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Introduction



Physics Motivation

¢ Studying hadronization processes in Semi Inclusive Deep Inelastic Scattering (SIDIS) production helps improve
our understanding of the confinement dynamics, a fascinating feature of Quantum Chromodynamics, the

fundamental theory of strong interactions between quarks and gluons

¢ Hadronization process is characterized by two time-distance scales:
"= Production time (t,): Struck quark propagates as a colored object during the color-neutralization stage

= Formation time (t;): Time needed for the color-neutral prehadron to evolve into a fully dressed hadron with its gluonic

field
e+p—-e +h+X
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Kinematic Cuts

¢ The study of hadronization dynamics is probed in the SIDIS regime
using this set of kinematics and cuts:

J[STATEY

v: electron energy loss or struck quark’s initial energy
Q?: four-momentum transferred squared
« Q% > 1 GeV?: to probe the intrinsic structure of nucleons
Y= Y/g,.... €lectron energy fraction transferred to a struck quark

* y < 0.85: toreduce radiative effects based on former HERMES studies

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

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

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

pr: hadron transverse momentum measured relative to the virtual
photon direction
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RG-E Experiment Setup

¢ RG-E experiments collected data during the spring of 2024 using the standard CLAS12 detectors with FT-OFF

¢ A double target assembly consisting of liquid deuterium (LD2) and solid foil targets placed inside the solenoid

magnet
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Fiducial Cuts



Forward Detector Fiducial Cuts - Drift Chamber

¢ The chi2/ndf vs edge method found in several analysis notes was trialled

\/

¢ Region 3 showed a strong dependence on the PCAL acceptance

Electrons: weighted mean y?/NDF vs edge by sector (y max from 99.4th percentile)
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Forward Detector Fiducial Cuts - Drift Chamber

% The chi2/ndf vs edge method found in several analysis notes was trialled
% Region 3 showed a strong dependence on the PCAL acceptance
* A better method was to take the yield vs edge in theta bins

% The choice of particles used in each region was based on the magnetic field configuration

(ref: CLAS12 software office hours discussion with Raffaella)

Positive charged particles All charged particles Negative charged particles
Region 1, layer 6, sector 1 | charge > 0 Region 2, layer 18, sector 1 | charge != 0 Region 3, layer 36, sector 1 | charge < 0
selected=27,537,397, plotted=26,430,113 selected=43,750,172, plotted=43,202,680 selected=16,211,728, plotted=15,575,434
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Determining the Edge Cut Value

¢ The 1D edge histograms for each theta bin were plotted and smoothed

¢ Then the log of the counts were plotted

/

% Used several methods to find the transition point between low and high efficiency
» Highest first derivative: too loose

= | owest second derivative (before a fixed limit): too strict & unstable

» Followed a complex procedure: close to where we need to be

Combined pions, m* +nr~ | Region 2 (layer 18) | sector-independent | abs(pid) == 211
20.0 = 6y, <21.0° | entries = 3,608,509 | theta bin 010 | status = ok | final cut = 4.221 cm
upper transition limit = 17.5 cm, plateau cap = 65 cm, smooth window = 5, log offset = 1
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Determining the Edge Cut Value

¢ The 1D edge histograms for each theta bin were plotted and smoothed

¢ Then the log of the counts were plotted

/

% Used several methods to find the transition point between low and high efficiency
» Highest first derivative: too loose

= | owest second derivative (before a fixed limit): too strict & unstable

(later discarded)

» Fitted the initial peak of the first derivative with a Gaussian and took the 3 o limits
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Determining the Edge Cut Value

¢ The transition point between high and low efficiency was found for each theta bin

¢ These points were fitted with a constant function to determine the region-dependent DC fiducial cuts

theta vs edge with transition candidates and final cuts

Region 1: layer 6 Region 2: layer 18 Region 3: layer 36
plot selection: positive charged non-electrons plot selection: all charged non-electrons plot selection: negative charged non-electrons
50 80 120
.E @ theta-bin candidates .'_ ® theta-bin candidates ® theta-bin candidates
" = final cut = 1.25 cm .l = final cut = 1.35 cm = final cut = 1.94 cm
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Effect of Applying Drift Chamber Fiducia

Region 1: layer 6

Positive charged non-electrons: x-y occupancy before and after final region-level edge cuts

Before cuts

Total kept 103,385,145/105,933,610 (97.6%)
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Effect of Applying Drift Chamber Fiducial Cuts

Region 1: layer 6
Before cuts

Negative charged non-electrons: x-y occupancy before and after final region-level edge cuts

Total kept 22,882,837/23,831,264 (96.0%)

Region 2: layer 18
Before cuts

Region 3: layer 36
Before cuts
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Refining Particle Identification

Electrons Protons Pions

+* Particle ID:
= Electron: +11

" (+/-) pions: (+/-) 211

= Proton: +2212

/

s Detectors cuts:

= Electron should be in the
forward region

* Pions and protons are either in

the forward or central region ssoo0f- —
. . 40000 ;— . N
% Reconstruction quality cut: as000-

= 50 cuts on chi2pid o
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Refining Particle Identification: Electron
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% Sampling fraction vs Energy deposition was used to get the
initial refinement
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Event Builder Hadron PID

»» Charged particles with a TOF hit that are not
identified as e* and are not the start-time
particle are assigned hadron PID.

1.2 -
- 10°

1.0 A

L 104

»» Possible hypothesesinclude d, p, K, m (both
charge states for p/K/m).

o
o

* PID is determined by minimizing the
difference between vertex time and event
start time.

103

Measured B
o
o
Counts

10?2

o
»

*» The timing comparison is based on the
expected vertex time for each particle
hypothesis. 021

10!

0.0 == W = 100
2

Momentum p (GeV)

Ref: CoatJava Event Builder Documentation
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https://github.com/JeffersonLab/coatjava/blob/development/reconstruction/eb/README.md#charged-hadrons

Contamination Affecting == PID

s+ AT was calculated as follows: Delta T vs momentum foral ative particles in FD

1.5 - - ::. -_._—._I_— - :I:'-
AT = (TFTOF — Tstart) — 3

lpath
C: ﬁexp

3 104

1.0 A

p

where By = ——
p2+m72T 0.5

¢ FTOF priority order was selected

103

according to CLAS12 convention: £ . £
FTOF1B > FTOF1A > FTOF2 : 107
_0.5 .
% Alternatively, we could also look at 10 °
AR defined as:
ABn = Bmeas — 8(52)9 0 2 - 4 o -8 - 10 1o

Momentum p (GeV)
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Contamination cleared by Event builder PID

¢ Most of the contamination is cleared by the event builder as shown by the AT and AP plots

104 104
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Counts
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100 100
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Contamination cleared by Event builder PID

¢ Most of the contamination is cleared by the event builder as shown by the AT and AP plots

Delta beta vs momentum for all negative particles in FD Delta beta vs momentum for FD 1~
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Cut Extraction Strategy

Cut Extraction Procedure

% The AT (or AB) vs momentum distribution was | ﬁ 2
divided into 50 MeV momentum slices from 0-
10 GeV.

¢ In each slice, a Gaussian fit was performed to
extract the i peak.

103

Counts

102

10t

¢ The resulting peak parameters and their errors
were used to determine momentum-dependent
PID cuts.

10°

Momentum p (GeV)

T53

e All slice means
Fit-range means
e. Fit-range—30 points

% Several functions were trialed to get a |
meaningful cut

= Spline fit on AT and AR

®|.e Fit-range +30 points-fi

= Resolution function with polynomial on AT
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Cut Extraction Strategy

Cut Extraction Procedure

L)

» The AT (or AB) vs momentum distribution was
divided into 50 MeV momentum slices from 0-
10 GeV.

¢ In each slice, a Gaussian fit was performed to
extract the i peak.

L)

6 4 6
P (Gev) P (Gev)

(0.3.10.0) (0.3,9.0) 10.3,8.0) (03.7.0)
4:7.39 | 0:25.3 1: 7.63] 0:25.8 1:6.93 ] 0:23.1

¢ The resulting peak parameters and their errors
were used to determine momentum-dependent
PID cuts.

L)

L)

» Several functions were trialed to get a
meaningful cut

= Spline fit on AT and AR

= Resolution function with polynomial on AT

P (Gev) P (Gev)
10.6.10.0) 10.6,9.0)

Momentum Range Selection

¢ p <0.2GeV: excluded due to noisy data

s p > 9 GeV: excluded due to lack of statistics
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Final Cuts for m~ PID Refinement

J[STATER

Initial PID window defined as p_+ 30

Since the spline function didn't fit
properly, a resolution function was
fitted to the 30, points and a 2"9 order
polynomial was fitted to the p__points

The resolution function is given by:
b 2
o(p) = |a*+ (p_“>

This function is more stable across the
higher momentum region despite the
low statistics

Momentum p (GeV)
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Impact of m~ PID Refinement

% These adaptive cuts were implemented in the analysis framework and validated by comparing ™ momentum
distributions before and after the refinement

FD m— momentum before/after At cut

[ Before cut
[ After At cut
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Contamination Affecting Proton PID

¢ AT was calculated as follows: - RG-E: 020082: FD (+)ve particles
[ 7 V7 A T T S T
. path N el T T
AT = (tFTOF o tstart) — C- ,B E:’: . A A
! Ly LA
Where ﬁexp — L <] _ r::-'f:--T—i' A -..l.: :-|:.': :' 103
/p2+m129 1.0 - 2 TEk
R
% FTOF priority order was selected 05 - M A T
according to CLAS12 convention: i e, T .
i tE-] 102 £
FTOF1B > FTOF1A > FTOF2 0.0 + RIS 5
.
¢ Higher momentum regions show o5 _
increasing m and K contamination
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Cut Extraction Strategy
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Final Cuts for Proton PID Refinement

/7

% Initial PID window defined as p, £ 30,
¢ Once the K/m band overlaps the proton region, the lower bound was progressively tightened to suppress

contamination
o The final momentiim-denendent At halindarie< were narameterized with a smnnthed snline fit
Loo FD: At(p) vs p with adaptive proton cu Loo FD: At(p) vs p with adaptive proton cuts
| PR | O T T oeeny 10%
= Proton cut limit = Proton cut limit
== Contamination limit
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Impact of Proton PID Refinement

¢ These adaptive cuts were implemented in the analysis framework and validated by comparing proton

momentum distributions before and after the refinement

Counts

J[STATEY

FD Proton Momentum Spectrum: Before vs After At(p) Selection
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Resolving the Reference Foil

\/

¢ Information from the FMT was used to improve
the vertex resolution
= Without the FMT, the Aluminum reference foil

between the liquid target and the solid target
could not be resolved

500000 A

counts

300000 A

200000 A

100000 A

J[STATEY

Run 020151: inbending, LD2+C
negative, forward, sector=all

700000 A

600000 A

400000 A

—— REC::Particle.vz, N=34751732
REC::FTrack.vz only, N=25420365
—— Hybrid: FTrack if available, else Particle, N=34690027

-12 -10 -8 -6 -4 -2 0 2 4
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Resolving the Reference Foil

Run 020507: local empty-+wire fits
hybrid.vz, negative, forward, sector=1
— oo, 1397202 — oo, 1374786
40000 — iz enance:good, mean=2.750 40000
— 2. ext:gece, mean=-5601
— reference foi god mean-3:
— wite:goee, mean=-1675 35000

Run 020507: local empty+vire fits

Run 020507: local empty+vire fits
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* Information from the FMT was used to improve - s B F‘ W
the vertex resolution - =] . f
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between the liquid target and the solid target = T~ | T |
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* These limits were then used to set the upper 1
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hybrid.vz, positive, forward, sector=3
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Run 020507: local empty+wire fits
hybrid.vz, negative, central detector

s Information from the FMT was used to improve
the vertex resolution
= Without the FMT, the Aluminum reference foil o
between the liquid target and the solid target
could not be resolved 1000 |
’ ] . ]
s The empty+wire target configuration was used N | | | |
to obtain the limits of the reference foil T T ; ;
% These limits were then used to set the upper Run 020507, oo emay- e s
limit of the LD2 target and the lower limit of i T e
the solid target SRR,

" T o B : ; :
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Vertex Cuts Excluding the Reference Foil

¢ Central Detector negative and positive particles:

LD2_C: h_vz_positive_central_all

1¢6 LD2_C: h_vz negative_central_all 1e7
i 1 — LD2 fit 1 1 - | =—— LD2fit
104 — Afit i i .. i — Afit
’ —— reference foil limits : : : —— reference foil limits
4 data 2.01 ! ! . . ! 4 data
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¢ For the Lambda analysis, only the electron vertex is used as a primary vertex
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A Production Channel

% Our channel of interest is A SIDIS production off nuclei
*» Aisidentified through its decay daughter particles, proton and -,

detected in coincidence with the scattered electron

¢ Cuts applied on secondary vertex to refine the A signal

= Distance between the electron and secondary A vertex

» Opening angle between protons and 1r's

2 =
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Sy .;éé@ Tffém
Y h
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A Invariant Mass Distributions

s A plot of Lambda invariant mass All: A-» prn~ mass, N=872567
distributions shows a large 20000 1
background that subdues the Lambda
peak
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A Invariant Mass Distributions

¢ A plot of Lambda invariant mass

distributions shows a large background 2

that subdues the Lambda peak

¢ However, our decay products could be
found in four topologies:
= Both proton and pion in the forward
detector (FD-FD)

* Proton in forward, pion in central (FD-
CD)

Counts

0_

FD-FD: A— prn~ mass, N=152569
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* Proton in central, pion an forwards (CD- ;.
FD)

= Both proton and pion in central
detector (CD-CD)
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A Invariant Mass Distributions

FD-FD: mp;- vs. vz—ovz

¢ A plot of Lambda invariant mass

distributions shows a large 100 ™
background that subdues the Lambda . -
peak 731 - 1
* However, our decay products could 50 - 107
be found in four topologies: -
= Both proton and pion in the forward 'c 25 c
detector (FD-FD) o f
* Proton in forward, pion in central (FD- % 0- 42
—_ 01
* Proton in central, pion an forwards N -25 1070
(CD-FD)
~50 - - S
= Both proton and pion in central - - .- -
detector (CD-CD) s ] - _
¢ Looking at secondary vertex
o o o — . 1 T T 0
dlstrlbutlons coqld help clean our 10045 L p »y T 18 10
invariant mass distributions Mo [GeV]
pr
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A Production Channel

LD2
% Our channel of interest is A SIDIS production off nuclei oo
*» Aisidentified through its decay daughter particles, proton and -,
detected in coincidence with the scattered electron 300
¢ Cuts applied on secondary vertex to refine the A signal E .
= Distance between the electron and secondary A vertex C
» Opening angle between protons and 1r's 100 1
0
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e’ 350
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Event Mixing for Background Subtraction

\/

s Event mixing technique proved to be
effective in modeling the background in
the Ainvariant 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 A peak

L)

» The RoofFit library was used to assign
probability distribution functions- Breit-
Wigner for the signal and the mixed events
sample for the background, to fit the
invariant mass distribution and obtain the
Nvyield

L)
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Summary and Outlook

¢ The pass-1 cooking of the CLAS12 RG-E dataset is complete
*» Studies to determine fiducial, vertex and particle ID cuts are nearing completion

¢ Analysis codes are under development to

= polish the Lambda signal using secondary vertex cuts
* 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

Thank Vou!
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Physics Observables

Multiplicity Ratio Transverse Momentum Broadening
h (4)
NSIDIS
Ne (4)
h _ DIS 2 _ [2\ [..2
RA o Nh (LD») ApT _ (pT>A <pT>LD2
SIDIS / (LD)
e (LD
NDIS
R}A describes the attenuation of formed Ap#% is due to the energy loss of the propagating
hadrons, h, in the medium struck quark(s) and/or the elastic and inelastic

scattering of prehadrons and hadrons
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