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Motivation (nucleon resonances)

900 1200 1400 1600 1800 2000
W (MeV)

@ New accurate data from modern accelerators (JLab, MAMI, ELSA,
MIT-Bates ...) associated with N* states with increasing W
(1.4-1.8 GeV) and large Q? (2-6 GeV?)

@ = New challenges:

@ Interpret the data <» Theory <> relativistic models
o Make predictions: higher W, higher Q? — JLab-12 GeV-upgrade
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Plan of the talk

o Theoretical framework
Covariant Spectator Quark Model

o Calculations of N* transition form factors at large ()?
A(1232)27, N(1440)17, N(1535)3 7, N(1520)27, A(1600)2"

2 7 2 7
N(1650)17, N(1700)37, A(1620): ", A(1700)2" [SQTM]
.. some results at low-Q?

o Extension of the model (SU(3) and nuclear medium)
@ Summary and conclusions
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Covariant Spectator Quark Model — Introduction (1)

@ Baryon as gqq systems

@ Covariant Spectator Theory: wf U defined in terms of a 3-quark vertex:
system with 2 on-shell quarks and an off-shell quark

- - -

—> qq pair replaced by an effective diquark with mass mp
Gross and Agbakpe PRC 73, 015203 (2006); Gross, GR and Pefia PRC 77, 015202 (2008)

@ —=> reduction to a quark-diquark structure: ¥p(Pg, k)
Baryon wave function U (Pg, k) free of singularities
Stadler, Gross and Frank PRC 56, 2396 (1998); Savkli and Gross PRC 63, 035208 (2001)

@ Spin-flavor structure = relativistic SUr(3) x SUs(2) structure

@ Radial wave function ¢¥)5(Pg, k) determined phenomenologically
Not a solution of a dynamical wave equation — mass Mp = M5™®
Shape determined by momentum scale parameters using experimental data
or lattice data of some ground state systems
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Covariant Spectator Quark Model — Introduction (2)

@ Quarks with electromagnetic structure
(impulse approximation)

) 1. 1 1 1 ok q
jg = (6.f1+ + ifl—"':s) "+ (6.f2+ + 5f277'3) 2MNV

form factors f;+ parametrize dressing of quarks (gluons and ¢q) kg = f24(0) ~ 2

@ Vector meson dominance parameterization at quark level:
SO~ = > +><>W +><><>\N

Quark current parametrized in terms of vector meson poles (1., M4)
F Gross, GR, MT Pefia, PRC 77, 015202 (2008); GR, MT Pefia, JPG 36, 115011 (2009); PRD 80, 013008 (2009);
GR, K Tsushima, AW Thomas, JPG 40, 015102 (2013); GR, K Tsushima, F Gross, PRD 80, 033004 (2009)

@ 4 parameters determined by the fit to the nucleon data

F Gross, GR, MT Pefia, PRC 77, 015202 (2008)
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Covariant Spectator Quark Model — Introduction (2)
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(impulse approximation)
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Covariant Spectator Quark Model — Introduction (3)

Radial wave functions dependent of (P — k)= (quark momentum)?

Mp = baryon mass; mp = diquark mass

(Mp —mp)* — (P — k)
Mpmp

B

Np
mp(B1+ xp) (B2 + Xz)

Q/)B(-Pv k) X
Motivation: obtain correct large-Q? falloff in the LO form factors

1 .
Gi(Q%) o of (apart log  corrections)
F Gross, GR, MT Pefia, PRC 77, 015202 (2008); GR, MT Pefia, F Gross, EPJA 36, 329 (2008)
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Covariant Spectator Quark Model — Introduction (4)

@ Transition current — relativistic impulse approximation
F Gross, GR, MT Pefia, PRC 77, 015202 (2008); EPJA 36, 329 (2008)

_ P P
s =33 / Ty (Py, k)jEW, (P, k) : @ﬁ@
A k N* N

diquark on-shell

@ Generalization to lattice QCD:
o [ix(Q%mpy, My) — [ir(Q%mp, MFE") - VMD
o Yp(Mg) — Yp(Mg™)
GR, MT Pefia, JPG 36, 115011 (2009); PRD 80, 013008 (2009); GR, K Tsushima,
F Gross, PRD 80, 033004 (2009); GR, K Tsushima, AW Thomas, JPG 40, 015102 (2013)
Meson cloud neglegible for large m
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Results — Part 1

Calculations of V™
transition form factors at large (9°
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VN — A(1232) — Introduction [Burkert and H Lee, MP E13, 1035 (2004)]
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@ Transition dominated by Magnetic Dipole G3;: N(1T1]) — A(T11) (spin-flip)

@ Small contributions from G} and -24-G; indication of (small) A deformation

2M A

GR, MT Peiia, A Stadler, PRD 86, 093022 (2012)

@ (G usually underestimated by quark models at small Q>
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A(1232) - S-wave model - covariant

SU(6) SU(6)
Uy = = (0% + 010N) Un(P k) Wa =~ L (eh)a®(P) valP.k
N NG IPs 1Ps) YN A ¢1(ep)au(P) Ya(P,k)

Radial wave functions: ¢ (P, k); ¥a (P, k)
¥y (P, k): determined by the nucleon data;
a (P, k): determined by lattice QCD data or bare core estimate (grrp,5, = 0)

Argonne-Osaka dynamical coupled-channel model (previously EBAC/Sato-Lee)

S-wave model

4 M

G* 2 -

w(@) = 35 M Ma : ]
e
Ma +M , 08 SEQE i
Jie-+ fa- YAYN > ,—-__i .

2M k € ook, ” T e ]
2 0617 S e ]
04 3

G (0) = 2.07 [ Yan < 2.07
Cauchy-Schwarz inequality 7‘ S
Underestimation of G'3,(0)[,,, ~ 3 ’ Y e
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v*N — A: G, in lattice [GR, MT Pefia, PRD 80, 013008 (2009)]
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@ Lattice: Alexandrou et al, PRD 77, 085012 (2008) m, = 411 — 563 MeV
@ EBAC estimate: B J-Diaz, TSH Lee, T Sato, L Smith, PRC 75 015205 (2007)
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v*N — A: G, in lattice [GR, MT Pefia, PRD 80, 013008 (2009)]
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@ — Model calibrated by EBAC bare data

@ - - - Model extended to lattice QCD
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v*N — A: G, in lattice [GR, MT Pefia, PRD 80, 013008 (2009)]
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@ — Model calibrated by EBAC bare data
@ - - - Model extended to lattice QCD Good description bare part
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v*N — A: G3; (valence + pion cloud)
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@ Valence quarks insuficient to describe low @? data (G%; < 1/Q*)

@ Include phenomenological pion cloud contribution (G7, o< 1/Q®)
GR, MT Pefia J Weil, H van Hees and U Mosel, PRD 93, 033004 (2016)
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’V*N — A: How to simulate the pion cloud? [phenomenology]

Recent application — two pion cloud contributions
Motivated by study of the octet to decuplet transitions: almost 50% — 50%
GR, K Tsushima, PRD 88, 053002 (2013)

» , 2 2 ®) q2 2
G, =3\Y F, A2 92 3Ax A2 — + I
M ™ (q ) <A2 — q2> (( %) q2)2 A2D( D(q2>)2)

n—coupling B'—coupling

GR, MT Pefia J Weil, H van Hees and U Mosel, PRD 93, 033004 (2016)
F,(¢?): phenomenologic electromagnetic pion form factor;

A% = 0.9 GeV?; I'p(¢?) phenomenological width; /\,(Ta), )\,(Tb) ~ (.448
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v*N — A: timelike region (1)

‘ ‘
1 -0.8 -0.6 -0.4 -0.2 0
¢ (GeV)

Timelike region g% > 0 T

A(1232) Dalitz decay
A —~v*N = ete N
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qr2nax - (MA o MN)2

r'= FA—)6+€_N = Fe*’e—N
% =T"(q, W) =

A(g®, W)|Gu(q®, W)P?
(W replace Ma)

Delta Dalitz decay width
e T, W)dg

Lete-n = 2me

Model '+ .- y = 4.9 keV

GR, MT Pefia J Weil, H van Hees and
U Mosel, PRD 93, 033004 (2016)
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v*N — A: timelike

region (2)
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A(1232) Dalitz decay
A —~v*N = ete N
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Model T'.+ .-y = 4.9 keV

GR, MT Pefia J Weil, H van Hees and

U Mosel, PRD 93, 033004 (2016)
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v*N — A: timelike region (3)

HADES, PRC 95, 065205 (2017): pp — pA™*T — ppeTe™

1 0-2 = — MC sum »50F
E QED £
F — law 340F
r = REP quark core| O

= = R&P pion cloud | 30
— SaM brems 20F

[} : L L n
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v*N — A: timelike region — A Dalitz decay — PDG

A(1232) DECAY MODES

The following branching fractions are our estimates, not fits or averages.

Mode Fraction (I;/T)
rh Nrm 99.4 %
M Ny 0.55-0.65 %
I3 N+, helicity=1/2 0.11-0.13 %
[ Ny, helicity=3/2 0.44-0.52 %
s pete ( 4240.7) x 1075
F(pe+ 9_)/ Ttotal Ts/T
VALUE (units 10~5 DOCUMENT ID
4.19+0.3440.62 1 ADAMCZEW... 17

1 The systematic uncertainty includes the model dependence.

The obtained A Dalitz branching ratio at the pole position
is equal to 4.19 x 10~5 when extrapolated with the help
of the Ramalho-Pefia model [27], which is taken as the
reference, since it describes the data better. The branching ratio
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1 The systematic uncertainty includes the model dependence.

The obtained A Dalitz branching ratio at the pole position
is equal to 4.19 x 10~5 when extrapolated with the help
of the Ramalho-Pefia model [27], which is taken as the
reference, since it describes the data better. The branching ratio

HADES is planning to measure Dalitz decay widths of hyperons
S0 s ete= A, T*t s ete~ 2t

HADES EPJA 57, 139 (2021); GR PRD 102, 054016 (2020)
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v*N — N(1440) — Introduction
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— L

o
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* ® CLASdata

- ® CLAS2d

[a i F — Spectator (valence)

0.05

Q’(GeV?) Q’(GeV?)

@ CSQM: Roper defined as the 1st radial excitation of the nucleon
Same spin/flavor structure as the nucleon
Radial wave function defined by the orthogonality with nucleon state

GR and K Tsushima, PRD 81, 074020 (2010); PRD 89, 073010 (2014)
@ No adjustable parameters; No meson cloud components included

@ CLAS data: IG Aznauryan et al.,, PRC 80, 055203 (2009);
VI Mokeev et al., PRC 86, 035203 (2012); PRC 93, 025206 (2016)
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v*N — N(1440) — Results

0.1
o
*.—
m .
0.05

Q’(GeV) Q' (GeV)

@ Good results for Q? > 1.5 GeV? — valence quark dominance
Support Roper as 1st radial excitation of the nucleon

@ Failure for Q2 < 1.5 GeV? — meson cloud ?
GR and K Tsushima, AIP Conf.Proc. 1374, 353 (2011)
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v*N — N(1440) — Comparing results

0.15 [ 0.4

07\\\‘\\\‘\\\‘\\\‘

0 2 4 6 8§ 10 R S S S T\
Q* (GeV) Q* (GeV?)
—- CSQM === Holography

Holographic calculation

GR, D Melnikov, PRD 97, 034037 (2018); GR, PRD 96, 054021 (2017)
Very different formalisms; Very similar results at large Q>
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v*N — N* — 2nd radial excitation of the nucleon

o
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-
7

A, @) [10° Gev'?
[\*) N
(=) o

« v+« N(939)
— — N(1440)

— ]

Q* (GeV)

N* is identified as NV (1880)
Comparison with Roper and Nucleon (A} /3 &< Gur; S1/2 o< Gg)
Similar result for large Q? (same short range structure)

Gilberto Ramalho (OMEG/SSU)
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v*N — A(1600) [GR and K Tsushima, PRD 82, 073007 (2010)]

A(1600) as the 1st radial excitation

of A(1232) EPJA, 36, 329 (2008) [S-state]

G =0,Gy =

Bare: G%(0) = —1.113

Valence quarks insuficient to explain data

7 cloud effects: rough estimate - - -

Final result consistent with @? = 0 data
Predictions for large Q>
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v*N — N(1535)%" and yN* — N(1520)3 "

@ Negative parity states

@ Valence quark contributions estimated within the CSQM framework
Radial wave functions determined using # prescriptions
@ N(1525): GR and MT Pefia, PRD 84, 033007 (2011)

GR and MT Pefia, PRD 101, 114008 (2020) — N(1535) Dalitz decay
@ N(1520): GR and MT Pefia, PRD 89, 094016 (2014);

GR and MT Pefia, PRD 95, 014003 (2017) — N (1520) Dalitz decay

Recent development — Semirelativistic approximation
GR, PRD 95, 054008 (2017)
@ Mass difference (Mg and M) neglected in a first approximation

@ Radial wave function determined by 1 (nucleon)
Orthogonality ensured; Non-relativistic properties; Covariant expressions

@ Form factors determined without any adjustable parameter
Model parameters determined by Nucleon system
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v*N — N(1535) — SR approx — Results

04— 0.4

1 2 3 4 5 6 7 8
Q* (GeV) Q’ (GeV?)

@ 2 form factors; Data from CLAS, MAID and Jlab/Hall C
@ Good results for F; (Q? > 1.5 GeV?); consequence of meson cloud !

@ F5 wrong sign; (FY )exp ~ 0 for Q2 > 1.5 GeV?

Interpretation: Cancellation between valence and meson cloud
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v*N — N(1535): Relation between A/, and S/,

Implications of /5 =07

_ Q? 2 2 I
T = Gl tiin)? Q° > 1.5 GeV 7 . -
(\IA
V14+7 M} — M3 3 10 |
51/2 = - A1/z >
V2 2MRQ ©
O
«@
o L
GR, K Tsushima, z o S, data
PRD 84, 051301 (2011) «-20F 2 B
“ L = FQ)x(A,, data)
GR, D Jido, K Tsushima,
PRD 85, 093014 (2012)
Cancellation between -300 — ‘2 — 2‘ — é — 3
valence and meson cloud Qz(GeVz)
More data are welcome
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v*N — N(1520) — SR approx — Results

04
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@ 3 independent form factors: G, Gr, Go
@ — SemiRelativistic approach (SR); data from CLAS

@ SR very good description of the data — Except for G
Explanation: amplitude A3/, < (G'r + Gur) dominated by meson cloud
CSQM (no meson cloud): A3/, =0, Gg = -G

@ Describe well valence quark degress of freedom (apart Gg + Gar)
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N(1535) helicity amplitudes at low (*

Ambiguity about S /5 near @* =0

. y S
Siegert’s theorem: at PT A/, = V2(Mp — MN)IlT/\Q
GR, PLB 759, 126 (2016); PRD 100, 114014 (2019), Devenish et al, PRD 14, 3063 (1976)

T T 20 T T T T
N\ seee Q=05GeV?
< 100} . ] o 10 \ — —Q,/=03GeV’
> RS >
[ o 0OF--
@O 50F © Q) =05Gev ] ,,‘,O
=] — —Q,/=03GeV’ =} J10f
s — Q=01 GeV? o
< (1] e e L EE L P L L | « 20k
Il L L L L L L L
04 02 0 02 04 06 08 I 30

| | I | | |
-04 -02 0 02 04 06 08 1

Q (GeV) Q (GeV?)

Data: PDG 2012, PDG 2016, PDG 2020

@ Case 1 (Thick lines): A/, smooth: A/, >0 = 5,/ must change sign

@ Case 2 (Thin lines): S/, smooth: S, <0 = A5 must change sign
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N(1535) helicity amplitudes at low (*

Ambiguity about S /5 near @* =0
Siegert’s theorem:

at PT Ay = V2(Mp — My) 522

al

GR, PLB 759, 126 (2016); PRD 100, 114014 (2019), Devenish et al, PRD 14, 3063 (1976)
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More data needed below 0.3 GeV?

@ Case 1 (Thick lines): A/, smooth: A/, >0 = 5,/ must change sign

@ Case 2 (Thin lines):
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S1/2 smooth: Sy, <0 = A/, must change sign
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Combination with SQTM

Single Quark Transition Model & CSQM
Hey and Weyers, PL 48B, 69(1974); Cottingham and Dunbar, ZPC 2, 41 (1979);

Burkert et al, PRC 67, 035204 (2003)

@ Models applied to [70,17] multiplet

o Use CSQM results for N(1535)3, N(1520)3
@ Predict amplitudes for
N(1650)3~, N(1700)3 ", A(1620)3, A(1700)
GR, PRD 90, 033010 (2014)

3—
2

Estimates compared with data from CLAS, MAID and PDG
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1 (107 Gev'™)

Multiplet [70,17]

GR PRD 90, 033010 (2014)

80 . 0 , 30
m PDG ~—
® CLAS-1 -5
60 <1T> © CLAS2[] o
& MAID %, 10
2 ® PDG_ |
) S
s 208§ K
&2
-30 N(1700) 20 N(1700)
-35h L L 30k L L
100 ! ! ! 140 !
" PDG 120 " PDG 120 " PDG_ ||
8 ® CLAS-1 . ® CLAS-1 . © CLAS-2
o CLAS-2[{ < 100 0 CLAS2[] < (9 + MAID ||
60 * MAID g * MAID g A NSTAR
CHS (1620) s 8op A(1700) 3 s0 A(1700) ]
o 40 o« o«
) % 2 o0 S 6 1
w20 Tagb @ o ]
< , < ® <40
Of~ E S ]
20 O w0 o -
Il
W e
Q (GeV) Q(GeV? Q'(GeV?)

@ Model compares well with N (1650) and A(1620)

@ More large (Q? data are necessary to test the calculations
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Results — Part 2

Some calculations of N*
transition form factors at low )
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VN = A: G5(Q?), GE(Q?) [GR MT Pefia, PRD 80, 013008 (2009)]

o.2—————F——————— 7 7

[ 4 Lattice m =563 MeV 1 [ { 4 Lattice m; =563 MeV 1
0.1 u Laticem =490 MeV| | 0.8 w Latticem =490 MeV| |

o Lattice m = 411 MeV 1 L o Lattice m = 411 MeV

0.08 @ Experimental data N — o Experimental data
5 1 gt i
= 0.06F % A ]
R 1 Ooaf 7
0.04f ’ 1 I |
0 02; _i i % ] 021 : ‘s b
‘ - [ _s-S_a " |

L~ — _ B - —_— -
) —— iii‘j—!—«—ﬁ-z ou ‘_i‘ L \-\i—\g—rL\:‘\—\i"\L
0 0.5 5 5 1 1.5 0 0.5 5 R 1 1
Q (GeV) Q" (GeV")

@ Bare contributions (QM) determined by fit to lattice Atexandrou, PRD 77, 085012 (2008)
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VN — A: G5(Q?), G*C(QQ) [GR, MT Pefia, PRD 80, 013008 (2009)]

0.12 ———
[ 4 Lattice m =563 MeV 1 [ { A L'dtt?Ce m_=563 MeV 1
01 u Laticem =490 MeV| | 0.8 w Latticem =490 MeV| |
« Latticem =411 MeV 7 L « Latticem =411 MeV i
0.08 @ Experimental data b ~ 06 e Experimental data
NA ol Kelm -
=/ e | ]
. * o
O 04F 4
0.2 4
L _i_ ._E_ _i _
ob—— v 1 i i i S
. 0 0.5 1 1.5
2 2 2 2
Q (GeV) Q (GeV))

@ Bare contributions (QM) determined by fit to lattice Atexandrou, PRD 77, 085012 (2008)

@ Pion cloud: large N, relations x Gg, = Gcfz"; No extra parameters

Pascalutsa and Vanderhaeghen, PRD 76, 111501 (2007); Buchmann PRD 66, 056002 (2002)
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VN = A: G5(Q?), GE(Q?) [GR MT Pefia, PRD 80, 013008 (2009)]

0.12——— —— | ———— —
[ 4 Lattice m =563 MeV 1 [ { 4 Lattice m; =563 MeV
01 u Laticem =490 MeV| | 0.8 w Latticem =490 MeV| |
« Latticem =411 MeV 1 o Latticem = 411 MeV
0.08 @ Experimental data b ~ 06 e Experimental data
— o 6L B
ke o
= 0.06 - g
m )
@) O 04F J
0.04 -
0.02 ] 021 % 33
L RTINS
o+ i ; . A o CE-C AT
0 0.5 1 1.5 0 0.5 1 1.5
2 2 2 2
Q (GeV) Q (GeV))

@ Bare contributions (QM) determined by fit to lattice Atexandrou, PRD 77, 085012 (2008)

@ Pion cloud: large N, relations x Gg, = Gcfz"; No extra parameters

Pascalutsa and Vanderhaeghen, PRD 76, 111501 (2007); Buchmann PRD 66, 056002 (2002)

@ Bare (QM) @ pion cloud (th) contributions ~ data [CLAS, MAMI, MIT, PDG]
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v*N — A: quadrupoles — Siegert's theorem

Ma—M
2Mp

Siegert's theorem: at pseudothreshold |q| = 0; Q% = —(Ma — M)?; *E = RGE«

The previous parametrizations are not consistent with Siegert's theorem xk =

2
Improved Large-N.: GR, EPJA 54, 75 (2018) a= m =0 (ﬁ)

M 3/2 M2 — M2 G~ M 1/2 _
A —A~ Bn = (— V2MMAG
B (MA> 2v2 1+a’ ¢ (MA) AFEn

Siegert's theorem valid New data JLab/Hall A: A Blomberg, PLB 760, 267 (2016)

0.1F \ GE 1 0.1+ \§@ KGC 1

b O  Data
0.05F ® Newdata| | 0.05F

O  Data
®  New data

9200 02 04 06 08 10 12 9200 02 04 06 08 10 12
Q (GeV?) Q* (GeV?)
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Results — Part 3

Extension of the model to SUp(3)
and nuclear medium
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Extension to SUp(3) and nuclear medium EMFF (1)

@ SUr(3) quark current:

. . Cwotq, =2
Jg =" +.72m, Ji = fir Ao + fi—A3 + fioAs

A, Gell-Mann matrices;
radial wave functions defined for systems with strange quarks

@ Baryons with strange quarks: octet, decuplet, octet to decuplet, ...
PRD 88, 053002 (2013); PRD 87, 093011 (2013); PRD 86, 114030 (2012); PRD 84, 054014 (2011); GR, Jido,
Tsushima, PRD 85, 093014 (2012); GR, Pefia, PRD 83, 054011 (2011); Gross, GR, Tsushima, PLB 690, 183 (2010);

GR, Tsushima, Gross, PRD 80, 033004 (2009)

Octet baryon EM form factors:
_ B T _ B T
GEB—ZB [GEB+GEB] y GMB—ZB [G]\,JB""G]\/[B]

Zp: normalization; G bare contribution;
™ 5 Phenomenological pion cloud contribution o< g2 55,
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Extension to SUp(3) and nuclear medium EMFF (2)

@ Calibration of model in vacuum by Lattice QCD data
(radial wave functions) — bare part &
Physical data (/N form factors, magnetic moments, baryon radii)
— pion cloud part GR, Tsushima, Thomas, JPG 40, 015102 (2013)

@ Generalize model to the nuclear medium (x) for a density p
Medium propertites estimated by Quark-Meson-Coupling Model
Saito, Tsushima and Thomas, Prog. Part. Nucl. Phys. 58, 1 (2007)
mp — My GMBB — 9y BR
Use VMD character of the CSQM in the extension

Octet baryon G /Gy in vacuum and in medium
GR, Melo, Tsushima, PRD 100, 014030 (2019)
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Extension to SUr(3) and nuclear medium EMFF (3)

(G*/G\ (GG, ,)
o o
N o] —

<
'S

Proton and neutron double ratio: Ry =

T T T
__;{_5_}_3
[~ ~_~-§‘\
~ <l
| .\\
—— p=05p, =~
—. p=10p, P
L oo b b b
005 T s T s
Q’ (GeV?)

(G,*/G, (GG,
S
oo

I
~

—
[

—_

o
o)

GE/Gy
Gr/Gum
n ]
—= P=05py 1
—p=10p,
05 T 15 2 235 3

Q* (GeV?)

GR, Melo, Tsushima, PRD 100, 014030 (2019); GR, Tsushima, Thomas, JPG 40, 015102 (2013)

Data *He(¢€, ¢/p)3H, JLab, MAMI

Gilberto Ramalho (OMEG/SSU)

po = normal nuclear density
Dieterich, PLB 500 (2001); Strauch, EPJA 19 S1 (2004); Paolone, PRL 105 (2010)
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Octet baryon axial-vector form factors in vacuum

[GR and K Tsushima PRD 94, 014001 (2016)] Generalization of nucleon to octet baryon

(o= a(Py) [64(@2# + Gr(@) | o)

@ Extend octet model to the axial-vector transition; P-state mixture

q* T,
JAq (QA“Y +QP2M) ia ‘I’NZM‘I’5+HP‘I’P

@ g% = f1_ (isovector); g% fit to the lattice QCD data for nucleon
4M?

Ga=GE+GYC  Gp=GY +GR+GYY, Gy = e

G4

o u=m; (AS=0), pu=mg (AS=1)
G SU(3) effective model (D, F ~ g2y x)

@ Bare: lattice data, SU(6); Meson-Cloud: nucleon and Gﬁ’B/ (0) data
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Octet baryon: axial-vector transitions

AS =0 (d—u)
n—p
X7 = A
50
0 5 nt

Bare + Meson cloud

12 —— - Bare

2t 5 A (u—d)

—_ =0

T = E

AS =1 (s—u)
X7 =n

‘
0.5 1 1.5
Q (GeV?)

Nucleon: fix current

2 20 —>p

-0

[ [ []
o |
Loy
™

1=

Study Q?-dependence of form factors
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Axial-vector form factor G4: AS =0, AS =1

-G, @)

Bare + Meson cloud SU(3)|
Meson cloud SU

are + Meson cloud SU'(3)
on cloud SU'(3)

SU

oud SU'(3)
"3)

Gilberto Ramalho (OMEG/SSU
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Axial-vector form factor Gp: AS =0, AS =1

100, . . 100, . . . 100 . . .
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Extension to the nuclear medium G4(n — p) [p = 0, po]

Study Q?-dependence of form factors in medium

== experimental data in vacuum Preliminary calculation for p = pg

‘ Bare + Meson cloud
12 —— - Bare i

0 : ‘ ‘ 0 : : : ‘
Q GV ‘ Q (GeV)) ‘

Model can be used to calculate B’ — ¢ VB, e"vB,

and reactions with (anti-)neutrinos in nuclear medium

vB+ e B, vB+ etB',vB —>vB, vB - B
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Summary and conclusions

@ We present covariant calculations of the electromagnetic transition form
factors for several N* states at large Q2
A(1232), N(1440), N(1520), N(1535), A(1600), ...
N(1650), N(1700), A(1620), A(1700)
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factors for several N* states at large Q2
A(1232), N(1440), N(1520), N(1535), A(1600), ...
N(1650), N(1700), A(1620), A(1700)

@ Calculations based on the covariant spectator quark model
Dominance of valence quark effects for large Q% (Q? > 2 GeV?)
In same cases meson cloud may be important to Q2 = 1-3 GeV?
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@ Calculations based on the covariant spectator quark model
Dominance of valence quark effects for large Q% (Q? > 2 GeV?)
In same cases meson cloud may be important to Q2 = 1-3 GeV?

@ Future data will be useful to test the present predictions
JLab-12 GeV upgrade — Very large Q2
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Summary and conclusions

@ We present covariant calculations of the electromagnetic transition form
factors for several N* states at large Q2
A(1232), N(1440), N(1520), N(1535), A(1600), ...
N(1650), N(1700), A(1620), A(1700)

@ Calculations based on the covariant spectator quark model
Dominance of valence quark effects for large Q% (Q? > 2 GeV?)
In same cases meson cloud may be important to Q2 = 1-3 GeV?

@ Future data will be useful to test the present predictions
JLab-12 GeV upgrade — Very large Q2

@ The formalism can be extended to different regimes

@ SU(3): Octet baryon, decuplet baryon, ...

@ Nuclear medium: electromagnetic and axial-vector transitions
Applications to astrophysics (OMEG)

@ Timelike region ...

Gilberto Ramalho (OMEG/SSU) Covariant quark model calculations... Jeju, Korea, July 11, 2022 43 /43



Hyperon elastic form factors at large ¢°

BES-IIT

10° +  BES-II 10 10°F

) :
10 10 1520 25 3 10 10 15 20 25 3 1075 10 15 20 25
4 1GeV’] 4 [GeV’] ¢ [GeV’]

GR, MT Pefia and K Tsushima PRD 101, 014014 (2020); GR, PRD 103, 074018 (2021)
Data from CLEO, BaBar, BES-III
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Summary and conclusions < Thank you

@ We present covariant calculations of the electromagnetic transition form
factors for several N* states at large Q2
A(1232), N(1440), N(1520), N(1535), A(1600), ...
N(1650), N(1700), A(1620), A(1700)

@ Calculations based on the covariant spectator quark model
Dominance of valence quark effects for large Q% (Q? > 2 GeV?)
In same cases meson cloud may be important to Q2 = 1-3 GeV?

@ Future data will be useful to test the present predictions
JLab-12 GeV upgrade — Very large Q2

@ The formalism can be extended to different regimes

@ SU(3): Octet baryon, decuplet baryon, ...

@ Nuclear medium: electromagnetic and axial-vector transitions
Applications to astrophysics (OMEG)

@ Timelike region ...
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Extra

More information
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Other applications

@ Electromagnetic form factors of hyperons at large ¢® +
GR, Tsushima, Pefia, PRD 101, 014014 (2020); GR, PRD 103, 074018 (2021)

Babar, BES-III, CLEO, ...

@ Baryons with strange quarks: octet, decuplet, octet to decuplet, ...
PRD 88, 053002 (2013); PRD 87, 093011 (2013); PRD 86, 114030 (2012); PRD 84, 054014 (2011); GR, Jido,
Tsushima, PRD 85, 093014 (2012); GR, Pefia, PRD 83, 054011 (2011); Gross, GR, Tsushima, PLB 690, 183 (2010);
GR, Tsushima, Gross, PRD 80, 033004 (2009)

@ Deep inelastic stattering — nucleon
Gross, GR, Pefia, PRD 85, 093006 (2012); PRD 85, 093005 (2012); PRC 77, 015202 (2008)

@ Transition form factors in the timelike region — HADES
Dalitz decays (N* — ete™ N, B’ — eTe™ N) hyperons

GR, Pefia, PRD 85, 113014 (2012); PRD 95, 014003 (2017); GR, Pefia, Weil, Hees, Mosel, PRD 93, 033004 (2016);
GR, Pefia, PRD 101, 114008 (2020); GR, PRD 102, 054016 (2020)

@ Structure of baryons in the nuclear medium
GR, Melo, Tsushima, PRD 100, 014030 (2019); GR, Tsushima, Thomas, JPG 40, 015102 (2013)

@ Axial structure of octet baryon (in vacuum)

GR, Tsushima, PRD 94, 014001 (2016)
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Dynamical Coupled-Channel — EBAC model

EBAC = Excited Baryon Analysis Center @ Jefferson Lab
https://ebac-theory.jlab.org — Argonne-Osaka DCC model

v*B — MB' and MB — M'B' transitions
Include intermediate baryon resonances B* (B* — M B, B* — vB)

Gl —_ G}aare + G%\/IC

~y
? E Quark Core

B1

M
Meson Cloud

Turn off meson coupling (grrps = 0): Gy — G}“‘re

B J-Diaz, TSH Lee, T Sato, L Smith, PRC 75 015205 (2007)
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yN — N (1440) — Helicity amplitudes (optional)

® CLASdata
® CLAS-2d:

lat;
—— Spectator (v:

Q' (GeV) Q’(GeV?)
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v*N — N(1520) — SR app — Amplitudes (optional)

g
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1 2 3 4 5 6
> 2
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(]

3 independent helicity amplitudes

©

—- SemiRelativistic approach (SR); data from CLAS, include MAID fit

@ SR very good description of the Q% > 1.5 GeV? data
Except for A3/ (CSQM: A3/ = 0) — As/2 < dominated by meson cloud ?

@ Describe well valence quark degress of freedom ((A43/2)bare ~ 0)
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v*N — N(1535)5 , v*N — N(1520)2" — SR approach

Semirelativistic approximation — Summary
GR, PRD 95, 054008 (2017)

@ SR approach gives a good description of form factor/
helicity amplitude data in the region Q? > 1.5 GeV?
Deviations (low Q?) may be the result of the missing meson cloud

@ No parameters adjusted (g = ¢)x) — Predictions
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