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Physics Motivation



Hadronization in SIDIS




Hadronization in SIDIS

An incoming
electron scatters
from the nuclear
target by
exchanging a
virtual photon.




Hadronization in SIDIS

The virtual photon interacts
with a quark inside one of the
bound nucleons, transferring
energy and momentum to it.
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After a characteristic production time,
the system becomes a color-neutral
“pre-hadron.” This object has the
quantum numbers of the final hadron,
but it is not fully formed yet.
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After a later formation time, the pre-
hadron evolves into a fully formed

(1)
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€ P Our production channel of interest

is Lambda production, which
decays to a proton and a 1

An incoming
electron scatters

p
from the nuclear
target by ~
exchanging a o -
virtual photon. y E,
e

After a characteristic production time, _ .
the System becomes a color-neutral After a later formatlon tlme, the pre-
“pre-hadron.” This object has the hadron evolves into a fully formed
quantum numbers of the final hadron, hadron

but it is not fully formed yet.



SIDIS Kinematics

/

¢ v: electron energy loss or struck quark’s initial energy

< (Q%: four-momentum transferred squared

/

W= /M2 + 2vM — Q2: total mass of the hadronic final state, where M is the nucleon
mass

’0

* ¥y= Y/g,...- €lectron energy fraction transferred to a struck quark

/

< z, = Pr/,: struck quark’s initial energy fraction carried by the formed hadron

\/

“* pr: hadron transverse momentum measured relative to the virtual photon direction

(3)



SIDIS Kinematics

“* v: electron energy loss or struck quark’s initial energy

< (Q%: four-momentum transferred squared

d Q%> 1GeV?: to probe the intrinsic structure of nucleons

< W= ,/M2+2vM — Q2: total mass of the hadronic final state, where M is the nucleon
mass

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

R

* y= Y/g,...- €lectron energy fraction transferred to a struck quark

0 y < 0.85: toreduce radiative effects based on former HERMES studies
< z, = Fr/,: struck quark’s initial energy fraction carried by the formed hadron

% pr: hadron transverse momentum measured relative to the virtual photon direction@



Physics Observables

Multiplicity Ratio

h (4)

SIDIS/ A
e
Rh _ NDIS

_ Nh (LD>)

SIDIS / (LD,)
e 2
NDIS

N

Transverse Momentum Broadening

Rg describes the attenuation of
formed hadrons, h, in the medium

Ap# is due to the energy loss of the
propagating struck quark(s) and/or
the elastic and inelastic scattering of
prehadrons and hadrons




Physics Observables

Multiplicity Ratio Transverse Momentum Broadening
h (A)
Ngipis
Ne (4)
h _ DIS 2 _ 2 2
Ry = h (LD>) Apr = <pT>A - <pT>LD2
N
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Previous Measurements
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https://arxiv.org/abs/0704.3270

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

CLASG6 Lambda Multiplicity Ratios

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

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

CLAS6 Lambda P; Broadening
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.142301

Experiment Setup



RG-E Target Setup

Dual target assembly with an LD2 cell and a series of solid foils

T 1

Solid foils:
« C

o Al

* Cu

* Sn

 Pb



The CLAS 12 Detector

A large acceptance detector with two detector regions:

O Forward 5° to 35°
d Central 35°to 135°
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The CLAS 12 Detector

A large acceptance detector with two detector regions:
O Forward 5° to 35°
O Central 35° to 135°

Capable of
) S NUA FTOF N/
I EC & PCAL fod S L AL_Torus Magnet d tracking
T | h / QI’ [ \ ‘ Solenoid Magnet D timing
. ¢ [ | DL AN, | cTOF + cnD  calorimetry
— i -/ . m m

O particle ID

over a large angular and
momentum range

Forward Detector




Preliminary Analysis



Removing Inefficient Regions of Detectors

A cut on the distance to the nearest edge was used to remove the areas of the Dirift
Chamber with low efficiency

Region 1: layer 6 Region 2: layer 18 Region 3: layer 36

edge (cm)

plot selection: positive charged non-electrons plot selection: all charged non-electrons plot selection: negative charged non-electrons
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Removing Inefficient Regions of Detectors

We use a cut on the distance to the nearest edge to remove the areas of the Drift
Chamber with low efficiency

Positive charged non-electrons: x-y occupancy before and after final region-level edge cuts
Total kept 103,385,145/105,933,610 (97.6%)

Region 1: layer 6 Region 2: layer 18 Region 3: layer 36
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Separating Targets using Vertex Cuts

o The first IOOk at processed Run 020151: local LD2 + solid fits

] inbending, LD2+C, particle.vz, negative, forward, sector=all
data shows poor target separation
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0000000
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100000 +
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Separating Targets using Vertex Cuts

* The first ook at processed Fun Q20153 Ibending, 1021
data shows poor target separation  ReCaparticlexz, N=34751732
“ After adding information from | T
the Forward Micromegas Tracker,
the resolution improved A
[
° 300000 + /
100000 +



Run 020507: local empty+wire fits
hybrid.vz, negative, forward, sector=all
— data, N=8170430

Id2_entrance: good, mea
ean=-5.516

¢ The first look at processed
data shows poor target separation ___|

150000 +
i

% After adding information from
the Forward Micromegas Tracker, fl

the resolution improved
8 | | H ]

% An empty target run was used :
to find the position and limits of ' Yy
the reference foil |

25000 A

Separating Targets using Vertex Cuts
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Separating Targets using Vertex Cuts

¢ The first look at processed
data shows poor target separation

% After adding information from
the Forward Micromegas Tracker,
the resolution improved

counts

“* An empty target run was used
to find the position and limits of
the reference foll

** A box convoluted Gaussian,

and a Crystal Ball function were J

used to fit and separate the
targets

Run 020151: local LD2 + solid fits
inbending, LD2+C, hybrid.vz, negative, forward, sector=all

700000 A

600000 +

500000 A

400000 A

300000 A

200000 +

100000 A

— data, N=34690027
Id2: good, mean=-6.571, w=2.243
—— solid: good, mean=-1.514




Refining Particle ldentification

¢ As a starting point, all particles

were required to have: Elecion 11

1 Reconstructed PID = PDG value Proton 2212
50 cut on confidence of PID - -211



Refining Particle ldentification

RGE LD2 + C : 20150

¢ As a starting point, all particles
were required to have:

d Reconstructed PID = PDG value
d 50 cut on confidence of PID

*»» To refine electron selection, a
sampling fraction cut was

developed
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Refining Particle ldentification

¢ As a starting point, all particles
were required to have:

d Reconstructed PID = PDG value
d 50 cut on confidence of PID

¢ To refine electron selection, a
sampling fraction cut was
developed

< AT vs momentum cuts were
developed to refine the proton
and 17 identification
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Refining Particle ldentification

¢ As a starting point, all particles
were required to have:

d Reconstructed PID = PDG value
d 50 cut on confidence of PID

*»» To refine electron selection, a
sampling fraction cut was
developed

o AT vs momentum cuts were
developed to refine the proton
and 11- identification
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Lambda Invariant Mass Distributions

* A A signal is reconstructed through the pm~invariant mass distribution

“» Detached vertex cuts are being developed to refine the Lambda peak

N\ invariant mass

LD, A—»pr~ Carbon A-»pm—
4000 : T
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Event Mixing

Protons and pions from the same event are mixed with pions and protons from
uncorrelated events to model the combinatorial background underneath the A peak
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Next Steps

Refine the analysis

Extract A production

Expand the analysis to observables in the CFR

in: rrection
chain: cuts, corrections, the central detector

and systematic checks

and TFR regions




Summary

“ A electroproduction in SIDIS is a useful channel for studying strange hadronization in
different fragmentation regions.

“ A A signal is reconstructed through the pr~invariant mass distribution after event and
PID selections.

/

*» Event mixing provides a data-driven way to model combinatorial background,
enabling future physics extraction

*» Extracting physics observables is underway

Thank Vou!

This work is supported in part by the U.S. DOE award #: DE-FG02-07ER41528
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