JLU

NEUE WEGE.SEIT 1607

JUSTUS-LIEBIG-
T UNIVERSITAT
GIESSEN

HFHF

Helmholtz Forschungsakademie Hessen fur FAIR

(Transition) Form factors

of light and strange baryons

Reviews: Eichmann, Sanchis-Alepuz, Williams, Alkofer, CF, PPNP 91, 1-100[1606.09602]
Ramalho and Pena, to appear in PPNP, [2306.13900]

Christian S. Fischer (University of Giel3en) Baryon spectra and form factors



Light baryon spectrum - quark model

2500 — —
1 exXp ;; B A exp -
=l ——I —— = 306 |="—— 20 _.
— | — sl = B
— a— »
S - o
i L mo“
2 —_— — 1680 700;
% ) —8 s B =
2 —
1520
1500 — 1540 =
RO nul
resonance
1000 —
G939
In 172+ 3/2- 5/2- 7/2-

® level ordering: N, vs. N,

Christian S. Fischer (University of Giel3en)

Baryon spectra and form factors

Loring, Metsch, Petry, EPJA 10 (2001) 395

® ‘missing resonances’: three-body vs. quark-diquark




Physics from form factors
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important info: charge, charge radii, magnetic moments
(proton radius puzzle....)
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dispersion theory
ChPT
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Physics from form factors
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lattice QCD
functional methods
models

dispersion theory
ChPT

important info: charge, charge radii, magnetic moments
(proton radius puzzle....)
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Extracting spectra from correlators
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® exact equation for baryon ‘wave function’

Christian S. Fischer (University of Giel3en) Baryon spectra and form factors



Three-body vs. Diquark-quark approximation

Bethe-Salpeter equation for baryons:

D-=-2D0-3D-0D+ BD
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Three-body vs. Diquark-quark approximation

Bethe-Salpeter equation for baryons:

D-.D-\D 1D
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Three-body vs. Diquark-quark approximation

Bethe-Salpeter equation for baryons:
D-.D-%¥D-1D-
i - L ,

Diquark-quark approximation:

-2

— |attice: talk of Anthony Francis

Eichmann, Sanchis-Alepuz, Williams, Alkofer, CF, PPNP 91 (2017), [1606.09602]
Barabanoy, ..., Eichmann, et al. PPNP, 116 (2021),[2008.07630].
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Three approximation schemes
Quark-diquark DSE (RL)
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Barabanoy, ..., Eichmann, et al. PPNP, 116 (2021).
Lattice: Francis, de Forcrand, Lewis and Maltman, JHEP 05 (2022), 062
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Three approximation schemes

Quark-diquark DSE (RL)
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Barabanoy, ..., Eichmann, et al. PPNP, 116 (2021).
Lattice: Francis, de Forcrand, Lewis and Maltman, JHEP 05 (2022), 062
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Dyson-Schwinger equations - “3PIl vs RL”
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CF, Alkofer, PRD67 (2003) 094020
Williams, CF, Heupel, PRD93 (2016) 034026
Huber, PRD 101 (2020) 114009
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Dyson-Schwinger equations - “3PIl vs RL”
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Dyson-Schwinger equations - “3PIl vs RL”
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Dyson-Schwinger equations - “3PIl vs RL”
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Dyson-Schwinger equations - “3PIl vs RL”
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Dyson-Schwinger equations - “3PIl vs RL”
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Dyson-Schwinger equations - “3PIl vs RL”
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Dyson-Schwinger equations - “3PIl vs RL”
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DSE/BSE/Faddeev landscape (2015)

level of complexity
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DSE/BSE/Faddeev landscape

level of complexity
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DSE/BSE/Faddeev landscape
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Light baryon spectrum:
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® spectrum in one to one agreement with experiment
® correct level ordering (without coupled channel effects...)
® three-body agrees with diquark-quark where applicable
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Light baryon spectrum: DSE-RL 3 parameters + my;
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| need:
| ‘good’ scalar diquark

® spectrum in one to one agreement with experiment
® correct level ordering (without coupled channel effects...)
® three-body agrees with diquark-quark where applicable
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Light baryon spectrum: DSE-RL 3 parameters + my;
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| need:
| ‘good’ scalar diquark

| ‘bad’ axialvector dq

® spectrum in one to one agreement with experiment
® correct level ordering (without coupled channel effects...)
® three-body agrees with diquark-quark where applicable
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Light baryon spectrum: DSE-RL
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® spectrum in one to one agreement with experiment
® correct level ordering (without coupled channel effects...)
® three-body agrees with diquark-quark where applicable
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Strange baryon spectrum: DSE-RL (preliminary !)
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Strange baryon spectrum: DSE-RL (preliminary !)
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Strange baryon spectrum: DSE-RL (preliminary !)
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Strange baryon spectrum: DSE-RL (preliminary !)
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Strange baryon spectrum: DSE-RL (preliminary !)
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Strange baryon spectrum: DSE-RL (preliminary !)
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Strange baryon spectrum: DSE-RL (preliminary !)
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Sarantsev, Matveey, et al EP] A 55 (2019) 10, 180 Sanchis-Alepuz, CF, PRD 90 (2014) 09600
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Strange baryon spectrum: DSE-RL (preliminary !)

2.2
2.0 2.2 -
1.8 4 ! 2.0
A(1690) | = -
- n 1.8 £(1820)
— A(1520) | ]

1.6 1
1.4 - - %(1530)

1.4 1
12- - E(1320)

—
1.2 1

5 1+ 1- 3+ 3~
g 2 2 2 2
""" 22-'
2.0 N , ’ b 3 , :_;','.(2‘ F. 3 : i l
¥~ | | | ] l 0(2470)? — — ,
187 247 [ 0(2380)?
== ()(2250)?
1.6 2.0-
1.4 - — 1 qaq
Z(1385) - == 0(1672) =1 Gtk
P PDG **
7 == £(1190) ; A
T — ; 1.2 - 777777 PDG ****
— — + 1— 3+ 3—
1+ 1 3+ 3 1 4 S 3
2 2 2 2 2 : Eich ¥ CEF Bd2$ 60 (2019 l,2
Bonn-Gatchina (talk of M. Matveev, NSTAR 2019) oF I;";";;nn’Pz‘s’vH:dr);nY;g” ((20| 8)) 00
Sarantsev, Matveey, et al EP] A 55 (2019) 10, 180 Sanchis-Alepuz, CF, PRD 90 (2014) 09600
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Strange baryon spectrum: DSE-RL (preliminary !)

2.2
2.0 2.2 -
1.8 4 ! 2.0
A(1690) | = -
- n 1.8 £(1820)
— A(1520) | ]

1.6 1
1.4 - - %(1530)

1.4 1
12- - E(1320)

—
1.2 1

i 1+ 1- 3+ 3~
g 2 2 2 2
""" 22-'
2.0 N , ’ b 3 , :_;','.(2‘ F. 3 : i l
: & | | \ ] l Q(2470)? — o »
184 2.4 1 ] Q(2380)?
== ()(2250)?
1.6 2.0-
1.4 J. pr— D qqq9
£(1385) 6. =3 0(1672) B adq
P PDG **
124 == Z(1190) g 772 PDG ***
R — ; 1.2 - 777777 PDG ****
- - + 1- 3+t 3~
1+ 1 3+ 3 1 1 3 3
2 2 2 2 2 : Eich : CEF Bd2$ 60 (2019 l,2
Bonn-Gatchina (talk of M. Matveev, NSTAR 2019) C||C= E:c ?r:;nn,Pz\sNH:dr);ny;gl7 ((20|8))0"0°7' ’
Sarantsev, Matveey, et al EP] A 55 (2019) 10, 180 Sanchis-Alepuz, CF, PRD 90 (2014) 09600
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Extracting form factors from correlators

2
x3 — —= y3 2 ’ x3 — Z — = y3
Pi —F—miz
x; = (4 —< )2 > X2 -<—>"" ""<_“ Y2 DSE/BSE

e D, i x§>---<§.f-<}y Lattice

Form factor from BSEs (derived from equation of motion for G and ‘gauging’)

- @D CZD - CD - CED

® exact equation for baryon form factors
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Quark-photon vertex and pion form factors

Pion form factor:
L B

QZ

Ball-Chiu >
_AM2 0 + transverse Q 2
- o | | 2] | T LS I
O Amendolia et al,
O Ackermannecal.
'I-[ O Brauel etal,
]-[ O Tudevosyun et al,
Hom et al.
O  Barkovetal

IE Q)

—— DSE calculaton

| I

lllllllll

]0' 1 L 1

2 25

3

Krassnigg, Schladming 201 |; Maris, Tandy NPPS 161, 2006

Vector meson poles dynamically generated!
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Quark-photon vertex and pion form factors

Pion form factor:

L B S

2 .
Q Ball-Chiu >
—4M2 0 + transverse Q 2
- . ) I I 1 LI I 1 L B I 1 | { l I | I I 1 T I I I I
excluded region O Amendolisetl,
O Ackermannecal.
]-[ O Brauel etal,
]-[ O Tudevosyun et al,
Hom et al.
O Barkovetal.

—— DSE calculaton

IE Q)
|

]0' —

Krassnigg, Schladming 201 |; Maris, Tandy NPPS 161, 2006

Vector meson poles dynamically generated!
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Nucleon emFF and magnetic moments (three-body)

1.0

08

06

04

0.2 -

0.10
p ¥ Crawford - - n
Ge (Q%)  fon I 008 1 Ge (Q%)
® Zhan : L
* Pa:Ione

| tb% .

Y Geis
¢ Passchier, Herberg,
Zhu, Bermuth, Warren

¥ Plaster/Madey

2SR - Isovector (p-n), isoscalar (p+n):

5 — 1 ' T ' T T T T T
002 A | l
0.00 S ) ; K’ [MN] -
1 2 3 0 1 2 3 4 5 6 :
- 2 . ST SN
1Gr (@) Fon | ] L _
A e ] |
1 £ Rock - 0 ;‘;;%_giaz F -
-10.0 | O.I1 | 0.I2 | O.I3 | 0.l4 | OIS 0.6
mz [GeV?]
1 2 3 OO 1 I2 3
QZ/MZ QZ/MZ
o missing pion cloud effects Eichmann, PRD 84 (201 1)
® similar for axial form factors Eichmann and CF, EP] A48 (2012) 9
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Nucleon emFF (all approaches)

proton

- -« = Empirical
—(-dg-model

——qqq-RL
----g-dg-RL

-« == Empirical
—(-dg-model
——qqq-RL

Christian S. Fischer (University of Giel3en)

neutron
0.08
-« == Empirical
0.06f . —(-dg-model
:. '0..’ __qqq_RL
0.04} * ----g-dg-RL
QJ n
0.02} T = T e
0.00 ——
0 1 2 3 4
Q*/M?
0.0F s mswnaee
—0.5[
O —1.0f -« - Empirical
—(-dg-model
—1.5 —-—qqqg-RL
----0-dg-RL
—205 1 2 3 4
Q*/M?*

Liu and CF, arXiv:2311.13269
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Nucleon axFF and gA (three-body VS. q dq model)

three-body: ™

0.4

0.2

0.0

1.2

Lattice:
RBC/UKQCD (Yamazaki‘09)

® m,=329MeV

B m,=416MeV
ETMC (Alexandrou‘11)

A m,=298MeV

Alexandrou et al.

Jang et al.

1.2

x=Q%/m3,

1.4 | ! ' ! | ! !

ga

/*’ Tk

iy
2t Z .
N § 5

| .

1.0 F .
1 DSE/Faddeev
z==+ ChPT (Procura‘07)
0.8 N | 1 | 1 1 N | 1 |
0.0 0.1 0.2 0.3 0.4 0.5
m.z [GeV?]
Eichmann and CF, EP] A48 (2012) 9
q-dq | —k
Faddeevs | —je—
MuCap = ® '
Alexandrouy ' X
Jangl : L 4
Balid i ' x
Bali, [ = x
6 7
*
gp/ ga

Chen, CF, Roberts and Segovia, PLB 815 (2021), 136150, PRD 105 (2022) no.9, 094022
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A: EM form factors

12 ' I ; I ; 4.0 : I ; I
1.0 - ] .
DSE/BSE Lattice
| Gro(Q%) a0 Gum1(Q%) —
08 | . - - Bl qqq My [MeV]
06 . 20 - I . [ ] g-dq 4 691
_ . _ - | $ 509
04 |- x . - . I I % 384
I . ] ok i
$ 353
02 F & ¢ - i .
0.0 , L R Kl 0.0 1 1 Tt G gt gt g
0.0 0.5 1.0 1.5 0.0 0.5 1.0 15
Q*/M% Q*/Mj
0.5 ; — ; ; 0.8 - l ; l ' 5 —— 84—+ —
4t | -
) i “—
3T Gm1(0) | I
! \ a5 | _
| ‘ s ]
- Gus(0) |
1 1 * E T 0 ‘ 1 . 1 1 . 1 ‘ 1
-1.5 X “2 — ' | 2 i I ; G O :
GEZ(Q ) | _ GM3(Q ) i 1k £2(0) ‘ —
_2'00.0 l 015 l 1 1.0 l 1.5 _0'80.0 | 0.15 | 1 .lo | 15 -20-0 | 01-1 012 01-3 014 015 0.6
Q*/Mj Q*/Mj m,Z [GeV?]

® may serve to distinguish between qqq and g-dq !

Sanchis-Alepuz, Williams, Alkofer, PRD87 (201 3)
Nicmorus, Eichmann, Alkofer, PRD82 (2010)
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NA: axial and pseudoscalar transition FF

1.4 : : . 30
1o — g-dg-model = 25 — q-dg-model .
] — — phen./expt. Kitagaki '> — — herein GT
1.0t = IQCD my, = 297 MeV 8 201 \'y = 1QCD m,, = 297 MeV |
— & 4 1QCD m,, = 330 MeV = 15! ‘\\ L a IQCD m,, = 330 MeV |
X 0.8 e 1QCD m,, = 353 MeV EZ "l'. S e 1QCD m,, = 353 MeV
< = 10 ® ~ '
0.4 % 5¢ ++ 1 .Est*%
0.2 O of | ]
- L LI . - 0.4 08 12 1.6
0 0.4 0.8 1.2 1.6 -2 , :
x = Q*/m* x=Q/m
2.5
2.

3
parity violating asymmetry 2
X

" 1QCD m, = 297 MeV

0.5 A 1QCD m,, = 330 MeV |
0 0.4 0.8 1.2 1.6

X = Q*/m?
® important application: inelastic scattering ;N — [A

Chen, CF and Roberts, arXiv:2312.13724
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Hyperon - charge radii and magnetic moments

(r%) (% 3h <T%>VMD <T125‘>ChPT <’r%>disp <T]25>PDG
A || 0.036(14) | 0.04(1) 0.012 0.11(2) -
YT | 0.469(9) 0.56(3) 0.80(2) 0.60(2) -
»0 1l 0.068(9) | 0.057(8) | 0.10(1) | -0.03(1) -
Y7 || 0.353(26) | 0.45(3) 0.70(2) 0.67(3) 0.61(15)

(rir) (T 3b <T]2\/I>VMD <r%/l>ChPT <T%/1>disp
A 0.120(76) | 0.21(1) 0.18 0.48(9) 0.464(2)
YT 0.374(41) | 0.43(2) - 0.80(5) -
0 || 0.201(169) | 0.39(3) - 0.45(8)
¥~ ] 0.459(122) | 0.50(1) - 1.20(13)

H H3b HMPDG

A -0.390(3) | -0.435(5) || -0.613(4)
Y| 2.422(180) 1.82(2) 2.458(10)
»0 | 0.630(48) | 0.521(1) -
Y7 || -1.145(106) | -0.78(2) || -1.160(25)

® first results in space-like momentum region

Christian S. Fischer (University of Giel3en)
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2.5

2.0
1.5¢
1.0}
0.5}
0.0%

-

—
—— -
it S R —
—a——

—q-dg-model
—qaq-RL
--VMD
*PDG

A | attice2009
% Lattice2014

—

Liu and CF, arXiv:2311.13269




Strange transition emFF (three-body vs g-dg-model)

v*X9 — A @ Considerable theoretical and experimental interest

Ge Gm
0.4}

0.097

0.067

0.03¢
0.00 —q-dg-model
i —-qqg-RL
—0.03f . —1.27. e dispers:
dispersion | dispersion
—1.6[ . . . .
—0.06 1 2 3 4 0 1 2 3 4
Q?%/GeV? Q?*/GeV?
Results:

® G is non-vanishing at finite Q? due to relativistic effects:
p-wave contributions!
(absent in quark model calculations —> Gg=0)

Sanchis-Alepuz, Alkofer and CF, EPJ A 54 (2018) no.3, 41
Liu and CF, arXiv:2311.13269
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Summary and outlook

Summary

® Baryon spectrum: good agreement with experiment!
® Results for up/down, strange (and heavy) quarks

® Relativistic effects for all excited states, for some dominant!

® FF: meson cloud effects vs qqq vs quark-diquark

® Relativistic effects for some FF essential

Outlook

o Meson CIOUCI EffeCtS exploratory calculation: Sanchis-Alepuz, CF, Kubrak, PLB 733 (2014) [1401.3183]

p

b F(Q%)
spacelike:
e N—e N

I I timelike: not
. G O tl m e-l I I(e BIT:—I _e> NN accessible

p”
|
I
|
|

charge,

magnetic moment,...

I
I
I
I
I
I
’ I N\
P I
I
I
I
I
I

— 4?2 0 Q?
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Quantum numbers: non-relativistic vs relativistic

non-relativistic relativistic

Mesons: P = (—1)""!

—_— O = Ol N
—_— O Of| ™
—
|
|
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non-relativistic

Mesons: P = (—1)""!

Quantum numbers: non-relativistic vs relativistic

—_— O = Ol N
—_— O Of| ™
—
|
|

relativistic
j 1
. BetheSalpeter; Liewelyn-Smith 1950ies
—> T(P,p) = 75 [F1 (P, p) S-wave
f F>(P, p)iP
+ F3(P,p)pPip Pp-wave
+ Fy(Pp)[p, Pl
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Quantum numbers: non-relativistic vs relativistic

non-relativistic relativistic
Mesons: P = (—1)""! P = 1
S| L | JrC¢ Bethe Salpeter, Llewelyn-Smith 1950ies
010|077 _’ (P, p) = s [F1( P, p) s-wave
N F>(P, p)iP
1|1 0"t" + F3(P,p)pPip p-wave
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Running quark mass ! - Running QCD !

D-_0YD-4D-BED -T2

gluon quark quark-gluon vertex
Y I L T L B L S B
4 - - 0'4-_£ = Lattice: quenched i ]
o Ng=0, Stembeck etal. (2005) : i . Lattice; unquenched (N =2+1) 2.5 _ _ f 1 _
A N=2, Sternbeck (2015) - TN\ _ . DSE: quenched : - . pf2
3+ ~ - — Ng=0 1 031 ' — DSE: unquenched (N=2) 25
é’%é& —_—— Nf=2 > = C
A 2 L L
R X N 1.5F
oL s & 1 a02p -
=t Tr

0.5 f

—_
I
]
e
p—
I

1 1 1 1 1 1 1 1 I 1 1 1 1 ._;7 :5. - I - 1
.0 1.0 2.0 3.0 4.0
p [GeV] p [GeV]

o
<
(==

Eichmann, Sanchis-Alepuz, Williams, Alkofer, CF, PPNP 91, 1-100 [1606.09602]

® Many running quantities go into calculation of observables

Cloet, Roberts and Thomas, PRL | 1| (2013) 101803
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Properties of the Roper

1 I I I

08 F

Leading amplitude
06 L Several g-values (relative momentum)

04
0.2 |

angular mom. decomposition

0

(‘arb. norm. )

-0.2

% N*(1440) A A*(1600)

s wave @ @ | > |

p wave Q ] '33 % 05 . s 2
— <

d wave p(GeV)
f wave

0.5 Eichmann, CF, Sanchis-Alepuz, PRD 94 (2016)

® zero crossing of wave function: 2s-state
® every state is mixture of several partial waves !

® different internal structure of radial excitations
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Light baryon spectrum: DSE-RL

1+t
M [GeV] 2
20 r .
N(1880)

18

1.6

14

1.2

1.0

2.0

1.8

1.6

14 F

1.2

1.0

N(1710)

=
ezzzn N(1440)

=== N(940)

N(1880)

m[ll N(1710)

B N(1440)

b= N0

1- 3+ 3 3+ 3- 1+ 1-
2 2 2 2 2 2 2
Al N(1895) ¢ Nsoo) [l nas7s) & Av1920) . A A(1910) A(1900)
Al N(1650) 222 N(1720) N(1700) = A(1700) =, A1620)
2. N(1535) = N(1520) 7, A(1600)
] adg
. N g-dq
== A(1232) PDG **
PDG *%k%k
m PDG *kk%k
| N(1895) A(1920) -mllOl
_ell N(1900) o ias) —all.. 41920 mle A¢io10) fla A(1900)
N(1720
. N(1650) —all. NO720) g n(1700) alla_ act700) . A(1620)

alE_. A(1600)
ol N(1535) Je_ N(1520)

b 201232

s p d f

-«— quark
model

Eichmann, CF, Sanchis-Alepuz, PRD 94 (2016) [1607.05748]
Eichmann, CF, Few Body Syst. 60 (2019) no.l, 2
Eichmann, Few Body Syst. 63 (2022) no.3,

relativistic effects !
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3 parameters + Myds

Light baryon spectrum: DSE-RL

N0

A(1700)

N

ﬂa A(1910)

q
N g-dq

PDG **
m PDG *%k%k
m PDG *kkk

Jlo  A(1700)

1+ 1— 53— 3+
M [GeV] 2 2 5 2
20 r
' N(1880) A Nsos) g N1soo) ) nre7s) Ato20) M
18 ' om
6 | N(1710) B, n(1650) 222 N(1720) N(1700) ==
N - 2. Nits3s) == N(1520) A(1600)
“ [ == N(1440)
12 L = A(1232)
1.0 F
—= N(940)
20T 1 n(18s) " atoz0) el
N(1880) L Nasoo) op e
1.8
- =l NO710) I N(1e50) —all. N(720) _pp ni700)
el allm_. A(1600)
| ol N(1535) e N(1520)
1o | HO- N(1440)

12 F

T b= nNee4o)

relativistic effects !

b 201232

Bl= A(1910)

N | =

A(1900)

ezzzz A(1620)

. A¢1900)
olm A(1620)

f

-«— quark
model

Eichmann, CF, Sanchis-Alepuz, PRD 94 (2016) [1607.05748]
Eichmann, CF, Few Body Syst. 60 (2019) no.l, 2

Eichmann, Few Body Syst. 63 (2022) no.3,
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Beyond rainbow-ladder: pion contributions in BSE-kernel:

- DIDLDID .......
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Beyond rainbow-ladder: pion contributions in BSE-kernel:

- DL

Williams, arXiv:1804.1 1161
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Decays: PTUT

Beyond rainbow-ladder: pion contributions in BSE-kernel:

Williams, arXiv:1804.1 1161

O HHRHRHHHHH
T i H RN
Rttt
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Decays: PTUT

Beyond rainbow-ladder: pion contributions in BSE-kernel:

— I
- L X Williams, arXiv:1804.1 1161

Re[s] " —0.8

Non-analytic across BC

-0.4

Re[s] “—08 Branch cut |
Im(s
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Decays: PTUT

Beyond rainbow-ladder: pion contributions in BSE-kernel:

DLDID ...

NN

t

o 1)

NN
\\\\\

Analytically continue
across branch cut to the
second Riemann sheet.

Baryon spectra and form factors
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i\fR
'R ——
1 n Gorm = —
% 0.8 expt. K
9 —
= 0.6 CP-PACS ¢
[—1 ETM O
< 04 7 Lang et al w
= 0. PACS-CS O
4 L | Pelissier et al ©
0.2 | -* - HS e
TN Fahy et al -
0 L 1 | 2 | A - 1 3 1 1 1 1 1 BMW A
0O 0.1 0.2 03 04 05 06 0.7 08 0 0.1 0.2 0.3 0.4 0.5 0.6

my |GeV]| My |CCV]
Williams, arXiv:1804.11 161

® Additional corrections known to increase mass by O(100) MeV

CF and Williams, PRL 103 (2009), 122001

Christian S. Fischer (University of Giel3en) Baryon spectra and form factors



Pion cloud effects

® Hadron level: TN-contributions to nucleon self-energy

® Quark-level: Ti-contributions to quark self-energy and interactions

Pion not an elementary field — BSE!
Setup derived from DSE for quark-gluon interaction!

CF, Nickel and Wambach, PRD 76 (2007) 094009
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Pion cloud effects in light mesons

RL | RL+3¢ | RL+3¢g+7 | PDG

M, || 138 138 138 138
M, || 758 331 300 (76

CFEWilliams, PRL 103 (2009), PRD 78 (2008)

® Attractive effects of pion cloud

® Furthermore: generate decay p — 7w
Williams, accepted by PLB, arXiv:1804.11161
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Pion cloud effects in baryons

— e = —— - - —O—e—0O—

|
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ion cloud effects in baryons

+ Permutations

0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
2 T 11 I L I LI I L I | L 2 11T TP rr 1T 7 17T 1T 1T I 1T 1T 1 I I 1T 1T 1 2
| Lattice N Lattice A ] i ]
u Bratt <o Engel - _ -
1.8 Syritsyn O Alexandrou — 1.8 —1.8

Yamazaki O Gattringer
Alexandrou

VALD

0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
m,? (GeV?) my” (GeV?)
Sanchis-Alepuz, CF, Kubrak, PLB 733 (2014

® fix /\ by fr, vary 1 s.t. fr still ok :
® effects of the order of 50-100 MeV A

® missing: gluon self-interaction effects
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Angular momenta

Baryon spectrum

Quark-diquark with reduced pseudoscalar + vector diquarks: Gk, FBs58(2017)

M [GeV]
20 —mlln
- -L _-ID N(1900) gl N(1875) _.L A(1920) = A(1910) -ll
18 |
T =lll N(1710) iR N(1650) _ull_ N(1720) _mlm N(1700) A(1600) e A(1700) N A(1620)
_ o N(1535) Um_ N(1520)
. L EH_- N(1440)
12 - IIL A(1232)
T Ba Noao)
1+t 1~ 3+ 3~ 3+ 3~ 1t 1~
2 2 2 2 2 2 2 2

Orbital angular o
momentum content: ¢ in nonrelativistic quark model:

N, A ~ s waves, negative-parity states ~ p waves, etc.

e Here: ‘quark-model forbidden’ contributions are always present,
e.g. Roper: dominated by p waves = relativity is important!
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Mass evolution

3.5 I I | | | I T
A BGR <& JLAB
¢ CSSM x % QCD 2
3t B Twisted mass ... Faddeev T i
A
25F 1 7
. 1

M (GeV)
\9
>
M
—rmn g

15} % %

0.5

Eichmann, CF, Sanchis-Alepuz, PRD 94 (2016) [1607.05748]

® Mass evolution as expected for three-body state...
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Rainbow-ladder model for quark-gluon interaction

15

I
+

)
p—y

Combine gluon with quark-gluon vertex:

. . 0 . 0.5 A ‘.I ‘ 15 . 2
effective coupling k? [GeV?]

k2 2 (55) .
2 _ 7 —Tn ) ) Maris, Roberts, Tandy, PRC 56 (1997), PRC 60 (1999)
a(k®) = (F € £+ apy (k7)

® scale A from fr masses my=md, ms from mq Mg
® AUV from perturbation theory
® parameter 7) : band of results

Binosi, Chang, Papavassiliou and Roberts, PLB 742 (2015) 183
Eichmann, Sanchis-Alepuz, Williams, Alkofer, CF, PPNP 91, 1-100 [1606.09602]
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Rainbow-ladder model for quark-gluon interaction
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DSEs and Bethe-Salpeter equation

Kernel K uniquely related to quark-DSE via
axialvector Ward- Takahashi-ldentity (axWVTI):

_i/(K’ya’)S— +KS—|-’V5) — /‘/Y,U/S—FD,UJ/FV/Y5_|_//Y5/Y,UJS—D,UJ/FV

—Pion is bound state and Goldstone boson

Maris, Roberts, Tandy, PLB 420 (1998) 267
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Licht meson spectrum (bRL)

CF, Kubrak,Williams, EPJA 50 (2014) 126
Williams, CF, Heupel, PRD93 (2016) 034026

® nice agreement with experiment (up to scalar)
® exotics as relativistic quark-antiquark states
® drastic improvement beyond rainbow-ladder !
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Licht meson spectrum (bRL)
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® nice agreement with experiment (up to scalar)
® exotics as relativistic quark-antiquark states
® drastic improvement beyond rainbow-ladder !
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