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Plan of the talk

o Introduction
Formalism
@ Calculations of Dalitz decays
o N* = efe N decays: N* = A(1232)37, N(1520)37, N(1535)%
o Hyperons: B’ — ete™B
Dalitz decays of decuplet baryons (B’) to octet baryons (B)

@ Outlook and Conclusions
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Introduction: Spacelike and Timelike reactions

Figure: B. Ramstein, AIP Conf. Proc. 1735, 080001 (2016) [HADES]

Space-Like electromagnetic form factors Time-Like electromagnetic form factors

HADES

;?5;

¢® < 0: CLAS/ Jefferson Lab, MAMI, ¢*> > 0: HADES,
ELSA, JLab-Hall A, MIT-BATES ..., PANDA
ep—eN(--); v*N — N* 7 p—eten; N* > ~v*N s ete N
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Introduction: Covariant Spectator Quark Model (CSQM) 1

@ Covariant Spectator Theory (BARYONS):
Active quark off-shell; Spectator particles on-shell
Stadler, Gross and Frank PRC 56, 2396 (1998); Gross and Agbakpe
PRC 73, 015203 (2006) P

@ Integration into quark pair d.o.f. < time
Reduction of system to quark-diquark system 51“
diquark on-shell Gross, GR and Pefia PRC 77, 015202 (2008); k
PRD 85, 093005 (2012)

@ Wave functions: relativistic generalization of
SUs(2) ® SUR(3) ® O(3) symmetries

@ Radial w.f. 1)p determined phenomenologically
(Some physical or lattice QCD data)

@ Electromagnetic interaction; relativistic impulse
approximation diquark on-shell
JF=3%n fk U (Py, k)i v p(P-, k)

@ Constituent quark current j4(q) (¢ = u,d, s)
Simulate quark dressing (gluons and ¢q effects)
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Introduction: CSQM Quark Current & Transition current |

o Quark current: Transition current « time
. . . 1wt qy v
74 (@) = n(@v" + j2(a) o
2MN N N - Quark Model

Ji(@) = fit Ao + fi— A3 + fioAs

,/—ﬁ

A; Gell-Mann matrices; s = diag(0, 0, —2) [strange quark] - S +

@ Functions f;y (¢ = 0,+) determined by the JH = JH 4 gt Meson Cloud
nucleon and decuplet lattice QCD data - “YB + MC
F Gross, GR and MT Pefia PRC 77, 015202 (2008);

GR, K Tsushima, F Gross, PRD 80, 033004 (2009) Total current =
@ fis(q?) parametrized using VMD [Bare (Valence Quark) current]
Vector Meson Dominance + [Meson Cloud current]

Include terms in my,, m, and my
@ Bare current: quark model

o k li . .
Quark current can be generalized to Use calibration of quark current

@ Lattice QCD regime and radial w.f.
@ Nuclear medium @ Meson cloud current:
@ Timelike region (decay width I'y,) Educated phenomenological

My — my — il (q) parametrizations
GR and MT Pefia, PRD 80, 013008 (2009); .
2\ _ B(,2 MC /(2
GR, K Tsushima and AW Thomas, JPG 40, 015102 (2013) Gg (q ) =N Gf (q ) + G( (q )
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Introduction: CSQM — extension to timelike (Q?

Model extended from ¢> < 0to 0 < ¢° < (Mp: — Mp)?

@ Valence quark
Extension of quark electromagnetic
form factors to g2 > 0 (vector mesons)
2 2
v m’U
> —

m

m? —gq m2 — g% —imyTy(q?)

@ Meson cloud

o8]

i
52

Data
Bare + Pion Cloud

=i

AD

Az, \"
A_g) 7 A2 _ 2
D4 (D ‘I)

Effective decay width; relevant if Ap < m,
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Dalitz decay algebra (B’ — ete™ B) 1

1+ 3+
2 g e

Masses: Mg inital baryon; W = system v*B (= Mg:); J*
Magnetic, Electric and Quadrupole Coulomb form factors; & = aem

G Wolf et al, NPA 517, 615 (1990); A Faessler et al, PRC 61 (2000);
M | Krivoruchenko et al, Ann. Phys. 296, 299 (2002)

FB/%w*B((L W) =« g(MBa I/Vqu) |GT((]2, W)‘z [lGT| inPUt]

2
G (¢ W) = aurlGarla®, W) + aplGr(a®, W) + S |G, W) P
Dalitz decay rate — starting point

d C
FIB'H5+5*B(q7 W)EdinB’%eJre*B (Qa W):Q‘EFB’—V/*B((L W)

Tpryerep(W) = / T oen (0, W) da.

2me

Radiative decay: I'g/y,g(W) =T/« 5 (0,W); Tpyp =Tpyp(Mpr)
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v*N — A(1232) transition (Q* =

Valence quark contribution
Dominance of magnetic dipole form factor

—q%)

S-state wave functions G, o 1/Q*

15|
B

f1—+f27:|-/kwA1/)N &

0.5

4 2M N
B (e w) = [

3vV3 | Ma + My

Core contributions (EBAC model)

m,=0.138 GeV

1A determined by EBAC data or lattice data
C Alexandrou et al Phys. Rev. D 77, 085012 (2008);

J Diaz et al, PRC 75, 015205 (2007)

Pion (meson) cloud

Effective parametrization (A%, A\2) based on the
Cloudy Bag Model & quark counting rules (pQCD)
GR and Tsushima, PRD 88, 053002 (2013); GR, Pefia Weil,

van Hees, Mosel, PRD D 93, 033004 (2016) G7, o< 1/@Q8

A2 2 A2 4
GRr(a®) = A% (7"2) Fr(a®) + 2 <7D2)

2
AZ —gq Ap —a
PR B22 By
B B B B~/ B

(b)

0 1 2 3

4

5 6 7

PGy
Data from DESY, SLAC and CLAS (Jlab)

(a)
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v*N — A(1232) transition (Q2

Valence quark contribution
Dominance of magnetic dipole form factor

S-state wave functions G, o 1/Q*

13|
B

/kwAU)N oy

0.5

2M N

Gy (® W) = |2y
3vV3 | Ma + My

fi— +f27}

Core contributions (EBAC model)

m,=0.138 GeV.

1A determined by EBAC data or lattice data

EBAC model: coupled-channel baryon-meson model

YN — 7N and v* N — ©N = estimate core contr.

Pion (meson) cloud

Effective parametrization (A%, \2) based on the
Cloudy Bag Model & quark counting rules (pQCD)
GR and Tsushima, PRD 88, 053002 (2013); GR, Pefia Weil,

van Hees, Mosel, PRD D 93, 033004 (2016) G7, o< 1/Q8

2 2 2 4
ar (q2> — )\ AT F (qz) +ab AD
M T\AZ — g2 ™ s A2D — 2

B'" B B

(a)
Gilberto Ramalho (LFTC/UNICSUL)

(b)

Q” (GeV?)

s
-

0 1

Q(GeV?H
Data from DESY, SLAC and CLAS (Jlab)
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~v*N — A(1232) transition (Q2? = —¢?)

Valence quark contribution
Dominance of magnetic dipole form factor
S-state wave functions G, o 1/Q*

GB % w) =

4
|

Ma + My

2M

1A determined by EBAC data or lattice data
C Alexandrou et al Phys. Rev. D 77, 085012 (2008);

J Diaz et al, PRC 75, 015205 (2007)

Pion (meson) cloud
Effective parametrization (A%, A\2) based on the
Cloudy Bag Model & quark counting rules (pQCD)
GR and Tsushima, PRD 88, 053002 (2013); GR, Pefia Weil,
van Hees, Mosel, PRD D 93, 033004 (2016) G7, o< 1/@Q8

Gr(d®) =A%

™

(a)
Gilberto Ramalho (LFTC/UNICSUL)

2
(==
AZ —q

2
2) Fr(a®) + 2 <

B, B

(b)

2
AD

A2D7q

f17+f27]/];wAwN

)

05
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A
] A
N .
¥, N
\w\* 1 & ‘\‘\\
s ~~2 q 05 Ssa,
e, ~—
R R
Q (GeV) Q (GeV)
0af ]
T T T P TP
[ R R S S
Q(Gev?)
Data from DESY, SLAC and CLAS (Jlab)
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A(1232) Dalitz decay

10”
. . 10°F
GR, MT Pefia, J Weil, H van Hees and U Mosel, PRD 93, 033004 (2016) .
107F
FN*%—y*N(QvW) < -
5 0] 10
2 . q =
[\qu’, WII? +31Gp(a* W)I” + o 1Ge(a®, W2 C10°F
0k
Simple estimate: g
imple estimate 0%k
G (g%, W)|%2 ~ |Gar (g%, W)I% + ... (... = 0.2-0.6 %) 10°
5 T T T 10'2 —— — T E
== W=1100 GeV | B 1
- W= | -3 s ata —— Model 1
4 | TTWilinaew| Gu@>o0 7 10 A->eceN ---- Constant FF| 3
«  pion cloud | | § 10—4 — Bare 1
=3 A —>yDl g ]()'5 W = 1.400 GeV ]
— = se E
g Y 1 g é
2 1 =10° E
| 7 %a 107 W = 1250 GeV ’
-8 ;
1 10 W =1.100 GeV
0708 06 04 02 0 02  10° : : : : )
- e e el e - 0 0.1 0.2 0.3 04 0.5
q [GeV7] q[GeV]
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A(1232) Dalitz decay — HADES (pp — pA* — ppete™)

_10%F —woen | g50f

— E €
R o — law 340F

2 - wmm R&P quark core| ©

S L3 = = R&Ppion cloud | S0F

8 10 —— S&M brems. 20E

s LA

-4 i n

£10 85" 0% 09 095 1 1,05
= Mo (pe’e) [GoV/C)

)

R

o

\‘
0.5

M, (€e) [GeVicd]

A(1232) Dalitz decay in proton-proton collisions at T = 1.25 GeV HADES, PRC 95, 065205 (2017)
Model « =« - - - Pt o-n =49 keV HADES: T',+ .-y = 4.9 £0.83 keV (PDG)
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N(1520) and N(1535) Dalitz decay f

GR and MT Pefia, PRD 95, 014003 (2017); PRD 101, 114008 (2020)

@ Result dependent on isospin channel (n or p excitations)
Nt — ete pand NO — ete~n; TL data — information about the neutron

@ Spacelike data dominated by proton data (parametrize Meson Cloud)

IronW) [GeV]
S

"
% 10; —— N'(1535)
° 107k —-—- N%1535)
1of —— N(1520)
10 ¢ .- - N1232)

1 -1 . . . PR R BN B B
009 1 11 12 13 14 15
W [GeV]
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N(1520) — radiative decay (MC = Meson Cloud)

-0.2

& -0.4

I v (MeV) 10 T T T T 107 T T T T
PDG (FF)  PDG limits Model 10 NN ] 0’y
1] 0432003 031062 034 | 2wl o { 5.4
n|0.34+£0.03 030-0.64 034 | 3 1 < ot
Model: same result p and n o} - :2:
Dominace of MC (isovec) 10 ] 10"

5
1003 1

Underestimate CFF for p

SL: Valence quark contributions (Bare) dominate at large Q2

TL (N* — ete™ N): Model prediction larger than CFF estimates (n and p); ', g = 4.2 keV
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W =1.520 GeV

L L
300 400 500
q [MeV]

-7 1 1
100100 200

Calculation: Dalitz decay rate

GR and MT Pefia, PRD 95, 014003 (2017)

600

Dalitz decay — HADES

— 10%* T T 3
e n+CH,— e*e’X
= 3 p,= 685 MeV/c
o 107 ©n 1
\2/ ©nN 1
— 2| nn ol
'g 107 N(1520) with FF
— N(1520) point-like
8 10
= : |
° ]
<2
8 =
107" E
10724
0

L P "
200 400

' 600

Mee [MeV/c?]

HADES 7p W=1.49 GeV,
Witold Przygoda presentation
— N(1520) with FF

Much larger than pointlike

Signature of ¢°-deppendence of form factors Gr(q?, W)

Dalitz decay measurement deppend on the range of W
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N(1535) — radiative decay (MC = Meson Cloud)

T T T T T
— — Bare Bare i
03¢ %i 3 - MesonCloud | 7 +— - Meson Cloud <— Proton data
Max 3 Total Total B
02F 77> % ¢+ EBAC B + EBAC
Na I Unitary Chiral M| Unitary Chiral M| 1 Al/2<0) [GeV" 2] Tn [MeV]
2 oy 1 Data PDG (FF) PDG limits Model
= 0 S P 0.105+0.015 0.49+0.14  0.19-0.53  0.503
\ - ) n —0.075+0.020 0.25+0.13  0.013-0.44 0.240
0.1F N(1535) 9
| , , , , |
I U R R R SR R 3 6
Q" (Gev) Q" (Gev)
1
10
2
> ]
E =
< g
< Z
[ %
o
L
10 | | | |
1 12 1.4 1.6 1.8 2
W [GeVi]
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N(1535) Dalitz decay — HADES

4 proton ] 10 neutron ]
W = 1.535 GeV

W =1.400 GeV |

10% s \ \ \ s 0% s \ s s s \
0 01 02 03 04 05 06 07 0O 01 02 03 04 05 06 07
q (GeV) q(GeV)
107g T T T
. . f T+CH,— e'eX
I Calculation: Dalitz decay rate 102k P =635 MeVic o
GR and MT Pefia, PRD 101, 114008 (2020) ,3E Preliminary ,:(1520, B
E = N(1535)

= total

Dependence on the isospin
q?-dependence related with range of W
Proton: I' 4+ - vy = 5.7 keV

do/dM,, [mb/(MeV/c?)]
S
a

Neutron: T' 4+ .-y = 7.2 keV 10° ]
HADES, B. Ramstein, —> " 1
Proceedings of NSTAR2019 1 0 200 460 600
EPJ Web of Conf. 241, 01012 (2020) Mo [MeV/c?]
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About the N(1535) data at low @ (optional)

150 ‘ ; 20— ‘ ‘
N(1535) .
— — 10
< 100p d
3 g o
“< 50+ <
= 210
< Of-----fr-mmmmmm oo ——-Q/=03GeV’--— V;,QQ,
— Q,=0.1GeV
L L L L L 230 L L L L L
05 0 0.5 1 15 2 05 0 05 1 15 2
Q’[GeV’] Q’[GeV’]

GR, PLB 759, 126 (2016); PRD 100, 114014 (2019), Devenish et al, PRD 14, 3063 (1976) — Siegert's theorem
Extension to timelike extremely sensitive to the low-Q? data
Ambiguities about the v* N — N(1535) data near Q2 = 0 [A1/2(0) =7, S1/2(0) =7]

Estimates may change with new data
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Hyperon Dalitz decays B’ — eTe™ B

Extension of v* N — A(1232) to octet baryons transitions to decuplet baryons
GR and K Tsushima, in preparation; GR, PRD 102, 054016 (2020); GR and K Tsushima, PRD 88, 053002 (2013)
Include also kaon cloud F'ix kaon physical FF

Parameters estimated (A%, A%, ) by CBM expansion GE(g%) = GEE(0) + GAK{Z(I)q2

2

A 3 .
Gar(a®) = G37"(0) (ﬁ) Fie(4°) + G (0) <

2
AKa

4
Akp

A%y —a®)2 + A

>2
2 2
KbFKb

Gy(0) GFM0) GFP(0)  GR(0)  GF(0,Mp) az(%) ax(%)
A= N 1323  0.0167 0.0367 00534 1.633 44.0 18
£ s %A 1.027  0.0670  0.2768  0.3438 1.683 36.0 11.3
vt 5wt 0663 01527  0.2640  0.4167 2.094 20.9 13.1
0 5 *30 0270 0.1019  0.1001  0.2020 0.969 18.7 14.0
YT 4% —0.124  0.0510 —0.0638 —0.0128 —0.156 423 4.4
=0 =0 0.308 0.1850  0.5126  0.6976 2.191 9.6 21.8
B oy —-0.138  0.0370 —0.1070 —0.0700 —0.168 36.7 18.6

GR and K Tsushima, PRD 84, 054014 (2011); PRD 86, 114030 (2012); PRD 87, 093011 (2013);

GR, K Tsushima and AW Thomas, JPG 40, 015102 (2013)

Interesting cases: ¥*0 ’y*A and X" — ’}/*E+ (% =0 - ’y*EO)
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¥ — eTe” A — Dalitz decay (preliminary)

107
107
107
® K increase |Gu @10’5*
= -6
10
® G2t (0)]oa 1621 ()]
@ Model ~ CFF 0% / ~== Constant FF| ]
/ — — Model
of I/ . ! !
107771 12 13 14 15 16
WiGeV]
S5——————1——— —— l0-3
4 | == wiissocey| Gu©@>0 | b 10" o . E
+ pion cloud T ] § 5 —>ee A
3 kaon cloud = 5
— o | = 107¢ 3
o 50 >y 2
4 o 6] ]
| =10 W = 1380 GeV
15 4
10 ¢ Total 3
M 1 —---- Constant FF
0 ! Y S I L R
;T 08 06 04 02 0 02 107 o ) 03
q [GeV7] q[GeV]
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YT — eTe X" — Dalitz decay (preliminary)

10
10°F
107
@ K increase |Gy Z10°F
S
~ -6
= 10°F
® (G11(0)]y0q < 1G21(0)]
7
@ Model < CFF -8[ ¥ ---- Constant FF| ]
10 7 — —  Model
-9 ¥i . ! !
10712 13 14 15 16
W [GeV]
55— —
b [-=--W=1300 GeV 1
o Eo Vi |
 Woias06Ge ]
Lofewenn pion cloud Gy (>0 l 1 E
3 kaon cloud /

- y[z+

2 ] 3
1 1 i
Total 3
———— Constant FF ]
0 o P S 8 } ) ) 1
-1 -0.8  -0.6 2—0.4 2-0‘2 0 0.2 10 0.05 0.1 0.15 0.2
q [GeVT] q[GeV]
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Decuplet baryon decays B' — v*B

Decay widths in keV ~ £*%~, 2*0~ decays — equivalence to CFF

Decay 'y T.o+.-B
No K Model Exp CFF Model (No K)
A = y*N 621 644 66047
540 5 4FA 314 392 452486 3.4740.65 3.04 (2.4) 5.0440.70 W
P 116 149 250470 1.7840.50 1.07 (0.81)
20 5 450 24 31 <1750+~ T o4 0.220 0.220 (0.16)
TFT 5 4*mT 13 13 < 9.5 # 0.0090 0.0091 (0.0083)
=*0 5 x50 111 172 t 1.253 1.265 (0.76)
E¥T o 4fET 16 2.4 < 366 0.0173 0.0175 (0.012)

m HADES feasibility study EpJA 57, 30 (2021)
T To be measured soon? Increase strangeness production

# Close to experimental limit |G (0)0q = 0.3: [G17(0)] oy < 0.8
M2, -M2)3 .
.« ( B/ B y 2 _ /
Iy = 16 M3, ME |G (0, M) Pete-p = fFeJrffB(% Mp)dg
B
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Outlook and Conclusions

Dalitz decays:
@ Calculation based on Covariant Spectator Quark Model (Bare + Meson Cloud)
[Parametrizations sensitive to SL data (INV(1535)) — p targets; TL data — n targets]
@ Calculations with W-dependence are important to compare with data: ' 4 - 5(WW)
@ Nucleon resonances (N*)
9@ A(1232) result consistent with first Dalitz decay measurement (HADES)
@ A(1232), N(1520): show effects of dependence on ¢%; N(1535) under study
@ Hyperon decays (decuplet baryons decays into octet baryons)
20(1533)
@ Y0 4 ete~ A, ©*F decay ¢%-important; $*0:—, 2*0:— same I'.t+.-p as CFF
@ Y0 4 ete~ A and B*F — eTe~XF: enhancement by K-cloud

@ Expected: measurements of 30(1385), X~ (1385),
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Outlook and Conclusions

Dalitz decays:

@ Calculation based on Covariant Spectator Quark Model (Bare + Meson Cloud)
[Parametrizations sensitive to SL data (INV(1535)) — p targets; TL data — n targets]

@ Calculations with W-dependence are important to compare with data: ' 4 - 5(WW)
@ Nucleon resonances (N*)

9@ A(1232) result consistent with first Dalitz decay measurement (HADES)

@ A(1232), N(1520): show effects of dependence on ¢%; N(1535) under study
@ Hyperon decays (decuplet baryons decays into octet baryons)

@ Expected: measurements of ¥°(1385), X~ (1385), =°(1533)
@ Y0 4 ete~ A, ©*F decay ¢%-important; $*0:—, 2*0:— same I'.t+.-p as CFF
@ Y0 4 ete~ A and B*F — eTe~XF: enhancement by K-cloud

Hyperon elastic form factors at large ¢ [Octet (A, 3, Z), Q7]
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Hyperon elastic form factors at large ¢* (e*e~,pp — BB)

BES-IIT

4 "
10 1015202530 10
2 cmxita
10 T T T T 10)
10"
Zi0”
o
107
1075 10 15 20 25 30 107 10 15 20 25 10 10 15 20 25 3
& [GeV?] & [GeV’] ¢ [GeV?]

GR, MT Pefia and K Tsushima PRD 101, 014014 (2020) — Data from CLEO, BaBar,
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Q) elastic form factors at large ¢>

GR, PRD 103, 074018 (2021)

T T IOU
12 s = 0353 GeV _

= 0.297 GeV/ ol Q ]

oo ol

g1
107
L -4 L L L
% 0.5 T 15 2 10770 15 20, 25 3
Q* (GeV?) Q* (GeV?) q [GeV?]

C Alexandrou et al, PRD 82, 034504 (2010) [lattice]; S Dobbs, et al, PRD 96, 092004 (2017) [TL data]
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Outlook and Conclusions

Dalitz decays:

@ Calculation based on Covariant Spectator Quark Model (Bare + Meson Cloud)
[Parametrizations sensitive to SL data (IN(1535)) — p targets; TL data — n targets]

@ Calculations with W-dependence are important to compare with data: T'_+ - (W)
@ Nucleon resonances (N*)

@ A(1232) result consistent with first Dalitz decay measurement (HADES)
@ A(1232), N(1520): show effects of dependence on ¢%; N(1535) under study

@ Hyperon decays (decuplet baryons decays into octet baryons)

@ Expected: measurements of X0(1385), X~ (1385), =°(1533)
@ 20 5 efe™A, %t decay ¢?-important; £*9~, %0~ same I' 4 .— 5 as CFF
@ ¥*0 s eteA and =*t — eteE1: enhancement by K-cloud

Hyperon elastic form factors at large ¢ [Octet (A, %, E), Q7]

Thank you < gilberto.ramalho2013@gmail.com
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