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Summary of Published CLAS Data on Exclusive Meson Electroproduction off 

Protons in N* Excitation Region

Hadronic final 

state

Covered

W-range, GeV

Covered Q2-

range, GeV2

C

Measured 

observables

+n 1.1-1.38

1.1-1.55
1.1-1.7
1.6-2.0

0.16-0.36

 0.3-0.6
 1.7-4.5
 1.8-4.5

d/d

 d/d

 d/d Ab

 d/d

0p 1.1-1.38

1.1-1.68
1.1-1.39
1.1-1.8

0.16-0.36

 0.4-1.8
 3.0-6.0
0.4-1.0

d/d

 d/d Ab,At,Abt

 d/d

d/d Ab

p 1.5-2.3 0.2-3.1 d/d

K+ thresh-2.6 1.40-3.90

 0.70-5.40

d/d

 P0, P’

K+ thresh-2.6 1.40-3.90

 0.70-5.40
 

d/d

 P’

+-p 1.3-1.6

1.4-2.1
1.4-2.0

0.2-0.6

 0.5-1.5
 2.0-5.0

Nine 1-fold 

differential cross 
sections

• d/d−CM angular

distributions

• Ab,At,Abt-longitudinal

beam, target, and 

beam-target asym-

metries

• P0, P’ –recoil and

transferred polarization

of strange baryon

The measured observables from CLAS are stored in the 

CLAS Physics Data Base http://clas.sinp.msu.ru/cgi-bin/jlab/db.cgi

Almost full coverage

of the final hadron 

phase space

Over 120,000

data points!
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Extraction of vNN* Electrocouplings from Exclusive Meson 

Electroproduction off Nucleons

γv 

N N’

N*,△

• Real  A1/2(Q
2),  A3/2(Q

2), S1/2(Q
2)

I.G. Aznauryan and V.D. Burkert,  

Prog. Part. Nucl. Phys. 67, 1 (2012)

   KY,…

N

   KY,…

N’

+
*

• Consistent results on vpN* electrocouplings from different meson electroproduction 

channels are critical in order to validate reliable extraction of these quantities.
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Definition of N* photo-/electrocouplings 

employed in the CLAS data analyses: 

e

e’
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Roper resonance before and after CLAS
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CLAS12: Extension of the results on N* 

electrocouplings for W < 2.5 GeV and Q2 

to 10 GeV2 from exclusive channels, N, 

N, KY, K*Y, KY*, allows us to map out 

the range of quark momenta where 

~50% of dressed quark mass is 

generated

Meson electroproduction yields measured with the CLAS12

Efficiency corrected +-p yields 

binned over W/Q2 from RG-A data

W, GeV

Measurements with CLAS12 and “CLAS22”





• Моделирование реакций электророждения N, KY и +-p при энергии 22 ГэВ демонстрирует:

Амплитуды электровозбуждения нуклонных резонансов могут быть извлечены вплоть до значений 

переданного импульса Q2 ~ 30 ГэВ2 при 𝓛 ~ 2 - 5 ⨉ 1035 см-2 с-1 

Оценка возможностей извлечения электромагнитных 

амплитуд возбуждения резонансных состояний нуклона при 

переданных импульсах до 30 ГэВ2 

• Энергия непрерывного пучка 

электронов 22 ГэВ

• Детектор большого аксептанса

CLAS12

• Рекордная светимость

• Возможность изучения 

эксклюзивных реакций

• Расширение результатов по амплитудам электровозбуждения возбужденных состояний нуклона до значений

переданного импульса Q2 = 10 - 30 GeV2 после увеличения максимальной энергии ускорителя CEBAF до 22

ГэВ и при светимостях 2-5 × 1035 см-2 с-1 позволит исследовать как доминирующая часть массы адронов и

структура возбужденных состояний нуклона может возникнуть в рамках фундаментальной Квантовой

Хромодинамики





+ distribution over azimuthal angle 

• Rotational properties of the production amplitudes

• Single photon exchange for 𝑒𝑝 → 𝑒′𝜋+𝑛 reaction  

• Is AI/ML capable of reconstructing the −dependence from the studies of the measured two-fold 

differential cross sections?

• Can the use of AI/ML improve knowledge of exclusive structure functions beyond the limitations 

imposed by restricted data coverage over azimuthal/polar angles?
12



E = 5.754 𝐺𝑒𝑉; 𝑄2 = 2.915 𝐺𝑒𝑉2 - 1st resonance maximum
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Red dots with error bars 

– experimental data

Blue line – fit of the 
experimental data by 

Eq. in slide #4

Green line - Neural 

network predictions 
with uncertainties 

shown by green areas 

obtained from bootstrap

good description of the -dependence

AI/ML provides predictions 

for +n differential cross 

sections  within -ranges 

where the data are not 
available

AI/ML is capable of determining

-dependence of +n differential 

cross sections from the multi-

dimensional data analysis  



E = 5.754 𝐺𝑒𝑉; 𝑄2 = 2.915 𝐺𝑒𝑉2 Structrure function - A 
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Red dots with error bars – 

structure functions from the 

experimental data fit by Eq in 

slide #4

Black line – predicted structure 

function obtained from the 

moments of the predicted within 

AI/ML cross sections with 

uncertainties from bootstrap

Blue line – the center of the 1st 

resonance region  (W=1.23 GeV) 

Green line – the center of the 2nd 

resonance region (W=1.52 GeV) 

Purple line –  the center of 3rd 

resonance region for +n (W=1.68 

GeV) 



Спасибо за внимание!
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