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\ | would like to summarize the summary of the ECT* workshop ‘




Our Research Vision

We sought to bring together a representative sample
of experimental, phenomenology, and theory groups,
who are working on the nucleon resonance problem.

 Discuss the direction on the study of understanding
the underlying structure of nucleons in terms of the

time-like and space-like electromagnetic baryon form
factors and transitions;

* Delineate the spectrum of excited baryon states;

e Describe and detail how quarks are confined and
acquire mass through the mechanism of dynamical
chiral symmetry breaking.
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Reason for the Workshop

This ECT* workshop brought together several different
experimental and theoretical communities, whose research

spans the kinematical regimes in g between
the space-like and time-like regions

* %= 0 [anchor point] photon-beam (unpolarized & linearly-
and circularly polarized experiments (ELSA, JLab, LEPS, & MAMI)

* %> 0 [time-like] meson-beam experiments (GSI and J-PARC)
proton-antiproton beam experiments (FAIR)

* % < 0 [space-like] electron-beam experiments (JLab)




Following topics were covered

Electromagnetic baryon excitations through meson electroproduction

Theoretical approaches for baryon transition form factors in the
space-like region

Baryon spectroscopy from photoproduction and meson beam
experiments

Amplitude analysis and extraction of baryonic resonances properties
Electromagnetic transitions through dilepton production

Unified description of space-like and time-like baryon
electromagnetic transitions

Vector mesons in medium

Prospects for future experimental studies




Coupled-channels picture of resonance excitation
Motivation

The same N* resonance must
be found in different reaction
channels in a consistent way!




Baryon resonances (N*s and A*s)
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 N*s are broadly overlapping
« Hard to disentangle without polarization observables




Structure of excited baryons

= effective degrees of freedom

= transition charge densities 2
" running quark mass
=> nature of states Laq
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Annalisa D’Angelo 9



Evidence for New N* in KY Final State

State PDG PDG 2016 KA Ny
N(mass)JP pre 2010

N(1710)1/2* * ko * ok * ko * % * ok
N(1880)1/2* ok *k *%
N(1895)1/2 ok *ok * * %
N(1900)3/2* * % ek % ek sk e ko
N(1875)3/2 ok K * ok ok %k ok
N(2150)3/2- ok *% * %
N(2000)5/2* x . = . .
N(2060)5/2" - T "

Study these states in electroproduction and extend to higher masses

Annalisa D’Angelo 4



Quark Model Classification of N*

BnGa energy-dependent coupled-channel PWA of CLAS KA and other data

Particle Data Group
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Preliminary results

LEPS2 BGOegg
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Preliminary results

LEPS2 BGOegg J-Lab CLAS
nucl-ex/1703.00433

1.82 < /s <192 GeV

0.5
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Electroproduction

E, M, S Multipoles

—> }‘Yp= 12 «—

\

Aq72- Azp2, S1p2
helicity amplitudes

.cl'." )‘ N

—> )"YP= 3/2 —>

The helicity amplitudes are related to the matrix
elements of the electromagnetic current via:

Transverse
Ay <N*S*=+3%|e, ke, [N,S,==%> < *Ai
Az <N*,S.*=+3/2|g (M. | N,S,=+15> : Aalz
Longitudinal
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Roper resonance in 2002 & 2016

2002 2016
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The mechanisms of the
meson-baryon dressing

DSE describe successfully the nucleon elastic and the transition
N—A(1232)3/2*, N—N(1535)1/2- form factors with the same dressed
quark mass function (J.Segovia, et al., PRL 115, 171801 (2015)).
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Probing the running quark mass with CLAS12
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Nucleon resonance transitions amplitudes probe the quark mass
function from constituent quarks to dressed quarks and elementary
quarks.

Kyunseon Joo 16




One clear goal

Resolution of probe
Low Q2

3-q core+MB cloud

3-q core
L4

PQCD

S

:

High Q?

<
N
ol

©
H
o

quark mass (GeV)
o
)
O

Allows us to address central the question:

What are the relevant degrees of
freedom at varying distance scale?

B LQCD/DSE
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0 23
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Baryon spectroscopy from J/y decays at BES/BEPC

J/¥Y —> BBM —=> N*, A* % =%

o
.
>
M
)

New mechanism for baryon production & an ideal isospin filter

BingSong Zou MENU 07




PRL 97, 062001 (2006)

PHYSICAL REVIEW LETTERS

Observation of Two New N* Peaks in J/¢ — par~it and p™ n Decays
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N* Electron-production(CLAS/JLab) and dilepton production
(HADES/GSI) data complement each other.

The knowledge gained from the CLAS/JLAB data can be used to
constrain the interpretation of HADES/GSI data.

Space-like g2>0 Time-like g2>0
e~ e Unphysical Physical
| y
p / e’
p \\\ ’
p P \
¢> <0 g? > 4M?
Most world data
. HADES, BES Ill, FAIR
is CLAS data

’ Teresa Pena 20



/

R rest frame N N

PR= (WO,OaO)v PN= (EN,O,O,_qu), q = (wa0,0a|q|)
Timelike 9*>0 Spacelike - -9°=Q*>0
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Teresa Pena 21



Electromagnetic baryonic transitions in time-like
and space-like regions: towards a global picture?

Time-Like electromagnetic form factors Space-Like electromagnetic form factors
Precise data from JLab/CLAS up to -g2=4 GeV

Inverse pion electroproduction /E* g2 <0 fixed

.Y*

variable
p > =
IF(@?
Time-like: not Space-like:
e*e">AB accessible /\ Il 2\ esca ttering)
(Annihilation) e’A—e’B
Time-like
p" > A-eteB
; 0 b (Dalitz decay)
\
~
| 2 Q2=-q
~(ma+mg) -(mp-mg)2

» Theoretical tools: Dispersion Relations, Dyson-Schwinger, Vector Dominance,
Constituent Quarks ?

Béatrice Ramstein 22



|
Magnetic transition form factor 2-A

2.5

la. hy, sm. by, sm. cut.

sm. GA, sm. B,o, la. cut.
2 Hla. hy, av. byg, sm. cut.
sm. GA, av. E’ws la. cut.
la. hy, 1a. by, sm. cut.
1.5 | sm. hy, 2. by, la, QUt. e

s
O
05+
o E
o5f e
q :
-1 0.8 0.6 0.4 0.2 0

@ large uncertainty
— directly related to uncertainty in NLO low-energy constant by
< can be determined from measuring magnetic transition radius

18

Stefan Leupold 23



Time-like form factors J

* Time-like FF’s are complex:
— GH(@?) = IGL(?)! - €'~
— Gy(@®) = IGy(G?)! - e*®™

- AD = Q,, - O, = relative phase between G and G,

* The phase between Gg and G,, — polarization effects on the
final state even when the initial state is unpolarized.

SESII

_panda

Karin Schonning 24



p+p—ppe’e” @ 3.5 GeV

HADES coll. EPJA50(2014) 82 ,,QED” cocktail :

« Experiment
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- neye'e }
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=
==

T
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inv

* several contributing resonances : N*(1520), N*(1720), A(1620), A(1905),..

¢ Excess above ,QED” cocktail . Seems to originate from N*(1520) region

Piotr Salabura 25



Unpolarized decay distribution: Space-like

(c0s 8. 00 ) =—— | Ssin? l -
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Time-like

Polarization density matrices

» The leptonic density matrix is explicitly known:

) 1+ cos?l, + V2cosb,sinf.e'?e sin f,e2i®e |
plip x = 4k |2 V2 cos fe sinfee™ 3_(1 — cos? Be) + & v/2 cos Be sin e’
sin? f,e—2i%e 2cosf.sinf.e've 1+ cos®fl, + o

where a = 2m?/|k;|*  (neglect in the following)
» This gives the angular distribution of €™ and e~ in the virtual photon rest frame:

L\Mlz (1 + cos® Be)(p™f _; + o) + 2(1 — cos® 8, ) ol

+sin? (¥ @ plif | + e7H@e pld )
2cosfesinfe | (o1 o + pif)) + e (P + 057,
> c.f y
o

x ¥, (1+cos’f.)+ X (1—cos’b,)
dMd cos 6.~ d cose i

= I =p"_1+p%, and I =209

Miklds Zétényi 27




Model predictions ?{@ R

Comparison with data DARMSTADT

* Comparison of density matrix coefficients extracted from the data and in
the microscopic model in the same M., and 6.. ranges

P, coefficient

- T ¥ ¥ Y r T
Q. 055k HADES K.
- Preliminary ]
0.5 c
E 1 : 1:-1<Cos 6_ <0
0.45¢ E 2:0<Cos 6_ <0.5
. ]
0.4f - 3:0.5<Cos 6_ <1
0.35—% r
0.3F o= =
= N(1440) :
025} e N(1520) =
L N(1440)+N(1520) .
02;_ 4 — N(1440)+N(1520) %
= ] N N , N | -
1 2 3
09 May 2017 | ECT* workshop, Trento | Federico Scozzi | 22 X{ // & “PN
M H-] £ -

Federico Scozzi 28



Data-Driven Data Analyses

Consistent Results

A

» Single meson production:

Unitary Isobar Model (UIM)
Fixed-t Dispersion Relations (DR)

» Double pion production:

Reaction = Amplitudel]
Models —*— andyss

Unitanzed Isobar Model (JM)

» Coupled-Channel Approaches:
EBAC = Argonne-Osaka
JAW = Jiilich-Athens-Washington => JiiBo
BoGa =» Bonn-Gatchina \i?da_/
Hadronic Electromagnetic
Int. J. Mod. Phys. E, Vol. 22, 1330015 (2013) 1-99 production production
SOUTHCARONINAR: Rl W Gothe clo®  ECT* 2017, Trento, lualy fo  May 812, 2017 “T

Ralf Gothe
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l Data-Driven Data Analyses J

Consistent Results

1

» Single meson production:

EBAC = Argonne-Osaka +
JAW = Jiilich-Athens-Washington => JiiBo
BoGa = Bonn-Gatchina e_a/
Hadronic Electromagnetic
Int. J. Mod. Phys. E, Vol. 22, 1330015 (2013) 1-99 m m

- ] LR
W Ralf W.Gothe ClOSP) ECT* 2017, Trento, lily :’E,’e May 8-12, 2017 _T
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IN THIS SUMMARY OF OUR WORKSHOP FROM
A VERY BIASED VIEW OF A SL. EXPERIMENTALIST

| have said almost nothing or absolutely nothing on

* Dyson-Schwinger Equation approaches

* Covariant Spectator Theory approach

* PWA approaches

* Phenomenological approaches

* Pion form factors across the g2 divide

e Spectral functions

VDM as commonly understood....

* Lattice QCD

* And probably a host of other very important topics

This leads us to...

31



Discussion Focus and Ultimate Goals

1. Establish the nucleon excitation spectrum and reaction models with
emphasis on the high-mass region and gluonic excitations;

2. Measure space-like and time-like baryonic transition form factors, and
thereby quantify the role of the active degrees of freedom in the
nucleon excitation spectrum;

3. Pin down the dressed-quark mass as a function of quark momentum,
which will critically deepen our understanding of mass generation
dynamics and emergence of quark-gluon confinement.

4. Provide the analysis tools to enable comparisons of future lattice QCD
simulations with experimental results.

32



Physics Opportunities with Ivieson beams

William J. Briscoe (GW), Michael Déring (GW), Helmut Haberzettl (GW), D. Mark Manley (KSU), Megumi
Naruki (Kyoto Univ.), Igor |. Strakovsky (GW), Eric S. Swanson (Univ. of Pittsburgh)

(Submitted on 26 Mar 2015)

Over the past two decades, meson photo- and electro-production data of unprecedented quality and quantity have
been measured at electromagnetic facilities worldwide. By contrast, the meson-beam data for the same hadronic final
states are mostly outdated and largely of poor quality, or even nonexistent, and thus provide inadequate input to help
interpret, analyze, and exploit the full potential of the new electromagnetic data. To reap the full benefit of the high-
precision electromagnetic data, new high-statistics data from measurements with meson beams, with good angle and
energy coverage for a wide range of reactions, are critically needed to advance our knowledge in baryon and meson
spectroscopy and other related areas of hadron physics. To address this situation, a state of-the-art meson-beam facility
needs to be constructed. The present paper summarizes unresolved issues in hadron physics and outlines the vast
opportunities and advances that only become possible with such a facility.

Such as |—

135 endorsers from 77 labs worldwide

Bill Briscoe 33




Change in Degrees of Freedom

* As function of g2

Spacelike: F,-Structure Funct.

I
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Ralf Rapp 34
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Some Questions to Ponder

How to compare Helicity Amplitudes between SL and TL?

Can the data in the SL region afford constraints for those in the
TL regime? (e.g. Covariant Spectator Theory, Teresa Pena).

What is the relationship between the density matrix elements
for SL > TL? Again do they offer any constraints on the Helicity
Amplitudes between the SL and TL regimes?

Will there be scaling in g2 >0 and g2 <0 (i.e. Q2> 0)?

Can we find a consistent ab initio approach for the QCD d.o.f. in
determining the SL and TL transition FFs?

What role does the MB Cloud play? (again for SL and TL)? And
how to separate? [Through comparing to other models?]

What are the relevant d.o.f. as a function of g2 for the SL and TL
regimes?

35



11*® International Workshop on the Physics of Excited Nucleons

NoSTAR 2017

Baryon spectrum through meson photoproduction
Baryon resonances in experiments with hadron beams and in the ¢'¢” collisions

Baryon resonances in ion collisions and their role in cosmology

Baryon structure through meson electroproduction, transition form factors, and time-like form factors
Amplitude analyses and baryon parameter extraction

Baryon spectrum and structure from first principles of QCD There will be a dedicated
Advances in the modeling of baryon spectrum and structure . .

Facilities and future projects seéssion on space-llke and
Other topics related to N* physics time-like transition form

August 20-23, 2017 factors.
at the University of South Carolina, Columbia, SC

L N N N N N N

SOUTH(AROMINA®®  Ralf W. Gothe cloS ECT* 2017, Trento, Ialy 5% May 8-12, 2017 m
Ralf Gothe 36
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Complete photoproduction experiments

y+p — K+ A(pr)

= Process described by 4 complex amplitudes

= 8 well-chosen measurements are needed to
determine amplitude.

= Up to 16 observables measured directly

~F : .
@k I’;rvgvgaakngfycjzghas = 3 inferred from double polarization observables
X T p
¥ pR;Q power = 13 inferred from triple polarization observables
Beam (P?) Target (PT) Recoil (PF) Target (PT) + Recoil (P®)
1" yl :_I ;’l‘l ;l‘l ;l‘l y/ y/ y/ :I ::_I :_/

xTr y z r y z xTr Yy z T y z
unpolarized dog T P TI: L ! ; Tz ’ I:; '
PI:Y Sln(Qéw) ]:I é O;rl O;l C:z/ E F _C x/
PZ COS(Q(ﬁ'v) _2 __P __T _idz/ ri‘zl —dO’o fJx’ _'i‘x’
circular P} F —E Copr o —-0, G -H O,

A. Sandorfi, S. Hoblit, H. Kamano, T.-S.H. Lee, J.Phys. 38 (2011) 053001
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Status of Data for Specific Reactions

yp—n’p n'n—n’p ;
¥YP2TN L TN
YN—1T p TP P

0 —
yn—n’n N np—n’n

TP |
* Only tp—=7Ep corresponds to isospin 3/2 while rest of reactions is mixture of

isospins 1/2 & 3/2.

* Measurements of P, A, & R observables (limited number of data available) are needed
to construct truly unbiased PW amplitudes.

GW = . . . .
- 7N elastic scattering data have allowed establishment of 4° resonances.

Bill Briscoe 40



N* in the History of the Universe

- . . »
History of the Universe Schematic Phase Diagram of Hot and Dense Strongly Interacting Matter
Al
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7 nuclear gas ®,
Key: W, Z bosons \/\, photon & 7 =
q quark &) meson " galaxy 5 s g
g e By : Gy, liquid @ color-flavor
€ electron &% ion * 2
WWmuon Ttau black K Z - |0Ck0d
V neutrino D ’ hole | Particle Data Group, LBNL, © 2008. Supported by DOE and NSF (G \ nuclear superfluid \

~310 MeV
Hy

Dramatic events occur in the microsecond old Universe.
® The transition from the QGP to the baryon phase is dominated by excited baryons.
A guantitative description requires more states than found to date => missing baryons.
» During the transition the quarks acquire dynamical mass and the confinement of color occurs.
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k
Photon may be real or virtual,
J”’ YT incoming or outgoing

JI‘L — outgoing
hadroni¢ state \-/ hadyonic state
All hadrons on-shell:
k,J' =0 (r|1ecessary condition) =  gauge invariance
@ [e)
Transition currents:
B: Baryon
i E R: Resonance
R B B R

Helmut Haberzettl 42



Production Current

&— time —
M* =/ﬁ>—< /‘“—”(T{ ' }ai
= FSJ! + JfS;F, + JLAnF, + M,

Generic expressions; summations over all possible intermediate states implied

B s-channel term contains transition-current contributions

Diagrams apply to spacelike process; for timelike process, read diagrams in time-reversed order

B Entire production current must be gauge invariant

Without it, wrong background contribution for extraction of form factors

B Any approximation will likely destroy gauge invariance
B For a microscopic theory, it is not sufficient to fix k,M* = 0 on shell

r;?

H. Haberzettl e Transition Formfactors Workshop, ECT®, Trento, 10 May 2017 -3- o

Helmut Haberzettl %




Introduction: the quark model (ctd.)

SU(B): 6@ 6@ 6=56s® 70D 70, B 20.4.
56 = “10 & ’8, 70="10p'8p 81, 20 =28 @ ‘1.

A(1620)1/2— A(1700)3/2— 210, L=1, 5=1)2
N(1650)1/2— N(1700)3/2— N(1675)5/2~ 48, L=1, §=3/2
N(1535)1/2— N(1520)3/2~ 28, L=1, 5=1/2

The prediction of the correct number of negative-parity states
was one of great successes of the quark model!

A(1910)1/2% A(1920)3/2+ A(1905)5/2+ A(1950)7/2* 410, L=2, §=3/2
N(1720)3/2* N(1680)5/2* 28, L=2, §=3/2
A(xxx)3/2t A(2000)5/2+ 210, L=2, §=1/2
N(1880)1/2+ N(1900)3/21 N(1860)5/2 N(1990)7 /2 48, L=2, 5=3/2
(BnGa) N(1960)3/2+ N(2000)5/2+ 28, L=2, §=1/2
N(xxx)1/2%t N(xxx)3/2* 20-plet! 28, £1=1, £,=1, L=1, §=1/2
A(1750)1/2+ 210, L=0, N=1, §=1/2
N(1710)1/2% N(1740)3/2% (CLAS) 28 (“8), L=0, N=1, 5=1/2 (3/2)
A(1600)3/2* 410, L=0, N=1, §=3/2
N(1440)1/2% 28, L=0, N=1, §=1/2

Eberhart Klempt 44



1. Missing resonances (ctd.)

New resonances!

RPP our RPP A GWU’'06
2010 | analyses (SAID)
N(1700)3/2~ - My *** | no evidence
N(1710)1/2" . - *** | no evidence
N(1860)5/2" - -
N(1875)3/2~ oo *** | no evidence
New evidence | N(1880)1/2" e » e no evidence
from new N(1895)1/2~ e o0 ** | no evidence
analyses N(1900)3/2* .o aadhe *** | no evidence
N(1990)7/2* e N ** | no evidence
N(2000)5/2* e N " no evidence
N(2060)5/2 oo ** | no evidence
N(2150)3/2~ e ** | no evidence
A(1900)1/2— . . ** | no evidence
A(1920)3/2* e e *** | no evidence
A(1940)3/2 . .o ** | no evidence

Too many resonances for quark-diquark models!
Eberhart Klempt =2




R. Ewald et al. (CB/TAPS), PLB 713 (2012)

E,/ MeV
1200 1400 1600 1800 2000 2200
CL2r— 771 71 " T T T
- K'/\ K.zo
- -~ thresholds K-MAID most forward bin
01’_ ' '
: // \\ : | (med) | <cos §,°™> = 0.83
; SR
- a ' 1 K-MAID
Q 0.08|- + i \ é : 7K
2 oak \ % K
~ 0.06+ ) : : - ‘...o
g B / + —~ . \‘; R WW"'I'('""‘
> 5 / ' NN T - - «
o0 K 7 A K im S
) - / / ¢ : : : : o.
- / b ! : N N N\
0.02__ ' '
. : : also:
- % ': X Ramos & Oset,
O T PLB 727 (2013) 287
1700 1800 1900 2000 2100.
W/ MeV -
C | universitétbonnl
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I1aUion ouauLLuI© wiul facluviiaglicul r1ovcd

Study the structure of the nucleon spectrum in the domain
where dressed quarks are the major active degree of freedom.

Explore the formation of excited nucleon states in interactions
of dressed quarks and their emergence from QCD.

3g-core+MB-cloud

3g-core

©

pQCD high

UM LYV LW P
SOUTH(AROIINA®®  Ralf W. Gothe clo®  ECT* 2017, Trento, lualy fw  May 8-12,2017 w

Ralf Gothe
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HADES FORSCHUNGSZENTRUM

Radiative Hyperon Decays

» Low energy TL complementary to high energy TL
(e.g. BES-IIl, CLEQO)

b P(Q?)

timelike: not
ete” — NN accessible

spacelike:
e N e N

charge,
magnetic moment,...

Y
radius

—aM? 0 Q*?
BB—M e'e” B1 —’Bze+€-

Jim Ritman

Jim Ritman 48




&

Space-like vs. time-like FF’s
¢ | ot B
N ete” > BB
| BB »ete”
e B—->e B BES Il
e.g. JLAB BELLE Il
PANDA
0P = 0 _ .
@F=q? <0 =0 ¢ = (MprMg? @ =(mgptmgf &
B, - Byy

BESIT ( panda

Karin Schonning




clectromagnetic torm tactors or hyperons

to large extent
terra incognita

@ electron-hyperon scattering complicated
~+ Instead:
e reactions e e~ — hyperon anti-hyperon (Y; Y2) ~ BESIII
< form factors and transition form factors
for large time-like g°> > (my, + my,)?
(time-like means g > 0, i.e. energy transfer > momentum transfer)
o decays Y1 — Y2 e e~ ~ HADES+PANDA

< transition form factors for small time-like g% < (my, — my,)?
4




Radiative Hyperon Decays

= Decays to real and virtual photons
sensitive to baryon structure: A(1520)

['=156
J=3/2-

= Y-2>Ay: test of CP violation a0

................................ - 50
)= 1/2-

= Hyperon >Aee not measured at all:
strong effects of vector mesons
expected

A(1115)
1=1/24

Jim Ritman

. panda OJUUCH

1=0
_
|
|
|
i
I
|
|
|
i
[ — =1
; £*(1385)
| B -3
: L )= 3/2+
| //’
; 0.85%+0.15% .
[ ~ 1.2%10.13%
[ g
[ ”
| s £(1192)
: / )= 1/2+
I -~ o
i g ””
. B -

Jim Ritman 51



Electromagnetic structure of baryons

Dalitz decays p i As3 (0=3/2) > N (J=1/2)y
; A F(Q.!) é k: space-like
Zo9
timelike: spacelike: 5

N*—>Ne+e-

E'N—>e'N* 0.72_

e+e-—>NN)

charge, i
magnetic moment,... 04f

0.3F

LY
radius

02f

0.1'. P |

- v 1 Q* (GeV?)
. . G. A d V. D. Burkert,
—4M*? ﬂ 0 Q- Prog.ZPnaarltJ.nr:Jir::mhys. 67, L1”(28012)
—an 1 "m dq®
deR—lN.’ﬂ“l——ffﬁR—HVV = —=1"[1 + — .
3 q* g*  ¢* R— Ny*:em. Transition Form Factors

for example for J=1/2 R (J23/2) : (3) Gy (9?), Ge(a?), Gc(a?)

| R (J=1/2) : (2) Gwm/e (a?), Gc (g?)
[(R — Nyx) |GM/E( 41)' + IGC(M)I _

.. or covariant eTFF

»QED”

M. L Krlvoruchenko et. al

Piotr Salabura iy 52



The Decay Angular Distribution

The complete angular distribution W(cosf), ¢, ®) is given by,

W(cost,9,®) = WO(COSOa ?, ,025) — P, cos29 Wi (cost, o, /)(ll )
P, sin 20 W*(cos 0, ¢, p25),

where

3.1 1
WO(cos,¢,p05) = 5[5 sin” 0 + 5(3 cos” 0 — 1)p{

—V2Re pl,sin20 cos ¢ — p! | sin® @ cos 2¢]

3 .9 2
- [p1, sin® @ + pj, cos® 6
=

V2 Re pl,sin20 cos ¢ — p!_, sin’ 0 cos 2¢)

Wl(cosh, ¢, /7,1,.7’) o

3

/I

W2(cos @, ¢, p2s) = (V2 1Im p?,sin 20 sin ¢ + Im p?_, sin® fsin 2],

and ¢ and ¢ are the polar and azimuthal angles of the normal to decay plane of
7 wrt to the quantization axis, and P, is the degree of linear polarization.

W /" /\ /"

By using linearly polarized photons, we are sensitive to six additional
density matrix elements, providing a total of [nine constraints| for ex-

tracting the helicity amplitudes.




Towards a new extraction of N* couplings in the 2n channel and
pioneering studies of time-like electromagnetic transitions (HADES)

Goals: New data for baryon spectroscopy
- Hadronic channels (nr) : Partial Wave Analysis with Bonn-Gatchina model (A. Sarantsev)
- 4 data samples from HADES (r-p— nrt'it / m-p—nn® p ) + photon and pion database
— e.g. N(1520) branching ratio to A, pN ,cN
- Electromagnetic channels (e*e”) Very first information for e.m. transitions in time-like region

Partial Wave Analysis p—nm'e \s=1.49 GeV/c?> | Quasi-free TTp—>ne‘e"

= 50 x107 . ' ' 0° gy

g5 ik

o 40F = [ Mee Total

8 ssp ‘ ’ n’—etey

© 30
25 n—e‘ey
2 0 N°(1520)—ne'e’
10f sy, A%(1232)—sne*e"
5 : _ I ’77/}7
8203 04 05 06 07 O L i

M GeV/c2 0.1 045 02 025 0.3 035 04 045 0.5 055 0.6
nv e c .
Tt ( / ) vaee ( GeV/CZ)

Impact on:

—> Space-like transition form factors extracted from ep — e’Nnt (CLAS data)

— understand the role of p meson in time-like e.m. baryonic transitions (HADES data)
— medium effects (p coupling to baryon resonances)

B. Ramstein 54



PWA 7' inv. mass p contribution g R

DARMSTADT
nwp— n'wn at 0.69 GeV/c —
0’ Inside HADES acceptance
= =% ]
Soss 3|
< | S 7 :
T 03 - T el i
: - i
) e 3
02} 25| ,
0.155, 1 20 . %
= f -
} ‘0;' ,_..r‘ 1 ’f
0.05} E J
E I_/ hossddiossbesa 5[ ‘/ ssasanias -3
82 03 04 05 08 07 82 03 04 05 06 07
M [GeVicT) M, [GeVicT)
- pN — pN(s-channel) pN(from D,;) --- pN(from S,,)
N(1520)D,, coupling to pN: 12 % ‘Dominated by s-channel
. ‘Resonant D13(1520) production
Total pN : 1.3 mb -Strong interferences between

1/2 - states with isospin 1/2 and 3/2

- 2 BN
09 May 2017 | ECT* workshop, Trento | Fedenco Scozai | 10 ] - ) PN

Federico Scozzi 55



4% TECHNISCHE
HEU=\ UNIVERSITAT
V8" DARMSTADT

Model predictions
Comparison with data

Pyo coefficient p, , coefficient

o2 1 o 06
08 HADES 0.4 HADES

' Preliminary 0.2 Preliminary
06 0
| -0.2
04 04
-0.6
0.2 -08
-4
OI 1.2

1 1.5 2 25 3 1 2 3

» Model independent statements: transverse photons give p,,=1/2, p,,=0

* Data indicate significant contribution of longitudinal virtual photons, especially for
cos 0., in [-1,0] and [0.5,1].
*Consistent with pure contribution of N(1520)

* Points to a too large N(1440) contribution (also supported by PWA of n-po>nn*n-
channel)

* Effects of non-resonant terms to be studied

09 May 2017 | ECT* workshop, Trento | Federico Scozzi | 23 X //& x\”\ d‘ PN
’

"-]L T —

Federico Scozzi 56



LVVhat are the Density Matrix Elements? J

Density matriz elements, are related to the helicity amplitudes.

1.1 ..
(p°, p") = H(§I, 50”)H' n = 1,2,3
where H is the helicity amplitude matrix, and ¢” are the Pauli spin matrices.

The density matriz elements can be written as a sum of bilinear combinations of

the helicity amplitudes. (The summation over the nucleon spins is implied). For the
unpolarized case:

0 - * [/
P\, = > Hy .\ H AN Ay, AL =1, —1
Ay A -

Some Examples

o0 measures the intensity of the helicity flip by one unit
at the yw vertex, i.e., p8y ~ |Ho1|? + |Ho—1]°.
P4 measures the interference of nonflip and double-flip

amplitudes, ie., p}_ ~ HyH*\ + H_1H*|_,.

a—



For unnormilized density matrix elements:

H.,+H
p11 = 5 poo=H
1 1 -
= —[Re(—H,. —iH,.] = —[Re(—H,.) + ImH,.
P10 \/5[ ( z y] \/é‘ ( ) y]
_]_Iyy—HII
Pr1-1 = 2

For the electroproduction:

dUT - IEWNI H;r.'c +Hyy daL . “-c.m'.'\'

= 7 Y sz
A% [Rey| 2 A% Tyl
dUTT IEW.'\'l H;r.r - Hyy dUTL |Ew;\'
N — = -_— - ReHI:_
dd% |k, N 2 d%  |ky-n ( )

Andrey Sarantsev 58



Lepton angular distributions

Lepton emission

E. Speranza, B. Friman, M. Zetenyi

Physics Letters B 764 (2017) 282-288 Spin density angles
A.Sarantsev to be published matrix z
t € <—— chosen polarization axis
2 had . 8 +
Z |IM|* = Z P53 ﬂ' production \e for example y*
— plane directi
pol irection
X 4/< :
e? (P »Helicity frame”
had u hadron d to y* ‘
Puar = 7€ (k A )Huvev(k /1) acton decaytoy , particle
CI rest frame
le 1 ! Vv i . hoton polarisation vectors
p}_'l_]i — (_-.I'-‘-' ”;__ A ”” S E ”{ j,.]. _ QED: y* decay to e+te- P P
1
. . . O -y It _ - _
1 % V2 sin @ cos fet? sin® fe?'? “lk.—1) = ﬁm' 1, —i,0), transverse
ﬂd” =3 V2 sin @ cos fe—1? —/2sinfeas fe'® | €“k.0=(0,001),  lonsitudinal
sin? fe=2¢  —/2sinfcoshe=¢ @ “(k.+1) = ———(0,1.i,0). transverse
V2
2 2
for example for A—>Ne+e- at small g2 |[M|* ~ 14+ Bcos“6,B~1

P|otr Salabura 59



A, , Electrocouplings |

-100

-200

300
200
100

0

A P11(1 440)

scaled by Q3




mpirical parametrization

example of a fruitfull ECT* discussion

at ECT* Workshop, Trento, October, 12-16, 2015
Nucleon Resonances: From Photoproduction to High Photon Virtualities

L.T. Few-Body Syst 57 (2016) 1087 - problem with Siegert Theorem discussed
G. Ramalho, Phys. Lett. B 759 (2016) 126 - problem solved for S11(1535)

G. Ramalho, Phys. Rev. D93 (2016) 113012 - problem solved for P33(1232) and D13(1520)

modified MAID-SG parametrization for S11(1535):

A2 =ag (1 +01Q2)e_a4Q2, (19)
51/2—ﬂ56 (1+$1Q2+52Q ) 5107, (20)
Q?
202
lq| = & where Q2 = (Mg £ M)? + Q2.
2Mp

Lothar Tiator 61




al parametrization for N(1535)1/2™ Sy,

G. Ramalho, Phys. Lett. B 759 (2016) 126

100 T T T T T T T T Y Y T
b : o Gydaa
0.2~ s xG.dam <4
- el
0.1~

Lothar Tiator 62



