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Introduction
MC studies of Bessel weighting
Extraction of k dependent TMDsExtraction of kT-dependent TMDs 

Kinematic dependences of A1
Study effect of spin-orbit correlations on x-dependence
E i f b d d f TMDExtraction of bT-dependence of TMDs

Summary 
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Flavor Decomposition for PDF (LO)
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A1 PT-dependence arXiv:1003.4549 

A
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CLAS data suggests that width of g is less than the width of f

PT

PT

CLAS data suggests that width of g1 is less than the width of f1
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coscos moment in Amoment in ALLLL--PPTT--dependencedependence
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PT-dependence of cos moment of double spin asymmetry is most sensitive  to kT-
distributions of quarks with spin orientations along and opposite to the proton spin. 



Acceptances and efficiencies
HERMES

EIC

How acceptance in and P affect

5

How acceptance in and PT affect 
the A1 and s extractions in SIDIS?
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kT-dependence of TMDs 
Directly obtained ETQS 
functions are opposite in 
sign to those from kT
moments “sign mismatch” 

Sivers function extracted 
i k di t ib ti iassuming kT distribution is 

gaussian 

(Z. Kang et al, 2011)•With orbital angular momentum TMD can’t be gaussian
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g g
•How to measure kT-dependences of TMDs



kkTT--distributions & dilution factordistributions & dilution factor
bi ff t t l

PT = p┴ +z kT

bigger effect at large z
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Higher probability to find a hadron at kT-distributions may be wider inHigher probability to find a hadron at 
large PT in nuclei 

kT distributions may be wider in 
nuclei?

Understanding of nuclear modifications of hadronic 
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g
distributions is crucial for polarized target data analysis



SIDIS x-section

P = p +z k

p┴

PhT = p┴ +z kT
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SIDIS with Bessel weighting

p

PhT = p┴ +z kT

p
┴

•the formalism in bT-space avoids convolutionsT
•provides a model independent way to study kinematical dependences of TMD
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SIDIS with Bessel weighting

•the data analysis can be performed in the bT-space.
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Lattice calculations and bT-space
(PDFs in terms of Lorenz invariant amplitudes 
Musch et al, arXiv:1011.1213)

c2 2
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Hadron production in hard scattering

Event Generator GEANT

LUND MC (LEPTO/PEPSI/JETSET)
Model based (NJL,…)
SIDIS x-section based dedicated MC



JETSET:Single particle production in hard scattering

High probability to detect 
leading hadron in the 
forward detector

DIS:
Q2>1GeV2Q2>1GeV2

W2>4 GeV2 (10)
y<0.85

LUND Fragmentation Functions
- Before
- After quarkTarget remnant

LUND Fragmentation Functions

The primary hadrons produced in string fragmentation come from the string as a whole, rather 
than from an individual parton

qg

than from an individual parton.



LUND Fragmentation Functions
t JETSET d f lt HERMES CLASparamet

er
JETSET default HERMES CLAS

qs
supp

PARJ(2) 0.3 0.28 0.1
s s PARJ(3) 0 4 0 4 0 2qsqs

sup
PARJ(3) 0.4 0.4 0.2

S1 PARJ(12) 0.6 0.6 0.4
D

PARJ(21) 0.36 0.38 0.3D 0.36 0.38 0.3
 PARJ(23) 0.01 0.01 0.1
E PARJ(33) 0.8 0.8 0.3

low P

a PARJ(41) 0.3 1.13 1.1
aqq

PARJ(45) 0.5 1.05 1.0
low PT

high PT
PDF side: gaussian <kT

2>



FAST-MC for CLAS12

PhT = p┴ +z kT

p
┴

SIDIS MC in 7D (x,y,z,S,pT,
Simple model with 10% difference 
between f (0 2GeV2) and g PhT  p┴ +z kT

CLAS12 acceptance & 
resolutions

between f1 (0.2GeV2) and g1
widths with a fixed width for D1
(0.14GeV2)

resolutions

Events in CLAS12Events in CLAS12

Reasonable agreement of kinematic distributions with realistic LUND simulation
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FAST-MC for CLAS12

PT = p┴ +z kT

p
┴

SIDIS MC in 7D (x,y,z,S,pT,
Simple model with 10% difference 
between f (0 2GeV2) and g PT  p┴ +z kT

CLAS12 acceptance & 
resolutions

between f1 (0.2GeV2) and g1
widths with a fixed width for D1
(0.14GeV2)

resolutions

generated

HERMES/Jlab (eg1)

reconstructed

HERMES/Jlab (eg1)

Reasonable agreement of kinematic distributions with SIDIS data
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BGMP: extraction of kT-dependent PDFs
Need: project x section onto Fourier mods in b space to avoid convolutionNeed: project x-section onto Fourier mods in bT-space to avoid convolution

Boer, Gamberg, Musch &Prokudin arXiv:1107.5294

x=0.33
z=0.65

acceptance

generated

•BGMP provides a model independent way to extract kT-dependences of helicity distributions
•requires wide range in hadron P•requires wide range in hadron PT

Avakian, LNF, Nov 7 17



Acceptance effects
Acceptance for CLAS12 using CLAS-DIS generator using FAST-MC 
(0.4<z<0.5,0.1<x<0.2)

Acceptance corrections are important even for full kinematical coverage
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BGMP: extraction of kT-dependent TMDs

•BGMP provides a model independent way to extract kT-dependences of TMD
•requires wide range in hadron P•requires wide range in hadron PT
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Summary

•Understanding of kT-dependence is crucial for SIDIS data analysis

•New SIDIS MC developed allowing simulation in 8D•New SIDIS MC developed allowing simulation in 8D 
(x,y,z,S,pT,h,) to test the kT-dependent TMD flavor decomposition

B l i hti d t t d ith i l d l•Bessel weighting procedure tested with a simple model

•Ratio of TMDs recovered with good precision within CLAS12 
accessible  kinematics 

Plans
•Implement all structure functions 
•Develop the procedure for kT-dependent flavor decomposition for 
ll TMD (i l di f d )

Plans

all TMDs (including f1 and g1)
•Extract f1, g1 and h1L kT-dependences from CLAS6 data 
•Study models for nuclear PDFs and NH3 dilutions
•………..
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