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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.

Hyperfine structures in quantum mechanics
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Some Possible Ways to Study Composite Systems

Introduction

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 A baryon
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@ Scatter them.
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Introduction

Some Possible Ways to Study Composite Systems

@ Scatter them.

Rutherford « scattering — cross sec-

tion — structure of atom

Most particles

Scattered Particles are undeflected

Circular fluorescent
Screen

Source of
o particles
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Introduction

Some Possible Ways to Study Composite Systems

@ Scatter them. (e.g., ee, ep, up scattering)

et + e~ annihilation — cross section
plot — existence of quarks

Rutherford « scattering — cross sec-

tion — structure of atom

Most particles

Scattered Particles are undeflected
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@ Replace the ingredients of them.
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Some Possible Ways to Study Composite Systems

® Replace the ingredients of them.

(Haiyan’s talk)

Muonic hydrogen — proton charge

radius

- Muonic
Hydrogen Hydrogen
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Introduction

Some Possible Ways to Study Composite Systems

® Replace the ingredients of them.

NA baryons <+ hyperons

(Haiyan’s talk)

Muonic hydrogen — proton charge

radius

~ Electron

o h )
@ @ - bz-l | :l

Proton Proton G n w :

Muonic

Hydrogen Hydrogen ) @ e
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Here we are interested in the electromagnetic form factors of A and X.
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Our aims

Here we are interested in the electromagnetic form factors of A and X.

@ The role plays by strange quark inside baryons.

@ Flavor dependence of strong interactions.
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Here we are interested in the electromagnetic form factors of A and X.
@ The role plays by strange quark inside baryons.

@ Flavor dependence of strong interactions.
® The different yield rate of A and 3 indicates diquark correlations inside them.
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Our aims

Here we are interested in the electromagnetic form factors of A and X.
@ The role plays by strange quark inside baryons.
@ Flavor dependence of strong interactions.
@ The different yield rate of A and X indicates diquark correlations inside them.

@ We don't find explorations of EMFFs of A and ¥ with quark-diquark Faddeev
equation.
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@ Extend the quark-diquark Faddeev equation approach to the strange quark
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Our aims

Here we are interested in the electromagnetic form factors of A and X.
@ The role plays by strange quark inside baryons.
@ Flavor dependence of strong interactions.
® The different yield rate of A and ¥ indicates diquark correlations inside them.

@ We don't find explorations of EMFFs of A and ¥ 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.
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Introduction

Our aims

Here we are interested in the electromagnetic form factors of A and X.
@ The role plays by strange quark inside baryons.
@ Flavor dependence of strong interactions.
® The different yield rate of A and ¥ indicates diquark correlations inside them.

@ We don't find explorations of EMFFs of A and ¥ 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 A and X.

@ The electromagnetic transition form factors for the only baryon octet
transition ¥ — A.
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Quark-diquark Faddeev equation

The quark-diquark amplitude for baryon

";/);?(pa P) = [Fa</7 pd)Da(pd)] [q)?(p’ P)U(P)] NES ]-a 27 3a
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Quark-diquark Faddeev equation

The quark-diquark amplitude for baryon
V7 (p, P) = [I°(1, pa) D°(pa)} [ 27 (p, P)u(P)] ,  i=1,2,3,

a d4k a,
P _/(2 i - K" (k, p, P)G} (k, P)®} (k, P)

G (k, P) = Sj(kq)D°(ka), K3°(k,p, P) =T7(l pa)S"(q)T7(f;, ka) -

Pq

Pd
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Methods

Quark-diquark Faddeev equation

The quark-diquark amplitude for baryon
Vi (p, P) = [L°(], pa) D*(pa)] [®7 (p, P)u(P)] ,  i=1,2,3,

a d4k ab b b
05 —/(2 T K3’ (k, p, P) G/ (k, P)®7 (k, P),

G (k, P) = Sj(kq)D°(ka), K3°(k,p, P) =T7(l pa)S"(q)T7(f;, ka) -

ingredients
quark propagators, diquark propagators, diquark amplitudes.
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Methods

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

ZZJ?(Pa P) = [Fa(lv pd)Da(pd>] [(I),a(p’ P)U(P)] EEES 17 2a 3a

a d4k ab b b
05 —/(2 T K3’ (k, p, P) G/ (k, P)®7 (k, P),

G (k, P) = Sj(kq)D°(ka), K3°(k,p, P) =T7(l pa)S"(q)T7(f;, ka) -

ingredients
quark propagators, diquark propagators, diquark amplitudes.

v/ Simplify the Faddeev equation
greatly.

v/ QCD kindred quark and diquark
propagators.

v/ analytic form, easy to perform
analytic continuation.
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Electromagnetic current in quark-diquark Faddeev
equation

quark - photon

@ quark-photon vertex

The Spacelike Electromagnetic Form Factors of Lami Sep. 21, 2023 10/19



Electromagnetic current in quark-diquark Faddeev
equation

quark - photon diquark - photon

@ quark-photon vertex

@ diquark-photon
vertex
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Methods

Electromagnetic current in quark-diquark Faddeev
equation

quark - photon diquark - photon exchange quark - photon

@ quark-photon vertex

@ diquark-photon
vertex
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Methods

Electromagnetic current in quark-diquark Faddeev
equation

quark - photon diquark - photon exchange quark - photon

diquark amplitude - pho- @ quark-photon vertex
ton

@ diquark-photon
vertex

® seagull vertex
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Methods

Electromagnetic current in quark-diquark Faddeev
equation

quark - photon diquark - photon exchange quark - photon

diquark amplitude - pho- J conjugated diquark am- IGYRTPETAE NI INRVR IS

litude - phot
PltUaE = photon @ diquark-photon

vertex

® seagull vertex

@ seagullbar vertex
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Methods

Electromagnetic current in quark-diquark Faddeev
equation

quark - photon diquark - photon exchange quark - photon

diquark amplitude - pho- J conjugated diquark am- IGYRTPETAE NI INRVR IS

litude - phot
PltUaE = photon @ diquark-photon

vertex

® seagull vertex

@ seagullbar vertex

@ A great simplification in Faddeev equation.
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Methods

Electromagnetic current in quark-diquark Faddeev
equation

quark - photon diquark - photon exchange quark - photon

diquark amplitude - pho- J conjugated diquark am- IGYRTPETAE NI INRVR IS

litude - phot
PltUaE = photon @ diquark-photon

vertex

® seagull vertex

@ seagullbar vertex

@ A great simplification in Faddeev equation.

@ A great difficulty in electromagnetic current too!
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I,
Mass spectrum
L} # Poa

1.7f

§ Faddeev :
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Mass spectrum

1.8} ¢ PDG
1.7f

§ Faddeev :

@ The masses are consistent
with the experimental
values.
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Mass spectrum

@ The masses are consistent
with the experimental
values.

18 & PDG
¢ Faddeev :

@ In the isospin symmetry
assumption, it is the
diquark correlations lead to
the mass split between A
and X.

L L L L L . L
1/2+ A B8/2+ A1/2+ 1/2+ 3/2+ =1/2+ 3/2+
Nojo Arzzz MAiie Zites Zisss  Zis15  Sier2
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Mass spectrum

18 & PDG
¢ Faddeev :

1.0F T

0.9} ;IL
1/2+ 3/2+ 1I2+ 1‘2+ 3.2+ —1I2+ 3.2+
N94/0 A1£32 AI{IG z:1{93 z:11485 :1415 Qlé72

'The Spacelike Electromagnetic Form Factors of Laml

@ The masses are consistent
with the experimental
values.

@ In the isospin symmetry
assumption, it is the
diquark correlations lead to
the mass split between A
and X.

@ The masses are sensitive to
the masses of diquarks.
But EMFFs is not sensitive
to them.
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Elastic EMFFs of A

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

0.00
—0.01 et :
—0.02

2
& 003

—0.04

—0.05 —e—q-dg-Faddeev

_0.06 —-— qqq-Faddeev

2 3 4
Q*GeV?

@ The electric charge radius

<r%5>q-dq ~ <’%>qqq'
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Elastic EMFFs of A

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

0.00 0.0

—0.01 et :

—0.02
R

& —0.03

—0.04

—0af® / —e—q-dg-Faddeev
—-—qqq-Faddeev / —-—qqq-Faddeev

—0.05 —e—q-dq-Faddeev

—0.06
-0.5

3 4 0 1

3 4

2 2
Q*/GeV? Q*/GeV?

@ The electric charge radius
<'%>q-dq ~ <'2‘5>qqq'
@ The magnetic charge radius

It <R e
< M>q—dq M7 qaq
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Elastic EMFFs of A

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

0.00 0.0

—0.01 e .

—0.02
R
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—0af® / —e—q-dg-Faddeev
—-—qqq-Faddeev / —-—qqq-Faddeev

—e—q-dqg-Faddeev

—0.06
-0.5

3 4 0 1

3 4

2 2
Q*/GeV? Q*/GeV?

@ The behaviors of elastic EMFFs are
similar.

@ The electric charge radius
<'%>q-dq ~ <'2‘5>qqq'

@ The magnetic charge radius

It <R e
< M>q—dq M7 qaq
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Results

Elastic EMFFs of A

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

0.00 o A~ -
—0.01 P B T
—0.02
6“70.03
—0.04
—0.05 —e—q-dg-Faddeev —0.4 /./' —e—q-dg-Faddeev
—0.06 —-—qqq-Faddeev s / —-— qqg-Faddeev
0 1 2 3 4 ’ 0 1 2 3 4
Q*GeV? Q*GeV?
0-00 —e—q-dg-Faddeev . .
@ The behaviors of elastic EMFFs are
—0.02 . .
s similar.
Q—O.OA& . .
3 @ The electric charge radius
* —
ES 0.06 <’2E>q-dq ~ <r2E>qqq'
~0.08 @ The magnetic charge radius
<r%/’>q—dq < <r%/’>qqq'

o 1 P 4
Langtian Liu (Langtian.Liu@ il i-gi ()N The Spacelike Electromagnetic Form Factors of Laml Sep. 21, 2023 13/19




Elastic EMFFs of 1, X0 ¥~

10 4 Lattice2009 25 4 Lattice2009 L0 —e—q-dq-Faddeev
03] —e—q-dq-Faddeev —e—q-dg-Faddeev o
. 8
—-—qqq-Faddeev —-—qqq-Faddeev 5
0.6 - SR MD O 0.6]
& + Lattice2014 * PDG By
0 + Lattice2014 Qo4
3
0.2 0.2
Tl
0.0 N e 0.0,
0 2 4 0 2 4 o 2 4
Q*/GeV? Q*/GeV? Q*/GeV?
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Elastic EMFFs of X", XY ¥~

10 A Lattice2009 25 A Lattice2009 L0 ——q-dq-Faddeev
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Elastic EMFFs of X", XY ¥~

1o 4 Lattice2009 4 Lattice2009
os ——q-d-Faddeev ——q-dg-Faddeev
: —-— qqq-Faddeev \| — qqq-Faddeev
0.6 VMD
Gl * Lattice2014
0.4
0.2
0.0
0 0 b1 i
Q¥GeV?
.00
00 —e—q-dg-Faddeev
—0.01 —-— qqq-Faddeev
—0.02
©—0.03
—0.04
—0.05
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o007 —-— qqq-Faddeev
0 T 3 3 H
Q*GeV?
0.0]
g
0.2 = —0.2
—0.4
N —0.4 X 4 Lattice2009
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2
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~0.05
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—0.35
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2
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Results

Elastic EMFFs of X", X" ¥~

d Ge(Q%) d Gu(Q%)
<r?:'> dQQ GE( ) Q2=0, <r12\/l> dQQ GM( ) Q2=0'
A i 30 5o
rg) | 0.036(14) | 0.469(9) | 0.068(9) | 0.353(26)
{"E)ppg - - - 0.61(15)
< %) | 0.120(76) | 0.374(41) [ 0.201(169) | 0.459(122)
-0.390(3) [ 2.422(180) [ 0.630(48) [ -1.145(106)
upDG -0.613(4) | 2.458(10) - -1.160(25)

@ Our quark-diquark description of ¥ 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 ¥ and X~ behave differently.

@ This difference is as a result of diquark correlations (notice the tendency from
¥t -0 5 v
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Electromagnetic transition form factors of ¥ — A

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

0.04

0.03

0.02

0.01

Gp

0.00

—0.01 —e—q-dg-Faddeev
—-—qqq-Faddeev

—0.02

0 1 2 3 4
Q2

@ The large numerical error near Q* = 0.

@ The Gg decreases slowly — localized
electric transition.
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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 A and X. We get a good agreement with
lattice QCD and other theoretical methods.

We calculate the electromagnetic transition form factors of X0 — A. They
have the same behavior as that from 3-body Faddeev equation.

In the following, we will calculate the electromagnetic transition form factors
of % — A in the timelike region.

We will compare the electromagnetic form factors of A — N and
¥*(1385) — A
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-
Quark and diquark propagators

. Oy o
5(p) = _’PUV(P2) + Js(p2) ) Oy = ﬁ ) O0s = Xs )
where
_ 1 9 1 — exp[—¥]
AN = g L= F 20t )] F( = ——2,
2
Fo(x) = 2mF (2(x+ m?)) + F(byx)F(bsx) [bo + boF(ex)] ,  x= % :
Aud My by’ by by’ by €
0.566 | 0.00897 | 0.131 2.90 0.603 0.185 | 0.0001
e e b, b bS b5
0.817556 | 0.223 | 0.198323 | 1.19203 | 0.202049 | 1.19204
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Quark and diquark propagators
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NN
Diquarks

Diquark propagators:

1
Ve

v B L ktK 1 9
DY (k) = <g“ +W> W]:(kz/w1+)a

D0+ (k) -

]-'(k2/w(2)+) ,

1
wgp = 5”’7_2];: .
e+ (1, pa) = igo+ys * Cx .7-'(/2)/\3,
L3 (1, pg) = igr+y™ x Cx F(P)X?,

o = = = =
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