Lindelöf theorem, Pacetti, Ferroli,

Tomasi-Gustafsson, Phys. Rep. 550, 1 (2015), App. D

There is a gap between

]−∞, 0] and [4M2,+∞[

Finite corrections (central value):

GTL
ℓ (q2) ≃ GSL

ℓ (q2 − 2M2)

Kuraev, Dbeyssi, Tomasi-Gustafsson,

PLB 712, 240 (2012)

Proton form factors GM , |GM |

SL TL
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Elastic form factors – Timelike vs Spacelike Example G > 0

Finite corrections to asymptotic result: GTL(q2) ≃ G(q2 − 2M2)

Theoretical bands: Lower limit q2 → q2 Upper limit: q2 → q2 − 4M2

G(Q2) =

(

Λ2
D

Λ2
D +Q2

)2

, Λ2
D = 0.71GeV2

Theoretical uncertainties became very small at large q2
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Timelike form factors – Effective FF |G(q2)|

e+e− → γ∗ → BB̄ – Integrated cross section

GE(q
2) and GM (q2) not measured directly

Cross section: τ = q2

4M2 , β =
√

1− 1
τ , C ≃ 1

σBorn =
4πα2βC

3q2

(

1 +
1

2τ

)

|G(q2)|2

|G(q2)|2 =
2τ |GM (q2)|2 + |GE(q

2)|2

2τ + 1

Calculations: GR, MT Peña and K Tsushima PRD 101, 014014 (2020)

Ignore imaginary components and relative phases (very large q2)

Data: CLEO (q2 = 14, 17 GeV2); New: BES III 2020, 2021, ..., 2025, 2026
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Hyperon elastic form factors at large q2 (e+e− → BB̄)
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New BES III data: Λ (2021); Ξ− (2020, 2023); Σ+ (2024); Ξ0 (2024); Σ0 (2025)

Σ+, Σ0, Λ, Ξ−, Ξ0: PRL 124, 032002 (2020); PLB 814, 136110 (2021); JHEP 11, 228 (2023);

PRD 109, 034029 (2024); PRD 111, L051502 (2025); CLEO, PRD 96, 092004 (2017);

GR, MT Peña, K Tsushima and MK Cheoun, PLB 858, 139060 (2024) – Good agreement q2 > 15 GeV2
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Hyperon elastic form factors at large q2 (e+e− → BB̄)
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New BES III data: Λ (2021); Ξ− (2020, 2023); Σ+ (2024); Ξ0 (2024); Σ0 (2025)

Σ+, Σ0, Λ, Ξ−, Ξ0: PRL 124, 032002 (2020); PLB 814, 136110 (2021); JHEP 11, 228 (2023);

PRD 109, 034029 (2024); PRD 111, L051502 (2025); CLEO, PRD 96, 092004 (2017); Σ− preliminary data (2026)

GR, MT Peña, K Tsushima and MK Cheoun, PLB 858, 139060 (2024) – Good agreement q2 > 15 GeV2
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Hyperon elastic form factors at large q2: Σ−

BESIII, arXiv 2602.23835 [hep-ex]

preliminary data
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BESIII data & Model: |G(Σ+)| > |G(Σ0)|

BESIII data: |G(Σ−)| > |G(Σ+)| !! Model prediction: |G(Σ0)| > |G(Σ−)|
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Hyperon elastic form factors at large q2: Σ−

BESIII, arXiv 2602.23835 [hep-ex]

preliminary data
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BESIII data & Model: |G(Σ+)| > |G(Σ0)|

BESIII data: |G(Σ−)| > |G(Σ+)| !! Model prediction: |G(Σ0)| > |G(Σ−)|

Lower limit compatible with Model

More precise data is needed for definitive conclusions
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Hyperon ratios |GE/GM |

Model calculations for |GE |/|GM | (real functions): much smaller than data

Σ+, Λ: Data from BESIII 2021, 2022, 2023, 2025 & BaBar

PLB 814, 136110 (2021) PRD 105, L011101 (2022); PRL 132, 081904 (2024); PRL 135, 191902 (2025)

Model not comparable with data OR Data not at the range of the calculations (large q2)
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Hyperon ratios |GE/GM | — Model vs Data BES III

Model calculations valid for the limit Im(GE) = 0, Im(GM ) = 0

Data (real and imaginary parts): GE

GM
= |GE |

|GM |e
i∆Φ

PRD 105, L011101 (2022), PRL 135, 191902 (2025) PRL 132, 081904 (2024)
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– Uncertanities ∆Φ not included
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Hyperon ratios |GE/GM | — Model vs Data BES III

Model calculations valid for the limit Im(GE) = 0, Im(GM ) = 0

Data (real and imaginary parts): GE

GM
= |GE |

|GM |e
i∆Φ

PRD 105, L011101 (2022), PRL 135, 191902 (2025) PRL 132, 081904 (2024)
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– large q2 data needed to test model
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Hyperon ratios |GE/GM | — Model vs Data BES III

Model calculations valid for the limit Im(GE) = 0, Im(GM ) = 0

Data (real and imaginary parts): GE

GM
= |GE |

|GM |e
i∆Φ

PRD 105, L011101 (2022), PRL 135, 191902 (2025) PRL 132, 081904 (2024)
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q2 too low for conclusions; Test calculations w/ q2 & 20 GeV2
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Hyperon ratios |GE/GM | – Model vs Data – Remarks

Recent result: Λ – phase

Λ form factors BES III

Model: A. Mangoni, et al,
PRD 104, 116016 (2021)
q2 > 10 GeV2

∆Φ = 3π (ei∆Φ = −1)

Model:

Λ Form Factors:
q2 & 10 GeV2
∣

∣

∣
Re

(

GE

GM

)
∣

∣

∣
≈

|GE |
|GM |

Global model for the
octet baryon hyperons
Λ, Σ, Ξ

PRL 135, 191902 (2025)
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Ω− form factors: Model and data

Predictions of Ω− effective FF: GR, PRD 103, 074018 (2021)

Global fit to Ω− data (SL data: weight 96.3%)
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New BES III data: JHEP 2026, 212 (2026) upper limit of |G| = 0 – blue lines
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Outlook and conclusions

Covariant Quark Model developed for spacelike region (q2 = −Q2 < 0)

Describes Lattice QCD (bare) & Physical data (MC dressing)
Model extended to elastic timelike region q2 > 4M2

B

Opportunity to study dynamical structure of hyperons (q2 6= 0)
Large q2 (asymptotic relations)

Unified model for Λ, Σ, Ξ
Predictions for effective FF |G(q2)|: Data q2 & 15 GeV2

Compatible with new q2 data within theoretical bands (Σ− ?)

Predictions for
∣

∣

∣
Re( GE

GM
)
∣

∣

∣
:

Expected slower convergence of model w/ data [neglegible Im(Gℓ)]
Precise data for ∆Φ needed; Promising results for Λ

Model calculations may be tested: q2 & 20 GeV2 data (
∣

∣

∣

GE

GM

∣

∣

∣
, ∆Φ)

Future: nucleon |GE/GM |, Heavy baryons, Inelastic reactions
We have preliminary calculations for e+e− → ΛΣ0 FF

Thank you
gilberto.ramalho2013@gmail.com
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New calculations – Timelike/large-q2 region

Elastic: nucleon |GE/GM |, phase; Heavy baryons Λ+
c ...

Inelastic: ΛΣ0, NN∗, ΞΞ̄(1530) (octet-decuplet), Λ+
c Λ̄c(2625)

−... transition FF
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Outlook and conclusions

Covariant Quark Model developed for spacelike region (q2 = −Q2 < 0)

Describes Lattice QCD (bare) & Physical data (MC dressing)
Model extended to elastic timelike region q2 > 4M2

B

Opportunity to study dynamical structure of hyperons (q2 6= 0)
Large q2 (asymptotic relations)

Unified model for Λ, Σ, Ξ
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Precise data for ∆Φ needed; Promising results for Λ

Model calculations may be tested: q2 & 20 GeV2 data (
∣
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∣

∣
, ∆Φ)

Future: nucleon |GE/GM |, Heavy baryons, Inelastic reactions
We have preliminary calculations for e+e− → ΛΣ0 FF

Thank you
More questions: gilberto.ramalho2013@gmail.com
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Additional Information
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Spacelike and timelike reactions – elastic case
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Formalism
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CSQM: Octet wave function (1)
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CSQM: Octet wave function (2) SU(3) breaking

Gilberto Ramalho Baryon EMFF in the large-q2 region Sevilla, September 8, 2026 27 / 19



CSQM: Photon-Quark coupling [Extra]
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