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Hall B N* Program Overview

| The N* program is one of the key physics foundations of Hall B |

* CLAS & CLASI12 were designed to study exclusive reaction channels
over a broad kinematic range:

nN, oN, 6N, nN, n'N, mzN, KY, K*Y, KY*

* Goal is to explore the spectrum of N* states and their structure

- Probe their underlying degrees of freedom via studies of the Q?
evolution of the electroproduction amplitudes

- these amplitudes do not depend on the decay channel but different final
N* degrees of freedom?? states have different hadronic decay parameters and backgrounds

- provide insight into the strong interaction in the regime of large QCD
running coupling from the electrocouplings of different N* states

The Q2 evolution of the extracted N* electrocouplings offers
unique insights into the emergence of hadron mass (EHM)

s Doniel S. Carman I Jeffg?son Lab =ssssmm Hadron Spectroscopy Workshop - June 16-17, 2022 mmmmmm Page 2 mm
o



Excited Nucleon Structure

* N* structure is more complex than what can be described accounting for quark degrees of
freedom only

T,P,0...
(SN
structure well described by adding ’6& @ quark core dominates; transition
an external M-B cloud to quark core 9' from confinement to pQCD regimes
(Q*< 2 GeV?) 3q core + M-B cloud  3q core pQCD (Q*>5 6eV?)
low Q2 > high Q°

« Studies of the v, NN* electrocouplings from low to high Q?
probe the detailed structure of the N* states

- The momentum dependence of the underlying degrees of freedom
shapes the structure of N* states and the Q? evolution of the \\

At2, Assz, Si72
helicity amplitudes

electrocouplings

- The electrocouplings are the only source of information on many " n
facets of the non-perturbative strong interaction in the generation - - < Ays, Asys- transverse

of different N* states b . R
A=312
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N* Electrocouplings from CLAS

>|> o | N(144O)1/2+ >> “F N(1520)3/2- “ CLAS Electrocoupling Extraction
© ef - © 20 [ S )
O I ‘ ) MB contributions Reaction * A%
S ol S o Channel N*, A* States
S | : S | ©p, m'n | A(1232)3/2", N(1440)1/2",
~— 20 | 1 — 20 p
X f - X Tt N(1520)3/2-, N(1535)1/2-
S o q 40 wn | N(1675)5/2", N(1680)5/2",
< L { MB contributions < . N(1710)1/2*
-40 _' ® Nr 80 [ : A np N(1535)1/2_
LF ROM A p7t+7t_ i LF ROM A RPP TC+T[_p N(1440)1/2+, N(1520)3/2_
SOL ARES e DSE A REP 100 | m CrAs" A(1620)1/2-, N(1650)1/2,
o " s o [ V.- Burkert, FBS 57, 873 (2016) N(1680)5/2*, A(1700)3/2",
R ; P I N(1720)3/2*, N'(1720)3/2*

@ (6eV?) Q¢ (6eV?)
Electrocouplings reveal different interplay between meson-baryon cloud and quark core:
- Good agreement of the extracted N* electrocouplings from Nz and Nzr:
- Compelling evidence for the reliability of the results
- Channels have very different mechanisms for the non-resonant background
- KY channels hold promise to enable comparisons to Nnx for higher-lying states where N= coupling is small
Data on the electrocouplings over broad range of Q? are needed in order to:
- Map out the transition from meson-baryon to confined quark degrees of freedom
- Gain fundamental insight into strong QCD dynamics that underlines hadron mass generation
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Emergence of Hadron Mass

Mass Budgets
Standard Model paradigm:

Effective quark mass
depends on its momentum

* Proton is described by QCD ... 3 valence quarks

* Pion is also described by QCD ... 1 valence quark and
1 valence antiquark

M=M(p) Mo=Mppm
q q

—>—O—>— = —> 4+
dressed bare quark
quark

Why is # 1 GeV proton mass paired with # 1/7 GeV dressing kernel

g g
pion mass in the same theory of Nature? \ A . it E
proton 94%

« Ground/excited state nucleons probe EHM in an arena where =@ im e B ENER EER |
the sum of the dressed quark masses is the dominant /“"fmemen'r regime: constituent quark mass
contribution to the physical mass L T T
%, 0.4F-23N Courtesy of
« Studies of differences « vs. K structure are also critical to A SR C.D. Roberts
unravel/test separation of emergent and Higgs mechanisms = 03¢
(AMBER@CERN, EIC/EicC) TES’ 0_25. ‘:“:ig., Dressed
- ; 5, gluons
« Consistent results on the momentum evolution of the dressed % 0.1} Dressed “\_
quark mass function from studies of baryons and mesonsare = ¢ e
of importance for the validation of insight into EHM o ] 5 3 4\ approaching bare

Higgs mechanism
mass

Momentum (k), GeV
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Data Results vs. QCD Expectations

N->A(1232)3/2*
=8 Magnetic FF

) quark core
.. dominance
Substantial
contributions
from M-B
170 | cloud

CSM calculations

J. Segovia, PRL 115,

171801 (2015)

L
10° 17 10

Q* (GeV?)

Q*F.(Q% / GeV?

C.D. Roberts et al., Prog. Part.
oH Nucl. Phys. 120, 103883 (2021)

Pion Elastic FF |

0 5 10 15 20

Q? (6eV?)

Lo | N(1440)1/2* ||

> -
quark mass:
frozen
] A ° Nx
T running s px'm
A RFPFP
4 W CLAS
n
0 1 2 3 4 5
Q? (GeV?)

1.0

0.5

0.0

-0.51

-1.01

\::ileon Elastic FF

C.D. Roberts, Symmetry
12, 1468 (2020)

A(1600)3/2* Electrocouplings

0 111 25|||| o011
Sk . - ] :
q : 1o 20 19 -10 ]
2 1% -
O is5f 10 B 1 O -20r .
g S I 18 ¢t
S 20 b 1S 0k 1S 30 F .
¥ f 0 1. |
S5 1 8 | 1 &
<t v 5| l <40l .
30 F . [ [
_35:....|....|....|....|.... 4 J SN B AN B B 71 ) PSP SN B S S
20 25 30 35 40 45 20 25 30 35 40 45 20 25 30 35 40 45
2 2 2 2 2 2
Q (GeV") Q (GeV) Q (GeV)

continuum QCD predictions:
- Ya Lu et al., Phys. Rev. D 100, 034001 (2019)

Experimental ep — e'pn*n- data from CLAS:
- V. Mokeev, AMBER@CERN-VII Workshop

0 5 10 15

Q? (Zevz)

Description of pion, nucleon elastic FF and A(1232)3/2",
N(1440)1/2* A(1600)3/2* electrocouplings achieved with
the same dressed quark mass function

Together these different results confirm the CSM predictions,
solidifying evidence for the momentum evolution of the dressed
quark mass and its role in describing the emergence of hadron
mass
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CLAS12 N* Program

* Measure exclusive electroproduction of Nz, Nn, Nnr, KY final states from an unpolarized
proton target with longitudinally polarized electron beam

Spr. 18

E,=6.6,88,116GeV,Q2=0.05— 12 GeV?, W — 3.0 GeV, cos 6,, = [-1:1] 126 mC
10.4 GeV,
E12-09-003 Nucleon Resonance Studies with CLAS12 RG-A S;”ml? 10.6 @ZV
E12-06-108A KY Electroproduction with CLAS12 Spr.19 | 50%of tota
E12-16-010A | N* Studies Via KY Electroproduction at 6.6 and 8.8 GeV 2l T
E12-16-010 A Search for Hybrid Baryons in Hall B with CLAS12 RG-K gg“n:g 7.5 GeV
10% of total

1. Study higher-lying N* states:
« confirm signals of new baryon states observed inyp — KY 3. Probe quark dressing effects and di-quark

* search for predicted qqqg hybrid baryons correlations in N* structure:
2. Understand active degrees of freedom that account ~ ° important aspect of N* structure and electrocoupling
for N* structure vs. distance scale: amplitudes
. explore dynamical structure of N* states from low to high ~ ° Provide insight into emergence of hadron mass vs. Q°
Q2 - meson-baryon cloud to quark degrees of freedom - different N* quantum numbers allow study of
- expect precision in electroproduction to match different qq correlations

photoproduction for Q% < 2-3 GeV?
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CLAS12 Spectrometer

Beamline High Threshold Cherenkov
& F
E| Target 0 Forward Tagger
N | Central Vertex Tracker Torus R Drift Chambers
: : 0 -
T| Central Time of Flight | W| Low Threshold Cherenkov
z Central Neutron Detector S Ring Imaging Cherenkov
| | Back-Angle Neutron C N D Forward Time of Flight
Detector , . = EM Calorimeter
Solenoid . Ny Lonae = 10% cm 257!
‘ o2 Forward Central
T § ot it S Angular 50 - 35° 350 - 1350
beam — — b : 1K coverage
Momentum  8p/p < 1% 3p/p < 5%
5 resolution
'54 V/‘ 0 resolution 1 mrad 5 - 10 mrad
)N - - UM A

¢ resolution 1mrad/sind 5 mrad/sind
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Hall B “CLAS24” Upgrade

- Tracking:
DAQ: . |
: * AL-based cluster finder; necessary
* Present operation 20 kHz, 200 MB/s, 90 L.T. e W\ to keep tracking efficiency € > 85%

* Push to 30 kHz, 1 GB/s for higher luminosity operations

« Develop L3 trigger to reduce output to -
tape/storage
O
= ;’
T AN * Inclusion of new high-resolution p-strip
\ = = detectors (uRWell) to separate track
= = N from background hit segments
— S o =
. | '
B eam I Ine: Parameter Requirement | Unit = U-strips
_ Beam energies <11 GeV > —
* Beam currents to few pA = | Beam currents <500 | nA |£ -
- Current instability ~ 10 % 2
+ Py > 80% -l B - =
. . . Beam widths (o, oy) < 300 m - | o
* Maintain beam STClbIIITy Position stability < 200 Zm — oo
. Divergence 100 rad DLC layer (<0.1 )|
and emittance specs Beam halo (> 52) | <107 | RS L
. . Beam polariza.tfion' >80 % .
* Upgrade instrumentation [ Accuwaey of polesiaation |~ <3 1 % s —
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HTCC:
* Designed for e/n separation
* p, thr @ ~45 GeV

Central Detector:

e r =25 cm; rate limitations vs. &
e Detailed studies needed for

CTOF,CND, CVT

ctoF ™K 0586eV P
3c K/p 0936GeV iy ik
sep. n/p 114 GeV R \

Other Considerations:

silicon wafers

CLAS* SVT

silicon strips
large angle

- vertex reconstruction

- high rate operation near
target

- tracking in full azimut

readout

pitch ~ 300um

V. Burkert - Messina workshop - Mar. 22

Hall B “CLAS24” Upgrade

ECAL:

« Shower containment of 22 R.L.
- should work for E,=24 GeV

FTOF:

» Higher = higher PMT currents
= reduced PMT life

frop /K 286eV
46  K/p 486GeV
SeP- 1/p  B4GeV

RICH:
« Currently in only 2 of 6 sectors:;

momentum range of PID superior to
FTOF alone

O, [mrad]

* Entirely new large-acceptance detector not
realistic

Strategy: consider smaller-scale upgrades

"|1|||||||
200, 9 10

1

P [GeV]
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Hall B “CLAS24” Upgrade — Scattered Electron

The electroproduction cross section for any exclusive meson
production reaction falls of f rapidly vs. Q2

O
-

CLAS24 extension

>

Over the range of Q2 accessible at E,=24 GeV, the
cross section drops by ~6 orders of magnitude

do/dQ (arb. units)
o

This drives the necessary luminosity for the experiment -
consideration of £ £ 1036 cm-2s-!

Work in progress:

O O & O -
] ) B m
© [T

10 20 30
. @ (GeV?) 5 - Simulation studies in progress for a
I ke, 225 h number of exclusive channels:
B '—'- | [
§ 25 :— g i 20 104 ° TC+n, T[Op, TC+TC—p, K+A, K+ZOI (e,e X)
o0 - " 03 * Goals:

» Determine necessary collected
charge for a viable experiment

10 * Optimize CLAS24 configuration

« Develop analysis approach for
exclusive processes

o
| |
| |

10 10

1 TN |
5 8
pe (GeV)

o
Uﬂ ||||||||| |||||||||_

1.5 2 2.5 3
W (GeV) 0. (deg)
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c.m.

cos 0

p (GeV)

<o = MW~ 3~ 0 DO

Hall B “CLAS24” Upgrade - Hadrons

Test study:e+p o e +K+Y,¥Y=A, X0

K+
I-I-I F 111 H | .| I 1 1 -I H
0 20 40 60 80
0 (deg)

e o Rl :
oL A -F'*F'.-.."i' ‘iJil-'P!F'_-:-'l-i'i-.rﬂJi' L1

1

—100 O 100

@ (deg)

18000 = ID 511 200 = D 512
C Entries 875181 - Entries 39215
7 16000 Mean 1.178 - Mean 1.187
STET :ﬂ - b RMS 0.1192 700 LRMS 0.1236
SesEL p 14000 [ -
6 - - 107 C 600 F
a 12000 F =
°F - K+ 500 E K+
: N 10000 F forward = central
s E u 400
'y ' = 107 8000 F :
5 I-L = 6000 | 300 E
2 Ii__ — 10 4000 F 200 |
1 | = 2000 E 100 F
- O'||||||||||Ill :|||||||||||||
M O
0 [ I I B B B B o e 1 1 1.2 1.4 1.6
0 20 40 60 80 ' 1 1.2 1.4 1.6
0 (deg MM(e'K*) (GeV)

e Current CLAS12 momentum resolution is ~1%

« Doubling the energy likely precludes missing mass analysis for high purity signal
separation

« Improvements in acceptance can compensate to a degree (and needs study)

« The two-body acceptance for "CLAS24" e'h* is ~20% and for e'h;*h,* is ~5% with
unchanged CLAS12 configuration

* The initial steps would be an extension of the program with CLAS12 with
improvements in tracking, vertexing, and PID
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Energy and luminosity increase are needed in order to obtain information on the y,pN* electrocouplings at
Q2?10 6eV?, allowing us to map out the momentum dependence of the dressed quark mass within the entire

JLab — Luminosity Frontier

range of distances where the dominant part of hadron mass is generated

m2s™)
o
®

-—

o
w
[

Luminosity (c
2 S

Both EIC and EIcC would need much higher
luminosity to carry out such a program

The luminosity "frontier” is a unigue

m Danicl S. Carman _.geff;?son Lab =

TTT] T T T T T T T T T

E x (Q°=2GeV®) s5x107 5x10 5x10°° 3
= C E
= EicC ol 7
I EIC = E |
E ¢ ™ LHeC %
E T TcoMpass T =
HERMES H1/ZEUS |
B doubly pol d beams unpol d beam ]
| d - II il Il 4 e lkl
10 100 1000

Center of Mass Energy Vs (GeV)

advantage of JLab

The electroproduction measurements

foreseen at JLab in Hall B after
completion of the 12 GeV program:

Beam energy (~)24 GeV

Nearly 4r coverage
High luminosity

Hadron Spectroscopy Workshop - June 16-17, 2022 i Page 13 mumm

CLAS24
CLAS12
CLAS p=vQ?*/3

Continuum Schwinger |

) Method ]

":i‘? \ Dressed ]

““ QIUKA

RN |

\- Dressed

\-."‘*-.-..,Tﬁ‘rii\__ﬂ#'“\ ]

L, . . \A \ A A A T I
0 2 3 4 k/GeV

Studies of exclusive reactions



Hadron Structure Studies with CLAS24

Contribution of the Hadron Structure Group to the Physics Motivation to Increase H ad r‘o n S 1' r‘ u C'l' u r‘ e G r‘o u p i n H a l l B d eve l o p i ng

the Energy and Luminosity of JLab

Ind results
.
Itis worth recalling that examination of the ground state of the hydrogen atom did not give . Notably, h 1- 1- C L A S 2 4 d
us sufficient insight into QED. It did not even bring us close. Equally, studies of the ground Jentical to Lire of p ys l CS Cas e o S u p p o r‘ u p 9 r‘a e
state of the proton alone cannot reveal whether QCD is truly the theory of strong r range of blings
interactions in the Standard Model. The future of hadron physics lies in high-energy, high- b)3/2+
luminosity facilities that are capable of moving beyond the 100-year-long focus on the oht-quark CSM

structure of the ground state of the proton to deliver insights that will dramatically expand
our store of knowledge concerning the complete array of Nature’s hadrons. In this context,
studies of the structure of excited nu;:leon states (N*s) from the data on exclusive meson lependent nent
electroproduction in terms of the Q? evolution of their electroexcitation amplitudes, i.e. . nto the Th D s

their xpN* electrocouplings, offer a unique opportunity to explore many facets of the _are self- h beam ° Jeffer‘so n LClb (HGI l B Gnd CO r‘y IVIS I O n
strong interaction in the regime of large (comparable with unity) QCD running coupling phow how Er the V. We

(i.e. the strong QCD regime) that are evident in the distinctively different structural ks with a jon of Inetries

features of these excited states [1-5]. Data on the ypN* electrocouplings over a broad nszt?\u;:g s will eV and ° U n ive r's i Ty o f Co n nec T i C u 1-

range of Q? are critical in order to explore the evolution of the strong interaction in the bhdron action

i o Sy List of Participating Institutions:

transiton from the strong to the perturbative QCD regimes [1,2,6,7). These prse array kems. m the hces in . .
electrocouplings provide needed experimental input for the development of the theoretical ons and looks . Lt least (] Genova U nive r's | Ty an d I N F N (o] f Geno va
ipti i Data from arison

approaches necessary for the description of the structure of both the ground and excited . erent cesses
nucleon states starting from the QCD Lagrangian, as well as within advanced quark Ses I'" ”ﬁ’ erent ired. A . .

dels. levelope - L U
models o [nathe * Lamar University
The Hadron Structure Group at JLab proposes to extend the studies of the xpN* essed . . .
electrocouplings from exclusive meson electroproduction processes initiated with the facility pected ° O h o) U niver S | 1’
CLAS detector in Hall B at beam energies up to 6 GeV and continued with the CLAS12 plings fer than y
detector at beam energies up to 11 GeV, to a proposed CLAS24 configuration at beam ut the k mass . . .
energies up to 24 GeV. Such experiments at the highest photon virtualities Q2 ever hge of ps with ° S k b l N I Ph I d P h D
achieved (10-36 GeV?) in studies of exclusive meson electroproduction will allow for the n fully pminant o e TSY n U C CG r| ys | CS nST l 1- UTe Cln YS I CS epa r'T m e nT aT
realization of the goal to improve our understanding of the fundamental underpinnings of bative nearly . .
the mechanism for the emergence of hadron mass (EHM) in these strongly interacting N* freased L M S U
baryon states based on description of these data. The proposed experimental program, e most O m o nos OV os CO W TaTe n I ve r's I Ty

along with the associated experiments in JLab Halls A/C and the planned studies at rgence . . .
AMBER@CERN, EIC, and EicC focused on the structure of zand K mesons [2,11], are bn and ° U f S h C l

of particular importance in order to understand the dynamics of the processes that n|ve r's I Ty o OUT ar‘o |na
generate the dominant portion of visible hadron mass in the Universe [1,2,8,9,10].

The current quark masses that enter into the QCD Lagrangian are generated by the Higgs ° IN FN S@Z di RO mCl TOF' Ver' GTG Gnd UﬂiVCI"SiTG di RO mCl TOf' ver‘ GTG
9 9

mechanism, and account for less than 2% of the mass of the proton and neutron. asses vs. b)3/2+
Therefore, understanding how these bare current quarks evolve into the fully dressed motion for ¥ o . . d . I . d . .
constituent-like quarks relevant for understanding the structure of baryons and mesons is transition good ° NCan ' ng U n | Ve r'S I Ty C( n aff I | C(Te l nS T | TU TCS

one of the most fundamental and still open problems within the Standard Model. Recent o the

rapid and significant progress in the development of Continuum Schwinger function :atiog . . .
Methods (CSMs) [9,10], achieved by an international group of physicists and coordinated 3/2* and slse ° Tu b | ngen U niver S | Ty
by the Institute for Nonperturbative Physics at Nanjing University, has provided a concept CSMs to cleon
for understanding EHM, which has been tested in comparisons with, inter alia, inction as . . o . o
e « Tomsk State University and Tomsk Polytechnic University
1 ;enérated - ¥ . M d . U . .
o James Madison University
JLab
2 line). °

George Washington University

| I i https://userweb.jlab.org/~carman/clas24
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Concluding Remarks

* The study of N* states is one of the key foundations of the CLAS physics program:

- CLAS has provided a huge amount of data up fo Q% ~ 5 GeV? - electrocouplings of most N* states
< 1.8 GeV have been extracted from these data for the first time

* The CLAS12 N* program is extending these studies for 0.05 < Q? < 12 GeV?:

- Analysis of the collected data is underway and advancing well

- Experimental results on N* electrocouplings from different final states will provide new insights into
strong QCD and validate insight into the emergence of hadron mass (EHM)

- Studies of the hadron sector are complementary to studies in the meson sector

* A possible CLAS24 N* program will provide a culmination to this work:
- Bridging the gap between 12 GeV and EIC energies (20-140 GeV) will provide information on the dressed
quark mass function at the full range of distances where dominant part of hadron mass is generated

- Program addresses the most challenging problems of the Standard Model on the nature of >98% of
hadron mass and quark-gluon confinement

- Capability To measure exclusive reactions for Q? to ~30 GeV?at £ > 1036 cm-2s-! and 4n coverage wil/
make JLab24 the ultimate QCD machine to explore hadron generation in the strong QCD regime
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CLAS N* Program Measurement Overview

Reaction Observable Q% (6eV?) | W (Gev) Reference
04-10 13 - 1825 |PRC 98, 025203 (2018)
doldm 20-50 14-20 |PRC 96, 025209 (2017)
ep-->epr'm do/cose, do/do 0.25 -0.60 1.34 - 156 |PRC 86, 035203 (2012)
02-06 13-157 |PRC 79, 015204 (2009)
05-15 14-21 PRL 91, 022002 (2003)
do/dQ 04-10 10-18 PRL 101, 015208 (2020)
Ay, Aey 10-60 11-30 PRC 95, 035207 (2017)
ou. ot ot |10-46 20-30 |PRC 90, 025205 (2014)
Gu, OLT, OTT 20-45 108 - 1.16 |PRC 87, 045205 (2013)
. do/dt 10-46 PRL 109, 112001 (2012)
ep --> epr
do/dQ 30-60 11-14 PRL 97, 112003 (2006)
As, Agt 0187-077 J11-17 PRC 78, 045204 (2008)
oL 04 -0.65 1.34 - 146 |PRC 72, 058202 (2005)
As, Agt 05-15 11-13 PRC 68, 035202 (2003)
Ou, OLT, OTT 04-18 11-14 PRL 88, 122001 (2002)
At, At 10-60 11-30 PRC 95, 035206 (2017)
As, Agt 005-50 11-26 PRC 94, 05520 (2016)
At, At 0.0065-035 11-20 PRC 94, 045207 (2016)
oy, OLT, OTT 18-45 16-20 PRC 91, 045203 (2015)
do/dt 16 -45 20-30 EPJA 49,16 (2013)
ep->ent’ o 04-065 |11-13 PRC 85, 035208 (2012)
oy, oL, oTT,0LT 1.7 - 45 115-17 PRC77,015208 (2008)
Gu, OLT, OTT 0.25 - 0.65 11-16 PRC 73, 025204 (2006)
oLt 04 -0.65 134 -146 PRC72,058202 (2005)
Gu, OLT, OTT 212-416 111-115 PRC 70, 042201 (2004)
Act 035-15 112-172 PRL 88, 082001 (2002)

mmmmmmmmn Daniel S. Carman I Jeffg?son Lab =sssssmm Hadron Spectroscopy Workshop - June 16-17, 2022
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Reaction Observable Q%(GeV®) | w (GeV) Reference
en-->epr | Ay, Aer 005-50 11-26 |PRC 94, 05520 (2016)
oy, OLT, OTT 16-46 20-30 |PRC 95, 035202 (2017)
ep->epn |oy oir,orr  |013-33 15-23 |PRC 76, 015204 (2007)
do/dQ 025-150 |15-186 |PRL 86,1702 (2001)
PO 08-32 16-27 |PRC 90, 035202 (2014)
ou. oLT, o1, oLTf1.4 - 39 16-26 |PRC 87, 025204 (2013)
P’ P2 07-54 16-26 |PRC 79, 065205 (2009)
ep --> eK'Y
oLt 065,10 16-205 |PRC 77, 065208 (2008)
oy, oLr, or1,0.705 - 2.8 16-24 |PRC 75, 045203 (2007)
Py P, 03-15 16-215 |PRL 90, 131804 (2003)
ep-->epo |oy, oLT, OTT 1725- 485 |185-277 |EPTA 24, 445 (2005)
LY 16-56 18-28 EPJA 39,5 (2009)
e -
P> oo 15-30 185-22 |PLB 605, 256 (2005)
o> epo do/dt 14-38 20-30 [PRC 78, 025210 (2008)
do/dt' 07-22 20-26 |PRC 63, 059901 (2001)

"Mining" of old CLAS data continues
with several analyses still ongoing
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A(1600)3/2* Electrocouplings from CLAS

As,*1000 GeV "

0

—
o

[\
(e}

W
(e

N
o

&
S

ep — e p n* n" data from CLAS
W fit range: [1.51:1.61] GeV:

blue: 2.0 < Q%< 3.5 GeV?
red: 3.0< Q2%<5.0 GeV?

V. Mokeev, AMBER@CERN-VIT Workshop

[ior, MeV I' tA, MeV I pr, MeV Mass, GeV
248+25 158+25 0 1.564+0.026
259+21 169+2°2 0] 1.57+0.018

BF 48-82% 0
52-81% 0]
continuum QCD predictions (CSM), Ya Lu et al., Phys. Rev. D 100, 034001 (2019)
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The CLAS A(1600)3/2* electrocoupling results confirm the CSM prediction, solidifying evidence for the
momentum evolution of the dressed quark mass and its role in describing the emergence of hadron mass

s Doniel S. Carman I Jeff,;?son Lab =ssssmm Hadron Spectroscopy Workshop - June 16-17, 2022 Page 18 mumm
o



Connecting to Electrocoupling Amplitudes

Resonant Amplitudes Non-resonant Amplitudes

o

* Cross sections of resonance r of mass M. and width T'y,+(M;) = I, and spin J .

M Ftot(W)Ffe’T(Mr) q

O'T = (2J, 4+ 1) =
=2 2 “W2)2 4 M2, (W) K

* The electromagnetic decay widths (N*— Ny) at the resonance point W=M, are given by:

¢, (Q%)  2My
T (2J,+1)M

Q7 2M
" 7E'Q ) (2J, +J1V)M,,n(“41/2(Qz)|2 +|A3/2(Q%)]%)
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Evolution of the N* Spectrum

missing N* states f==r

N(1710)1/2*
N(1875)3/2-
N(1880)1/2
N(1895)1/2
N(1900)3/2:

=
=
g
=

RCQM

172+ || 3/2+ || 5/2+ || 7/2+ 1172+ (13/2+ - 9/2- ||11/2-|(13/2-
B, P Fs | Fy Hi ., [Kis G| L Lis

Loring, Metsch, Petry, Eur. Phys. J. A 10, 395 (2001)

N(2000)5/2"

N(2060)5/2-
N(2100)1/2*
N(2120)3/2- Recent LQCD predictions support CQM
A(1600)3/2* Dudek, Edwards, PRD 85, 054016 (2012)

A(1900)1/2- ** Decisive impact from CLAS KY photoproduction

A(2200)7/2- * data - Extend studies to 2n and KY
electroproduction and to higher masses
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Hunting for Glue in Excited Baryons

‘ Can glue be a structural component of excited baryon states?

3 S A A The hybrid nature of baryons appears in the
s 5 Q2 evolution of their transition amplitudes
CJ
LQCD predicts hybrid ~ =f & _ _ o . N(1440)1/2*
baryons in N* spectrum i 3 A1/2 @ S1/2
e t
1.3 GeV = E— i Black curves: g3 model
regular states 40 L
JLab LQCD group results 15f l = < % Red curves: q3g model
m,=396 MeV P A hybrid states g * k g
* -'6 ______
N £ r
x ir
. . . S —  LFROM e Nnm
The signatures for hybrid baryons include: E J DSE s px
« Extra resonances with J*=1/2*, 3/2* in mass range = “te T e = s
2.0-2.5 GeV and decays into Nrmt or KY final states T 1 2 oy o 1 2 3 4 3
* Drop of A1/2(Q?) and As/»(Q?) faster than for @ (6eV) QF (GeV%)
ordinary 3q states due to extra glue-component in Quark model predictions on the Q2 evolution of the
valence structure electrocouplings are necessary for hybrid identification
* Suppressed S;,,(Q?) relative to A1,(Q?) transverse
amplitude ZP.Li, V. Burkert, Z.J Li, PRD 46, 70 (1992)
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Reaction Models

Single Channel Models:

S

2 ESORAEY ", NF 7 - Simplicity (isobar, effective Lagrangian, multipoles)

Q| ({BACKGROUND) /°_°\ ' o . )

Y b B o, - Single framework to study different channels

) / EAGRORGEND: = - Not a complete physics model but have proven to be

o . Bl useful and relevant

© E "high-energy" .

! region | perturbative Coupled-Channel Models:
resonance N\, = . . . .
region S Rameen v W - Simultaneous fits to multiple independent channels
- Treatment of FSI and re-scattering effects

Resonances:
+ Select N* states for inclusion (J=1/2, 3/2, 5/2) & " "~ "
« EM form factors from Bonn CQM o oo
* Constrain electrocouplings to available data N A —
* Fit to data to fix parameters (decay widths, couplings strengths) T

Background:

* Model amplitude for non-resonant diagrams (t- and u-channel)
* Parameterize by coupling strengths/phases
* Tune to high-energy data above the resonance region

Viry

Coupled-channel approaches:
ANL-Osaka (EBAC), Dubna-Mainz-Taipei, Julich-Bonn

D.S. Carman, K. Joo, V.I. Mokeev, FBS 61, 29 (2020)
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