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Energy = 11 GeV

before upgrade: Energy = 6
GeV

Enhance equipment
in existing halls



Insight into the Strong QCD from the Synergy between Experiment,
Phenomenology, and Theory

Experiment Theory
Observables from the QCD Lagrangian:
Experiments with the _ |
EM Probes: Lacp = V(i Pala = m = 1 F3" Fuyg
* Covariant derivative, gluon field tensor
- Differential cross sections DF = @+ igAl
- Beam asymmetry Strong QCD FIV = 90 AY — 0¥ AP — gfn AV AV
¢ Target qsymme"ies underlylng * Color matrices and structure constants
« Recoil asymmetries the hadron oE) TN g B A, = it
« Combinations of 2-fold generation a1 T = fasee™ s (T e = =i fane
and 3-fold asymmetries @
Phenomenology: * Lattice QCD
« Amplitude analyses « Continuum QCD
* Reaction models

@ Light front quark models
Elastic /Transition form factors AdS/CFT approaches

PDFs, PDA, TMD-functions .
Compton form factors v Quark-Soliton models

Projection of GPD to observables Hyper?en’rral quark model
Covariant quark models




Extraction of y,NN* Electrocouplings from Exclusive Meson
Electroproduction off Nucleons

Resonant amplitudes Non-resonant amplitudes

T, N, T, KY,../

M, T, KY,...

Y
*
*

Nl

Definition of N* photo-/electrocouplings

employed in the CLAS data analyses:

« Aa(QF), Aj2(Q3), Sq(Q2)

I.G. Aznauryan and V.D. Burkert,
Prog. Part. Nucl. Phys. 67, 1 (2012)

» Consistent results on y,pN* electrocouplings from different meson electroproduction
channels are critical in order to validate reliable extraction of these quantities.




Roper resonance in 2002 & 2016
(updated 2019)
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V. Burkert, Baryons 2002 off protons data
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Single meson electroproduction in
the resonance region from CLAS

Q2 W

JLab/Hall B 4o (2%, w*n) 0.16-0.36 1.1-1.38 8]
47 (2%p) 0.4-1.8 1.1-1.68 [9]
42 (7%p) 3.0-6.0 1.1-1.39 [10]
A (7°p) 0.4, 0.65 1.1-1.66 [11]
Ar, Aot (7°D) 0.252, 0.385,0.611 1.12-1.55 [12]
42 (r+n) 0.3-0.6 1.1-1.55 [13]
42 A (mn) 1.7-4.5 1.11-1.69 [14]
A () 0.4, 0.65 1.1-1.66 [15]
4o (np) 0.375-1.385 15-1.86 [16]
4o (np) 0.17-3.1 1.5-2.3 [17]

/

Polarized structure function oz from 7°p electroproduction data in
the resonance region at 0.4 GeV? < Q? < 1.0 GeV?

E. L. Isupov et al. (CLAS Collaboration)
Phys. Rev. C 105, L022201 — Published 18 February 2022
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Data

e CLAS detector data 12/2002 -
1/2003
e Beam gnergy: 2.036 GeV tigg
e Beam polarization: ~ 80%
e Target: Liquid Hydrogen, .
higkness 2 cm

umber of triggers: ~ 1.5
lion

0.4<Q?<1 GeV?
1.1 < W< 1.8 GeV

e 7 separation
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Beam spin asymmetries

A
BSA W= 1.56 GeV, Q= 0.5 GeV?>, cos(6)= -0.9 BSA W= 1.71 GeV, Q°= 0.5 GeV?, cos(6)= 0.9 Appr = - ;
P,
+ —_—
N T -N T
An= NN
ar .*_ ar
l l l
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¢, Deg
MAID 2007 (solid line) MAID 2007 with modified

electrocouplings, taken from CLAS
analyses (dotted line)

EC fits https://userweb.jlab.org/~isupov/couplings/



Polarized Structure Funcftion oy

d*d" p,
oo+ h\2e€ (1 — €) oy sin f_sin ¢_]
dQ)._ ky

\/26L(1 —€) oy sin 0_sin ¢_

/ A =
00

A A
LT = , >
P, We have unpolarized cross sections
from the same data.
N77+—N7T_




Extraction Of Polarized Structure Function oy

Binning:

28 W-bins from 1.1 to 1.8 GeV, width =25 MeV
2 Q2-bins [0.4-0.6] and [0.6-1.0] GeV?2

10 Cos(6)-bins [-1,1] width = 0.2
12 ©-bins [0,360] width = 30°

W =1.66 GeV
0.4<Q?%<0.6 GeV?
Cos(6)=-0.9

¥? I ndf
pO

5.916 /11

-0.8708 +0.1461




Polarized Structure Function o, 0.4 < Q2< 0.6 GeV?

o W=1.6125GeV o W =1.6375 GeV

LT LT

N

MAID 2007 (solid line)

N

o~ W=16625GeV o .

MAID 2007 with modified
electrocouplings, taken from CLAS
analyses (dashed line)
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Legendre Polynomials of o7

=0,1,2,3 0, 1-=D0+D1*x+D2*0.5*(3*x2 -1)+D3*0.5*(5*x3 -3*)

ensitivity to P13(1720)

sensifivity 16 D33(1700)

D1 ~-Im(... - 6*S2m*conj(E2m) -
6*S2my*conj(M2m)... )

LP — effective way to present our data
and to demonstrate sensitivity to
different excited states of the nucleon

D1 ~-Im(... 6*S1p*conj(Elp) - 6*S1p*con|(M1p) ... )

+ + 4+ + + 4+ + +
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Legendre Moments of Polarized Structure Function g1+ 0.4 < Q%2 < 0.6 GeV?2
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by Anna Frolova and Alexander Bulgakov TC+TC_p C LAS‘I 2 dq‘l'q q anYSis RG-K @ 6.5 GeV
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Y 4+
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ep—ep'nnX ep— entnX
all final hadrons are detected 5 Missing Mass Proton _
x10 Missing_proton
2 F Entries 2.557488e+07
£
g 70000 30— Mean 1077
5 E Std Dev 0.4958
g 60000 250 Prob 0
£ = F PO 1.794e+05 + 2.598e+02
2 50000 E p1 0.8889 +0.0001
L 200/~ p2 0.07409 + 0.00013
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LI
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N __ _ 10°
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600/— Entries 2.185548e+07 ssoF-
- Mean 0.05806 =
F Std Dev 0205 E
500[— Prob 0 300
C p0O 3.977e+05 £ 4.022e+02 =
- p1 0.02161+ 0.00003 2503_
400 p2 0.03023 + 0.00004 =
C p3 1.464e+05 = 1.317e+02 -
o p4 1.892e+05 + 3.276e+02 200—
300[— () -9.952¢+05 + 3.491e+03 E
o 150 —
200/ E
E J—-. 100
2 2 E
M2y, [GeV 3
- 50 =
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Missing pi plus , GeV*2 Missing pi minus , GeV*2
M2, GeV?

M2 GeV?2
Available data-set: Data on nine independent one-fold

differential cross sections —»nucleon resonance electroexcitation
Full statistics for RG-K will allow:
« to obtain ntrp electroproduction cross section within Q2-bins of 0.1 GeV?2 size




by Anna Frolova and Alexander Bulgakov Tc+7t_p C LAS1 2 dall.q q nq IYSiS
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n*mp is the ideal ground for resonance electrocoupling extraction as proved by the
discovery of the N'(1720)3/2* from the CLAS data analysis (V.I. Mokeev et al., Phys. Lett.
B 805, 135457 (2020)).




e | IlomydeHnsl mepBblE pe3yibTaTbl IKCIIEPUMEHTOB II0 HCCIEAOBAHUIO
CTPYKTYpPBhl M CHEKTpa HYKJIOHHBIX pe3oHaHcoB (N*) Ha nerexkrope
CLAS12. W3 pamHbix peakuuii amekrpopoxiaeHus KA m K20
ONpEAeNCHbl MOJSIPU3AlMA  KOHEYHBIX TUIEPOHOB B  0O0NAacTU
VHBAPUAHTHBIX MAacC KOHEYHBIX aJpOHOB W, OTBEYAIOLIEH MOJHOMY
MEPEKPBHITHIO PE30HAHCHOUW oOmacT. BriepBhie MOMydYeHBI AeTalbHBIC
pE3yNIbTAThl IO 3aBUCUMOCTSAM MNOJSIpU3aluy runepoHoB ot W npu 1.6
< W < 2.4 I'3B, rne MoryT ObITh OOHapyXeHbl THOpUIHBIE OAPUOHBI
COCTOSIIIIME U3 3 OJETHIX KBAPKOB U IIIIOOHA

Byaymuii coByecTHbIlt aHanu3 auddepeHINaNbHbIX CEYEHUN U
MOJIAPU3ALMOMHBIX HAOMIOAAEMBIX MO3BOJIMT H3BJIEYb AMIUIATYIbI
anekTpoBo3@yxaeHus OonpmuHcTBa N*. Jlerektop CLAS12 sBasieTcs
O B MHpPE YCTAaHOBKOM IIO3BOJISIOIIEN HCCIIEIOBATh
aMIUTUTY]T 3JIEKTPOBO30YkneHuss N* B 00JacTH KBaJapaToB

3 3THX PE3yJIbTATOB B PAaMKax PEIICHUN YPaBHEHUU JBUKCHUS
KBapKOB M INIOOHOB ompenensemblx Jlarpamxknanom KXJI B
ne ypaBHeHud Jlanicona-llIBuHrepa OTKpBIBa€T IEPCIEKTHUBY
ma K MexaHu3MaMm (HOpMUPOBAHUS JOMUHUPYIOUIEH YacTH MacChl
OB M CTPYKTypbl N* mpu mepexoae OT HENmepTypOaTWBHOTO K
0aTUBHOMY pEKMMaM CHIIBHOTO B3aUMOJCHCTBUS

Phys. Rev. C 105, 065201 (2022)

[lepBble AQHHbIE AeTekTOopa CLAS12 No peakumam
SAEKTPOPOXAEHMA KTA u K2 HaO npoToHe
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P’,- koMIIOHeHTa monsipu3anuu A THUIEPOHA KaK (QyHKITUS HHBapH\a/I\{/Tx(ou MaccChl
KoHeuHbIX aapoHOB W(IB), nmpu BuptyansHoctu ¢orona 0.9<Q?<3.5 [5B? u
3HaYeHWH KOCHMHYyCa yIlia SMHUCCHM KaoHa B CHCTEME ILIEHTpa Macc (POTOH-
npotoH [-1.0;-0.5]. 3enenas cromuas auaus — moaenb RPR-2011, 3enenas
mTpuxoBas JuHUS — Moaenb RPR-2011 Ge3 pe3oHaHCHOTO BKJIaja, KpacHas
auHus — Mozenb BS3, rony6as muaus — mogens Kaon-MAID
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