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 CLAS  detector provided the dominant part of the available data on inclusive, semi-inclusive and 
exclusive meson electroproduction off nucleons at the invariant masses of the final hadrons W<3.0 
GeV and at the photon virtualities Q2<5.0 GeV2 and extended the data on meson photoproduction.

 Impressive progress in the studies of the ground and excited nucleon spectrum/ structure has been 
achieved from the CLAS results (D.S. Carman, K. Joo, V. Mokeev, Few-Body Syst. 61, 29 (2020)).

 New results on spectrum and structure of the ground and excited hadrons allow to gain insight into 
strong interaction dynamics which underlie the hadron generation  addressing key open problems 
on the nature of hadron mass and  quark-gluon confinement 

      (S.J. Brodsky et al., e-Print: 2006-06802, be published in Int. J. Mod. Phys. E)

 Studies of the hadron spectra and insight into the hadron structure in 1- and 3-dimensions require 
the combined analyses of a large body of measured observables within a broad kinematic area

                 The Data Bases for physics analyses are needed

 

CLAS Data and their Impact on Exploration of Strong Interaction  
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Several new nucleon resonances (``missing” states) have been discovered with the decisive impact of the 
CLAS open strangeness photoproduction data. A.V. Anisovich et al.,
Phys. Lett. B782, 662(2018), V.D. Burkert, Few Body Syst. 59, 57 (2018). 

   

Advances in Exploration of the N*-Spectrum

N*/D* Spectrum 2020   

The next step: A description of the exclusive electroproduction data off the proton with the same masses and 
hadronic decay widths as in photoproduction will support the existence of new baryon states.

State
N(mass)JP

PDG 
pre 2016

PDG 2020*

N(1710)1/2+ *** ****

N(1880)1/2+  ***

N(1895)1/2- ****

N(1900)3/2+ ** ****

N(1875)3/2- ***

N(2100)1/2+ * ***

N(2120)3/2- ***

N(2000)5/2+ * **

N(2060)5/2- ***

D(1600)3/2+ *** ****

D(1900)1/2- ** ***

Δ(2200)7/2- * ***

Nucleon resonances listed in Particle 
Data Group (PDG) tables



From Resonance Electrocouplings to Hadron Mass Generation

N→D(1232)3/2+ magnetic from factor
 Jones-Scadron convention

Quark core 
dominance

  
  

 
 

Substantial
contributions
from meson-
baryon cloud

Dyson-Schwinger 
Equations

(DSE):
• J. Segovia et al., 
Phys .Rev. Lett. 115, 
171801 (2015).
•  J. Segovia et al.,
Few Body Syst. 55,
1185 (2014).

DSE analyses of the CLAS data on D(1232)3/2+ electroexcitation demonstrated that dressed quark mass is 
running with momentum. 

quark mass:
frozen

running

Good data description at Q2>2.0 GeV2 achieved with the same dressed quark mass function for the ground 
and excited nucleon states of distinctively different structure validate the DSE results on momentum 
dependence of dressed quark mass. gvpN* electrocoupling data offer access to the strong QCD dynamics 
underlying the hadron mass generation.
 

One of the most important achievements in hadron physics of the last decade in synergistic 
efforts between experimentalists, phenomenologists and theorists. 

Substantial
contributions
from meson-
baryon cloud
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Accessing Shear Forces & Parton Pressure 

M2(t) :  Mass distribution inside the nucleon 
J (t)    :  Angular momentum distribution 
d1(t)   : Pressure distribution  

Nucleon matrix element of EMT contains:

Measuring these form factors, 
we learn about confinement 

forces 

V.D. Burkert, L. Elouadrhiri, & F.X. Girod, Nature, 557 396 (2018)

Shear forces inside the nucleon

M.V. Polyakov and P. Schweitzer, Int. Mod. J. Phys A 33, 26 1830025 (2018) 

43 Web of Science citations  
87 Inspire citations  

∫dx x H(x,x,t) = M2(t) + 4/5 x2 d1(t)

∫dx x [H(x,x,t) + E(x,x,t)] = 2 J(t) 

Parton pressure inside the nucleon



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

p+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

 ds/dW
 ds/dW
 ds/dW, Ab

  ds/dW

p0p 1.1-1.38
1.1-1.68
1.1-1.39

 0.16-0.36
 0.4-1.8
 3.0-6.0

 ds/dW
 ds/dW, Ab,At,Abt

 ds/dW

hp 1.5-2.3  0.2-3.1  ds/dW

K+L thresh-2.6  1.40-3.90
 0.70-5.40

 ds/dW
 P0, P’

K+S0 thresh-2.6  1.40-3.90
 0.70-5.40
 

 ds/dW
 P’

p+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

•  ds/dW-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 https://clas.sinp.msu.ru/db

Almost full coverage
of the final hadron 
phase space

Over 120,000
data points!
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More than 100 experiments,

More than 50 various final 
states

about 200 various 
observables measured

Overview



inclusive 
semi-inclusive

π+n 
π0p 
π− p 
π0 n 
π− p 
π+π−p 
K+Λ 
K+ Λ(1405) 
K+ Λ(1520) 
K+Σ0 
K+ Σ0(1385) 
K+Σ− 
η p 
η′ p 
φ(1020) p 
φ p 
ρ0 p 
ω p 
ω d
 

ppN 
ppX 
p n 
p+X 
ppn 
π + X 
ρ + X 
π++X 
π−+X 
π0+X 
φ d 
K*0 Σ+ 
K+ K+ Ξ(1320)− 
K+ K+ Ξ(1530)− 
π0d 
K+ Σ+ π− 
K+ Σ0 π0 
K+ Σ− π+ 
γrp 
γ p 
f1(1285) 

Observables and final states in the CLAS Physics Database



List of measurements

Two pion π+π− 
electroproduction
off the proton:

Differential and fully 
integrated cross-sections, 
asymmetries



Measurement view

Example:

W-dependence of cross-section σ

Reaction:
two pions electroproduction
π+π− off the proton p

Q² = 0.425 GeV²



3D plots in the database

Differential cross-section 
dσ/dΩ

Reaction:
ɣ

v
p → π0p 

Kinematics:
Q2 = 0.35—0.45 GeV2

W  = 1.26 GeV



Search of the data

• Reaction
Beam type (e or γ),
target (p/n/d/nucleus),
final state (more than 50 available),
polarization type of
beam, target and final state

• Kinematic variables
(Q², W, x

B
, E

γ
)

• Observable measured
Cross-sections, structure functions, 
asymmetries

• Bibliography
Authors, experimet title and year



Data analysis

Example:

automatic differential cross-
section fitting of π0p 

electroproduction off proton for 
structure function extraction

dΦ is phase volume for adron final state,
 4KLMN is virtual photon invariant flux,
KL is virtual photon wave vector modulus



Structure function interpolation



Resonant contributions



Resonant contributions

Contributions of 
individual resonances 
to unpolarized 
inclusive cross-section

Calculated for

Q² = 2.0 GeV²
E

b
 = 10.6 GeV              

      



Internet links

CLAS Physics Database

https://clas.sinp.msu.ru

Structure functions and cross-sections of inclusive and exclusive reactions

https://clas.sinp.msu.ru/strfun

Resonant contributions to inclusive cross-sections of pion electroproduction
off the nucleons

https://clas.sinp.msu.ru/res

CLAS Analysis Framework

https://clas.sinp.msu.ru/fw

https://clas.sinp.msu.ru/
https://clas.sinp.msu.ru/strfun
https://clas.sinp.msu.ru/res
https://clas.sinp.msu.ru/fw


List of reaction models used
and kinematical range covered



Calculation of differential cross-sections
from helicity amplitudes

pm is absolute value of meson three-
momentum, ωγ stands for the photon 
energy in the CM-frame, kγ

cm is the 
photon equivalent energy in the CM-
frame: 



The repository structure



Reaction cross-section

Calculation example:

φ-dependence of 
differential cross-section 
for π+ electroproduction off 
proton

Q² = 0.5 ГэВ²
W = 1.2 ГэВ
cos θ = −0.5

And beam energy

Eb = 10.6 ГэВ



3-D plot of differential cross-section



Data interpolation

Form to specify 
interpolation 
parameters:

observable, 
channel, model,
Q², W, grid
cos θ or θ or t



Amplitudes interpolation results



Interpolation results comparison



Interpolation results comparison for the structure function
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