
Radiative DIS and SIDIS
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• Comparing RCs in DIS
• Radiative correction in SIDIS
• Tests and validation
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Workshop on Novel Probes of the Nucleon Structure in 
SIDIS, e+e- and pp



Radiative DIS
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Akushevich et al. http://www.jlab.org/RC/radgen/

generate a single kinematical point at 

Eb=10.6 GeV with e’=2.0 GeV, q=0.3

à x,y,Q2,W2(0.12,0.8,1.9,15.1)
Integrated over all Eg sRad/sBorn=1.24

For SIDIS we need x-sections/SFs in 

the full W range, including exclusive part

original W2

radiated photon



From SIDIS to DIS
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3D SIDIS

1D SIDIS

DIS

CLAS12 main trigger is e’X, DIS and SIDIS collected simultaneously 



Comparing different DIS models
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filled symbols F2/F2 CJ15

open symbols F2/F2 CJ15,LT

x

reasonable agreement in 
most of the relevant 
kinematics

How critical are 10-20% differences in extraction of underlying PDFs?



Comparing DIS MCs (Bosted vs RadGen)
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reasonable agreement in F2s 

with ~20-30% differences in 

resonance region

How critical are 10-20% 

differences in extraction 

of underlying PDFs?



Radiative DIS

Akushevich et al. http://www.jlab.org/RC/radgen/

DIS cut (E’>2 GeV)

with radiation

without radiation

Radiative correction become very significant for low energy scattered electron
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Radiative DIS
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Akushevich et al. http://www.jlab.org/RC/radgen/

Changes of SFs during 
iterations should be monitored

Important to include the radiated photon in the MC



Sensitivity of RC to SFs
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RC change few % with input SFs, and can affect precision measurements



EMC (1987)

�(rad)
• Large cosf modulations observed by EMC were reproduced in electroproduction of 

hadrons in SIDIS with  unpolarized targets at  COMPASS and HERMES
• Effect is dominated by non-perturbative Cahn contribution

Azimuthal asymmetries in  SIDIS

Non-perturbative      vs     perturbative
Cahn 1978                 Georgi & Politzer, Mendez 1978 



All moments are relevant
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Simonetta Liuti (UVA) CTEQ Fall Meeting, Nov 10 



Radiative SIDIS
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+…..
additional photon can be described by three additional variables:

The phase space of the real photon:

Akushevich&Ilyichev in progress
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From x-section to events
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In unpolarized target case:

For polarized targets more SFs and new variable fS

When we turn on QED radiation x-section gets additional 3variables, after integration over which,
we can obtain the radiative x-section 

Experiment  has certain acceptance function
defining fraction of events accepted in a given phase space defined by kinematical variables 

RC generates additional moments and modifies existing ones

Nmeasured = Luminosity ⇤
Z

phasespace

d�

ehX
Rad (x, y, ...)

dSpace

⇤A(x,Q2
, PT , z,�)

The number of events the experiment will measure in a given phase space in a given Dt : 



3D PDF Extraction and VAlidation (EVA) framework

Development of a reliable techniques for the extraction of 3D PDFs and fragmentation 
functions from the multidimensional experimental observables with controlled 
systematics requires close collaboration of experiment, theory and computing

Data Counts
(x-sections, 
multiplicities,….)

QCD 
fundamentals

Library for 
Structure 
Function (SF) 
calculations

3D PDF and  
FF (models,
parametrizations)

Hard Scattering MC 
(GEANT, FASTMC,…)

Extract 3D PDFs

TED meetings at JLab to finalize 
goals and coordinate efforts

Radiative 
x-section

SIDIS,DY,e+/e-)
experiments

x-section  
calculations

SF 
calculations

Defined set of 
assumptions

Extract 
SFs Validation of extracted 

SFs or 3D PDFs (for a 
given set of assumptions)
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Defined set of 
assumptions

extract 
x-section

Grid operationsevent selection
e�hX, e�hhX,..

?



Summary
• For SIDIS studies we need a MC generator with flexible

input (x-sections, structure functions, grids, functional forms) 
which can generate events in full phase space, including
the full set of involved SFs with radiative effects.

• Extraction of sets of SF in iterative procedure for SIDIS 
generation-reconstruction-acceptance-radiative corrections-
bin-centering corrections should be validated using the MC 
with well defined reasonable input.

• Input from theory/phenomenology and output from 
experiment should have a well defined unified structure
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Support slides…



F2 Nobuo vs CJ15
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Difference more significant at small Q2



Generators: x-section vs weights
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single bin full kinematics (2M events)

• Two approaches for DIS event generation (x-section based and weighted) 
are fully compatible (2M events generated in both cases)

• Using weights for events makes the generation much faster, and most 
importantly provides statistics for acceptance studies in small bins.

x-section base

weighted



Generators: x-section vs weights
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full kinematics (2M events)

• Two approaches are fully compatible (2M events generated in both cases)

x-section base->solid
weighted->dashed



Binning in  DIS
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More traditional binning in x 
Q2 used so far

With small bins x,y-binning will be 
much better for extraction of SFs
1) scale variable
2) fixed range
3) smaller change in resolution 

x=0.4

1<Q2<2 6<Q2<7

0.1<y<0.2 0.6<y<0.7



Binning in  DIS
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For small bins in x-q2 or x-y spread in other kinematical variables is 
becoming small (x2-3 resolution in q and E’), reducing the role of 
bin-centering corrections and variations of structure functions in the bin  



p
┴

DIS output and data analysis
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step-1 
(for a given Ebeam,l,L ) measure

step-3 produce a table of corrected counts/cross 
sections and systematic errors in given bins

Use a set of SFl

For a given model/theory based 
on underlying non-perturbative  
input and assumptions extract  
SFl  from data

d�

eN!e0hX
�⇤

dxdQ

2
dzdP

2
hT d�hd�ld�s

=
P

L

l=1 SFl

Theory

Need a reliable  mechanism 
for estimation of systematics 
in extraction of the 
parameters for given SF set)

Fl(x1, x2, x3, ...xN , P1, P2, ...PM )

Fl(x1, x2, x3, ...xN , P

⇤
1 , P

⇤
2 , ...P

⇤
M )

Experimental

step-2: define the acceptance, estimate radiative effects 

Phenomenology
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2
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Standard input for SFs
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Table can be generated from any 
existing program for calculation of SFs 
for any given set of parameters, final 
state particles, target nucleon, 
polarization states in tiny bins.

(JavaScript Object Notation  for a single 
hadron production eN->e�X)



Extraction of DIS x-section and acceptance
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• Acceptance can be used to correct distributions for monitoring
• DIS output can be generated using input F1,F2 or F2,FL or directly x-sections

Radiative corrections 
may be significant



Recovering generated input from reconstructed set
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• Acceptance can be defined using the weighted generator set 
• Both MCs after reconstruction recover the generated input in most of the 

kinematics.)

line N. Sato40Mil generated events (200x200 bins)Step-II



q vs E’: json file for online monitoring
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Dedicated DIS generator with radgen (gemc input)

qg

Eg

reconstructed photonsSignificant fraction of DIS radiative 
photons may be reconstructed



Acceptance function
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Acceptance generates additional 
moments and modifies existing ones



Recovering generated input from generated set
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Reasonable agreement with generated input (filled symbolsàN. Sato)

Step-I



Generating  DIS and SIDIS

0 (twist-4)

Ntracks A     N   l-pol  N-pol l-ID    Ebeam  T  T-ID process-ID x-section

Full event generator (PEPSI)

Dedicated (inclusive pion generator)
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Dedicated DIS generator



DIS input from theory and phenomenology
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Study the effect of F_UU,L (accounted in DIS and ignored in SIDIS)

• Different Q2-dependent factors contribute. 

• Separation is important for DIS, but will be critical for SIDIS

Consistent in kinematics, 

where HT are not significant



Kinematic distributions
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Simple event generator should be “reasonable”

epX evnts compared with epX events from PYTHIA tuned to data 

solid-PEPSI
dashed-SIDIS
dotted-DIS (Bosted)



Projected CLAS12 results

Ø Electron beam energy: 10.6 GeV

Ø Integrated luminosity: 12.8*1010 mb-1

Ø Bin sizes: W= 0.01 GeV and Q2= 0.1 GeV2

Ø Expected statistical accuracy in the 
range from 0.2% to 2.0% 

• First precise measurements of inclusive cross section evolution with W and Q2 in the 
resonance region (smallest bin sizes over W, Q2 ever achieved)

• Yield valuable insight into quark hadron duality

CLAS and Projected CLAS12 Inclusive Cross Sections  

CLAS Data were obtained at Q2<4.7 GeV2

Avakian, FF2019 March 16 31


