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CLAS12 N* Program

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

*CLAS12 was designed to measure cross sections and spin observables
over a broad kinematic range for exclusive reaction channels:

nN, oN, ¢N, nN, n'N, nnN, KY, K*Y, KY*
* Goal is to probe the spectrum of N* states and their structure

- Probe the underlying degrees of freedom of the N* states via studies
of the Q? evolution of the electroproduction amplitudes

- N* electroproduction amplitudes do not depend on how they
decay but different final states have different hadronic decay

- Agreement offers model-independent support for findings

- Data can unravel the spectrum of contributing states in
complementary manner relative to photoproduction

] Daniel 5. Carman I .g effg?son Lab s CLAS Collaboration Meeting - Nov. 12 -15, 2019 [ Page2



Excited Nucleon Structure

& Nucleon structure is more complex than what can be 0.0
described accounting for quark degrees of freedom only .g
- Low Q2 structure well described by adding an external 5 3 o
(Q2< 2 GeV2) meson cloud to inner quark core q core + meson clou q core pPQ
low Q? > high Q?

-High Q% quark core dominates; transition from
(Q2>5 Gev2) confinement to pQCD regime

@ Studies from low to high Q? probe the detailed structure
of the N* states through the y,NN* electrocouplings

- Elucidate relevant degrees of freedom and their evolution
with distance scale ALz, Az, Sia
helicity amplitudes

- Only source of information on many facets of the non-
perturbative strong interaction in the generation of R o
different N* states from quarks and gluons Y —se— N  Auz. Aspe" Iransverse

— - S,/ - longitudinal
A =312
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Lower-Lying N* States
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* Electrocouplings reveal different interplay between meson cloud and quark core:
- Important to study different N* states vs. distance scale

* Good agreement of the extracted N* electrocouplings from Nz and Nnx:
- Compelling evidence for the reliability of the results
- Channels have very different mechanisms for the non-resonant background

Precision studies of N* structure are a key part of the CLAS12 experimental program
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Higher-Lying N* States

Nnr channel gave first electrocoupling results on higher-lying states up to 1.8 GeV

Note: Most high-lying N* states decay mainly to Nxx with much smaller strength to Nr
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Mokeev, Aznauryan, Int. J. Mod. Phys. Conf. Ser. 26, 1460080 (2014)

Data from the KY channels is critical to provide an independent
extraction of the electrocouplings for the higher-lying N* states
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Kinematic Coverage and Particle ID
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Analysis Details

Move beyond the current Event Builder PID assignment

Electron ID: Hadron ID:

« EB PID=11 (e- in ECAL) « EBPID = =211, £321, 2212

- Cut on tracking status * Cut on tracking status

* 1.5 < p < ppeam *q#0

* Tmin < TOF, < Tox * Pmin < P < Pbeam

« -10< vz, <5 cm * tmin < TOFh < trax

e W250 * Cut on Atpeas-calc

« 26 S.F. cut « -12 <vz <3 cm

- UVW ECAL fiducial cut * Tight mass cut for K* candidates
« v2PID cut » Fwd tracking fidicual cuts

.« N,=1 * %2 PID cut

* Separate cuts for fwd and cent hadrons
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N Studies
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Arrows mark the Ist, 2nd, and 379 resonance regions

* Electrocouplings of all prominent resonances will be determined for the first time from
combined fit of differential cross sections and polarization asymmetries for Q%> 5.0 GeV?

e Tnitial investigations are focusing on beam spin asymmetries, quantities sensitive to the
interference between resonant and non-resonant contributions to the full Nt amplitudes
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N Studies
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n'np Studies

ep—e'nttpX Arrows mark the 27 and 37 resonance regions
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« The N final state dominates the cross section at W > 1.6 GeV; this channel is promising for searches of
"missing" and hybrid-baryons

* Electrocouplings of all prominent resonances will be obtained for the first time from fits of the
differential cross sections binned in W and Q? for Q? up to 10-12 GeV?

« Consistent results on electrocouplings obtained from independent studies of the nN, n*zp, and K*Y
electroproduction will validate the extraction in a nearly model-independent way.
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n*p Studies

Data shows contributions:
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r'tp Studies
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Description of nine 1-fold differential
cross sections within JM17 model:

— Full IM17

—— Non-resonant
contributions

— Resonant
contributions

Analysis approach is to extract the 9 1-fold
differential cross sections in bins of Q2, W

Daniel S. Carman
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CLAS Collaboration Meeting - Nov. 12 -15, 2019



K*Y Studies

3—; = (o7 + €01,) + €app cos 29 + \/e(lTe)aLT cos @ + hmayp sin ® Key PhYSiCSZ
« Structure studies have advanced due to results from
Planned measurements: (W, Q?, cos 0y, @) independent analyses of different final states
« Differential cross sections 0 e.g. N* - 7N, N* - m'n"N, N* — K*Y
* Separated structure functions 0 Channels have different non-resonant backgrounds

* Recoil and beam-recoil polarization - New N* states have been claimed in yp —K*Y

photoproduction data; electroproduction data
provides complementary technique to cross-check
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K*Y Studies

7.5 GeV

Q2 [0.4:0.6] GeV?

- € Emv:es !56688
Meon
RMS 0 14 95

Q2% [0.6:0.9] GeV?

r X/ndf250.4 / 79

1.295+ 0.1156E-01

P2 1783+ 0.1826£-01
E P3 —1323.% 14.69
E i1 1519. = 13.20

Q2 [O. 9 1. 3] GeV2

12200
EnuTeS 34 226
Meon
RMS o vsvs

X¥/naf2238 / 79

P3 —1156. =

1422. &

1.701 £ 0.1302E-01
P2 1.821 % 0.1890E-01

17.19
15.25

Q2 [1. 3 6. O] GeV2

© 12300
Entries 257578
Mean 1210
- RMS 0.1555 2500 =
E X/nal152.0 / 79
P 1282+ 0.1160E-01
P2 1.362+ 0.1721E-01
= e3 586.4 + 15.89
P4 546.5 = 13.97 o

/&\M(;' K*; (GéV) |

D 12400
Entries 330323
Meon 1.200

RMS 0.1614

X/nal111.8 7 79

P3 286.7 +
P4 798.8 +

1.680 + 0.1424E-01
P2 1.262 + 0.1906E-01
22.48

19.39

MM(e'K*) (GeV)

| 10.6 GeV |

Q2 [1.5:2. 3] GeV?

Q2 [2.3:3. 5] GeV?

MM(e'K*) (GeV)

D 12100 ) 12200
bl En 958008 Entries 964504
Me: 1264 000 Mean 1.260
S 434 MS 450
eoo |- X naf 349.0 / B4 [(X/ncf330.4 / B4
1.635% 0.1499E-01 2.295% 0.1640E-01
P 0.9576 + 0.1925E—01 e P 0.7982 + 0.2138E-01
P —1488. £ 2.266 P -2179. % 3.252
200 |- P4 1564. + 2.167 Pa 2299. & 3.236
1500
000 -
1250
N
1000
L =
oo 750 _—
-
-
400 - 500 ~
-
-
200 - 250 -
) [
~
I I I 1 1
03 35 095 12 125 3 35
12300 oo
s00 [~ 429176 Entries
1.260
S 0.1467
800 naf 192.8 / B4 0
1.033% 0.1194E-01 0.3837 x 0.8118£-02
0.2817 + 0.1640E-01 0.1338+ 0.1146E-01
-1052. = 3.934 300 -5108 ¢ 2.269
700 1118. & .27
soo 250
500
200
400
) 150
300 >
100
200
50
100
1 I
s 125 5] 35 a5 25 3 ES

MM(e'K*) (GeV)

Current MM resolution is limited by momentum resolution (B-field, alignment, reconstruction, calibration)
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K*Y Studies
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K*Y Studies

1.0 v

05F

0.0

05F

-10

05F

0.0

05 F

-10

0.5

05F

-1.0 4

00

el-6,5.75 GeV

-I
! ‘3 Togd
T 33 *¥PF¥PFICRTT

i3

3 3
SRt S ISERSEE

'IIIIIIIIIIIIIIIIIIII'

1.6 1.8 20 22 24 26
W (GeV)

1.0 r

05 F

0.0

05 F

-1.0 o

05 F

0.0

0.5
-1.0 |
05 F
. 0.0 F

05 F

-0 H

CLAS Collaboration Meeting - Nov. 12 -15, 2019

RG-K 7.5 GeV

i III .
HR

-IIIIIIIII}IEIIIEIII ‘

|

frt
IIH;HIII}H i

t

Preliminary; no bck subtraction

1 L
16 18 20 22 24 26 28 30
W (GeV)

L Pagel6



QCD2019 Workshop

This workshop will focus on the
properties of hadrons and nuclei, and
their emergence from Strong QCD.
The goal is to explore new horizons in
the structure of ground and excited
hadrons, 3-D femto-imaging, and

spectroscopy.

Local Organizing Committee:
V.I. Mokeev (Chair), Jefferson Lab K. Joo, University of Connecticut

ne National Lab

n Lab

L. Elouadrhiri, Jeffersos
@ & 0HIO (gh
1

+ 1-D and 3-D structure of
ground/excited hadrons

and atomic nuclei;

+ Mass, momentum, and
pressure distributions in
hadrons;

- Hadron spectroscopy and

new hadron states;

- QCD-based frameworks
for the description of
hadron spectroscopy and
structure;

- Science opportunities at

an Electron-lon Collider

A @ GOE Illlﬁ (=4
PN Y, UNIVERSITAT 4
]

Y .

https://www.jlab.org/conference/QCD2019
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* Pre-workshop Symposium "Synergies in Hadron Physics between J-
PARC and JLab"

« Workshop aimed to develop plans and to facilitate the future
synergistic efforts between experimentalists, phenomenologists,
and theorists working on studies of hadron spectroscopy and
structure with the goal to connect the properties of hadrons and
atomic nuclei available from data to the strong QCD dynamics
underlying their emergence from QCD.

* As a part of the Workshop we had a special session honoring the
outstanding scientific achievements and the inspiring leadership of
Volker Burkert for more than 30 years of his research at JLab.

90 registered participants!

https://www.jlab.org/conference/QCD2019
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QCD2019 Workshop Summary

* Last workshop: The Nature of Hadron Mass and Quark-Gluon Confinement from JLab Experiments in
the 12-GeV Era: 1-4 July 2018, South Korea

« Remarkable progress in the intervening 16 months

* Inspiration found in many areas, especially, perhaps, in: *next workshop in this series to
be held in Nanjing in early 2021

o Commencement of JLabl2 era
o Physics Beyond Colliders initiative at CERN
o Prospects for constructing EIC

* No single approach/experiment can solve this problem alone

* Different data sets from experiments with EM probes in the N* and DIS-regions offer an excellent
opportunity to gain insight into strong QCD underlying the hadron generation from quarks and gluons

* Success being delivered by amalgam of Experiment ... Phenomenology .. Theory

« Continue to exploit the synergies we have found and to develop more, including practitioners from
other fields, e.g. imaging.

Summary: Craig Roberts (Nanjing University), Victor Mokeev (JLab)
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Concluding Remarks

> The study of N* spectrum/structure is one of the foundations of the Hall B physics program:

« The CLAS12 N* program is an important extension of the CLAS N* program that allows for
an increase of Q% fromb to 12 GeV?

> Data from the first beam runs with CLAS12 is now calibrated and work is underway to advance
the data analysis while working to understand and improve the systematics

» Main program goals:

* Provide insight into the strong interaction dynamics of dressed quarks and their
confinement in baryons over a broad Q? range

e Address the most challenging problems of the Standard Model on the nature of hadron
mass, confinement, and the emergence of N* states

> Successful QCD2019 workshop to bring community together - experimentalists,
phenomenologists, theorists (N*, DIS, GPD, EIC) - to map out the future toward
understanding strong QCD from hadrons to nuclei
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Connecting to Electrocoupling Amplitudes

* Cross sections of resonance r of mass M, and width I'y,;(M,) = ', and spin J .

MPT 1o ( WIS (My) g,
(M7 —W?)2 + M2LE, (W) K

PR =5 Y (27, + 1)

Y N A

* with the following kinematic definitions:

—QP-M} o WP MR
21 | 21

W2
— \/QQ + E%, E,Y —

* The electromagnetic decay widths at the resonance point W=M. are given by:

5-(@Q%) 2My
(2J, +1)M

(M, Q%) = 25 | S1/2(Q%)]

;-(Q%)  2My

Fz(MraQQ) — <2J T 1)

~([412(Q QF)* +143/2(Q%))
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