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SIDIS Production
 Studying hadronization processes in SIDIS production helps improve our understanding of the strong interactions 

dynamics in terms of quarks and gluons, the building blocks of atomic nuclei

 Hadronization process is characterized by two time-distance scales
 Production time (τp): Struck quark propagates as a colored object during the neutralization stage

 Formation time (τf): Time needed for the color-neutral prehadron to evolve into a fully dressed hadron
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𝑒𝑒 + 𝑝𝑝 → 𝑒𝑒′ + ℎ + 𝑋𝑋



SIDIS Kinematics and Cuts 
 The study of hadronization dynamics is probed in the SIDIS regime using 

this set of kinematics and cuts:

 𝜈𝜈: electron energy loss or initial energy of a struck quark

 𝑄𝑄2: four-momentum transferred squared

• Q2 > 1 GeV2:  to probe the intrinsic structure of nucleons

 𝑦𝑦 = ⁄𝜈𝜈 𝐸𝐸𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏: electron energy fraction transferred to a struck quark

• y < 0.85:  to reduce radiative effects based on former HERMES studies

 𝑊𝑊 = 𝑀𝑀𝑛𝑛
2 + 2𝜈𝜈𝑀𝑀𝑛𝑛 − 𝑄𝑄2: total mass of the hadronic final state, where Mn is 

the nucleon mass

• W > 2 GeV: to avoid contamination from the resonance region

 𝑧𝑧ℎ = ⁄𝐸𝐸ℎ 𝜈𝜈: struck quark’s initial energy fraction carried by the formed hadron

 𝑝𝑝𝑇𝑇 : hadron transverse momentum measured with regard to the virtual 
photon direction
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Physics Observables
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Multiplicity Ratio
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Transverse Momentum Broadening

∆𝒑𝒑𝑻𝑻𝟐𝟐 = 𝒑𝒑𝑻𝑻𝟐𝟐 𝑨𝑨 − 𝒑𝒑𝑻𝑻𝟐𝟐 𝑳𝑳𝑳𝑳𝟐𝟐

RA describes the attenuation of formed 
hadrons in the medium

∆pT2  is due to the energy loss of the propagating 
struck quark, or the elastic and/or inelastic 
scattering of prehadrons and hadrons



Hadronization: HERMES Results 
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HERMES Collaboration (2007)

Ee+ = 27.7 GeV

https://arxiv.org/abs/0704.3270


Lambda Production: CLAS6 Results 

T. Chetry, L. El Fassi, CLAS Collaboration (2023)
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Current fragmentationTarget fragmentation

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.142301


Solenoid Magnet

Torus Magnet

Central DetectorForward Detector

New CLAS12 Run Group E Experiments
• RG-E experiments collected data in spring of 2024 using 

the CLAS12 detector housed in Hall B at Jefferson Lab

• A double target assembly consisting of liquid deuterium 
and solid foil targets was placed at the center of the 
solenoid magnet
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Solid foils:
• C
• Al 
• Cu
• Sn
• Pb

Electron Beam

LD2



Online RG-E Multiplicity Ratios
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consistent with previously published CLAS6 charged pion multiplicity ratio results

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.015201


Particle Identification

 Particle ID:
 Electron: +11
 (+/-) pions: (+/-) 211
 Proton: +2212

 Detectors cuts:
 Electron should be in the forward 

region
 Pions and protons are either in the 

forward or central region

 Fit quality cut:
 3 σ cuts on the χ2 of reconstructed 

tracks

March 14, 2025Uditha Weerasinghe - APS GHP 2025 10



Electron Transverse Vertex Distributions
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 Sector-independent vertex cuts are used to improve RG-E target separation after completing the alignment



Electron z-Vertex Distribution

March 14, 2025Uditha Weerasinghe - APS GHP 2025 12



Pion z-Vertex Distribution
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Proton z-Vertex Distribution
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 Our channel of interest is Lambda SIDIS production off nuclei

 Lambda is identified through its decay daughter particles, proton 
and π-, detected in coincidence with the scattered electron

 Cuts applied on secondary vertex to refine the Lambda signal
 Distance between the electron and secondary Lambda vertex

 Opening angle between protons and π-s

 Studying cut on cos(𝛼𝛼∗)

Lambda Production Channel
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 It is expected that the combinatorial background could be further fine-
tuned by applying a cut on cos(𝛼𝛼∗) 

Ongoing cos 𝛼𝛼∗  Cut Studies
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Liquid H2 dataset

Liquid H2 dataset

Courtesy of Veronique Ziegler



Ongoing cos 𝛼𝛼∗  Cut Studies
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Ongoing cos 𝛼𝛼∗  Cut Studies
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Mean:  1.11518
Sigma: 0.00923
yield:     584
bkg:      9688
sigfrac:  5.7%

Mean:  1.11484
Sigma: 0.00984
yield:     535
bkg:      2513
sigfrac: 17.6%

Mean:  1.11479
Sigma: 0.00989
yield:     517
bkg:      2069
sigfrac: 20.0%

Mean:  1.11498
Sigma: 0.01025
yield:     511
bkg:      1623
sigfrac: 23.9%

Mean:  1.11487
Sigma: 0.01010
yield:     501
bkg:      1167
sigfrac: 30.0%

Mean:  1.11483
Sigma: 0.01081
yield:     471
bkg:       717
sigfrac: 39.6%



 Event mixing technique proved to be effective in 
modelling the background in the Λ invariant 
mass for CLAS6 EG2 data

 Each correlated event protons and pions pairs 
are mixed, respectively, with pions and protons 
from uncorrelated events to model the 
combinatorial background underneath the Λ 
peak

Event Mixing for Background Subtraction
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Summary and Outlook

 Efforts to calibrate the collected CLAS12 RG-E dataset are ongoing

 Analysis codes are under development to

 improve particle identification, vertex cuts and corrections

 polish the Lambda signal using secondary vertex cuts, and possible cuts on cos(𝛼𝛼∗)

 improve the event mixing algorithm for the background subtraction underneath the Lambda peak

 extract the Lambda preliminary results for multiplicity ratios and transverse momentum broadening
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Thank You!
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