
.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

The Spacelike Electromagnetic Form Factors of Lambda
and Sigma in Quark-Diquark Faddeev Equation

Langtian Liu

University of Giessen

Sep. 21, 2023

International School of Nuclear Physics 44th Course
— From quarks and gluons to hadrons and nuclei

September 18-24, 2023, Erice, Sicily Italy

Langtian Liu (Langtian.Liu@physik.uni-giessen.de) The Spacelike Electromagnetic Form Factors of Lambda and Sigma in Quark-Diquark Faddeev EquationSep. 21, 2023 1 / 19



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Table of Contents

1 Introduction

2 Methods

3 Results

4 Conclusion and outlook

Langtian Liu (Langtian.Liu@physik.uni-giessen.de) The Spacelike Electromagnetic Form Factors of Lambda and Sigma in Quark-Diquark Faddeev EquationSep. 21, 2023 2 / 19



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Introduction

Table of Contents

1 Introduction

2 Methods

3 Results

4 Conclusion and outlook

Langtian Liu (Langtian.Liu@physik.uni-giessen.de) The Spacelike Electromagnetic Form Factors of Lambda and Sigma in Quark-Diquark Faddeev EquationSep. 21, 2023 3 / 19



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Introduction

Some Possible Ways to Study Composite Systems
In the development of modern physics, some ways to study composite systems and
interactions:

¬ Excite them.
Many interaction details are encoded in the excited states.

(Gernot, Markus
and Ulrike’s talk)

Mass spectrum in N and ∆ baryon
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Introduction

Some Possible Ways to Study Composite Systems

­ Scatter them.

(e.g., ee, ep, µp scattering)
Rutherford α scattering → cross sec-
tion → structure of atom

e+ + e− annihilation → cross section
plot → existence of quarks

5 52. Plots of Cross Sections and Related Quantities

52.3 σ and R in e+e− Collisions
σ and R in e+e− Collisions
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Figure 52.2: World data on the total cross section of e+e− → hadrons and the ratio R(s) = σ(e+e− →
hadrons, s)/σ(e+e− → µ+µ−, s). σ(e+e− → hadrons, s) is the experimental cross section corrected for initial state
radiation and electron-positron vertex loops, σ(e+e− → µ+µ−, s) = 4πα2(s)/3s. Data errors are total below 2 GeV
and statistical above 2 GeV. The curves are an educative guide: the broken one (green) is a naive quark-parton model
prediction, and the solid one (red) is 3-loop pQCD prediction (see “Quantum Chromodynamics” section of this
Review, Eq. (9.7) or, for more details [99], Breit-Wigner parameterizations of J/ψ, ψ(2S), and Υ (nS), n = 1, 2, 3, 4
are also shown. The full list of references to the original data and the details of the R ratio extraction from them can
be found in [100]. Corresponding computer-readable data files are available at http://pdg.lbl.gov/current/xsect/.
(Courtesy of the COMPAS (Protvino) and HEPDATA (Durham) Groups, August 2019. Corrections by P. Janot
(CERN) and M. Schmitt (Northwestern U.))

21st May, 2020 7:49pm
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Introduction

Some Possible Ways to Study Composite Systems

® Replace the ingredients of them.

(Haiyan’s talk)
Muonic hydrogen → proton charge
radius

N∆ baryons ↔ hyperons
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Introduction

Our aims
Here we are interested in the electromagnetic form factors of Λ and Σ.

¬ The role plays by strange quark inside baryons.
­ Flavor dependence of strong interactions.
® The different yield rate of Λ and Σ indicates diquark correlations inside them.
¯ We don’t find explorations of EMFFs of Λ and Σ with quark-diquark Faddeev

equation.
° Preparation for the future hyperon electromagnetic transition form factors.

We did:
¬ Extend the quark-diquark Faddeev equation approach to the strange quark

sector.
­ The mass spectrum of some baryon octet and decuplet in quark-diquark

Faddeev equation.
® The elastic EMFFs of Λ and Σ.
¯ The electromagnetic transition form factors for the only baryon octet

transition Σ → Λ.
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¯ We don’t find explorations of EMFFs of Λ and Σ with quark-diquark Faddeev

equation.
° Preparation for the future hyperon electromagnetic transition form factors.

We did:
¬ Extend the quark-diquark Faddeev equation approach to the strange quark

sector.
­ The mass spectrum of some baryon octet and decuplet in quark-diquark

Faddeev equation.
® The elastic EMFFs of Λ and Σ.

¯ The electromagnetic transition form factors for the only baryon octet
transition Σ → Λ.
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Methods

Quark-diquark Faddeev equation
The quark-diquark amplitude for baryon

ψa
i (p,P) = [Γa(l, pd)Da(pd)] [Φ

a
i (p,P)u(P)] , i = 1, 2, 3 ,

Φa
i =

∫ d4k
(2π)4

Kab
ij (k, p,P)Gb

j (k,P)Φb
j (k,P) ,

Gb
j (k,P) = Sj(kq)Db(kd) , Kab

ij (k, p,P) = Γ̄a
i (li, pd)ST(q)Γb

j (lj, kd) .

ingredients
quark propagators, diquark propagators, diquark amplitudes.
4 Simplify the Faddeev equation

greatly.
4 QCD kindred quark and diquark

propagators.
4 analytic form, easy to perform

analytic continuation.

P
p =

P
k

pq

pd
kq

kd pq

pd

Γ

Γ

q
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Methods

Electromagnetic current in quark-diquark Faddeev
equation

quark - photon

diquark - photon exchange quark - photon

diquark amplitude - pho-
ton

conjugated diquark am-
plitude - photon

¬ quark-photon vertex

­ diquark-photon
vertex

® seagull vertex
¯ seagullbar vertex

A great simplification in Faddeev equation.
A great difficulty in electromagnetic current too!
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Results

Mass spectrum

The masses are consistent
with the experimental
values.
In the isospin symmetry
assumption, it is the
diquark correlations lead to
the mass split between Λ
and Σ.
The masses are sensitive to
the masses of diquarks.
But EMFFs is not sensitive
to them.
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Results

Elastic EMFFs of Λ

H.Alepuz, C.Fischer, Eur.Phys.J.,A52,34

The behaviors of elastic EMFFs are
similar.

The electric charge radius〈
r2E
〉

q-dq ∼
〈
r2E
〉

qqq.

The magnetic charge radius〈
r2M

〉
q-dq <

〈
r2M

〉
qqq.
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Results

Elastic EMFFs of Σ+,Σ0,Σ−

〈
r2E
〉
= −6

d
dQ2

GE(Q2)

GE(0)

∣∣∣∣
Q2=0

,
〈
r2M

〉
= −6

d
dQ2

GM(Q2)

GM(0)

∣∣∣∣
Q2=0

.

Λ Σ+ Σ0 Σ−〈
r2E
〉

0.036(14) 0.469(9) 0.068(9) 0.353(26)〈
r2E
〉

PDG - - - 0.61(15)〈
r2M

〉
0.120(76) 0.374(41) 0.201(169) 0.459(122)

µ -0.390(3) 2.422(180) 0.630(48) -1.145(106)
µPDG -0.613(4) 2.458(10) - -1.160(25)

Our quark-diquark description of Σ is quite well.
All the theoretical predictions agree
qualitatively.(Z.Li,J.Xie,Commu.Theo.Phys.,73,055201;P.Shanahan,et.al,Phys.Rev.,D90,034502
H.Lin,K.Orginos,Phys.Rev.,D79,074507.)
The ratios of EMFFs for Σ+ and Σ− behave differently.
This difference is as a result of diquark correlations (notice the tendency from
Σ+ → Σ0 → Σ−).
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Results

Electromagnetic transition form factors of Σ0 → Λ

H.Alepuz, R.Alkofer, C.Fischer, Eur.Phys.J.,A54,41;

Similar behaviors.

The large numerical error near Q2 = 0.
The GE decreases slowly → localized
electric transition.

GM,q-dq < GM,qqq and they meet in
medium momentum region.
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Conclusion and Outlook

¨ We extended the Poincaré-covariant quark-diquark Faddeev equation
approach to strange quark sector.

¨ We obtain a mass spectrum consistent with experimental values.

¨ We calculate the elastic EMFFs of Λ and Σ. We get a good agreement with
lattice QCD and other theoretical methods.

¨ We calculate the electromagnetic transition form factors of Σ0 → Λ. They
have the same behavior as that from 3-body Faddeev equation.

P In the following, we will calculate the electromagnetic transition form factors
of Σ0 → Λ in the timelike region.

P We will compare the electromagnetic form factors of ∆ → N and
Σ∗(1385) → Λ
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THANK YOU!
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Quark and diquark propagators

S(p) = −i/pσv(p2) + σs(p2) , σv =
σ̄v
λ2

, σs =
σ̄s
λ
,

where

σ̄v(x) =
1

x + m̄2

[
1−F

(
2(x + m̄2)

)]
, F(x) = 1− exp[−x]

x ,

σ̄s(x) = 2m̄F
(
2(x + m̄2)

)
+ F(b1x)F(b3x) [b0 + b2F(ϵx)] , x =

p2

λ2
,

λu,d m̄u,d bu,d
0 bu,d

1 bu,d
2 bu,d

3 ε
0.566 0.00897 0.131 2.90 0.603 0.185 0.0001
λs m̄s bs

0 bs
1 bs

2 bs
3

0.817556 0.223 0.198323 1.19203 0.202049 1.19204
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Quark and diquark propagators
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Diquarks

Diquark propagators:

D0+(k) =
1

M2
0+

F(k2/ω2
0+) ,

Dµν
1+(k) =

(
gµν +

kµkν
M2

1+

)
1

M2
1+

F(k2/ω2
1+) ,

ω2
JP =

1

2
m2

JP .

Γa
0+(l, pd) = ig0+γ5 ∗ C ∗ F(l2)λa ,

Γa,µ
1+ (l, pd) = ig1+γµ ∗ C ∗ F(l2)λa ,
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