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Neutrino Experiments
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Measured Flux Simulated

PRD 91, 072010 (2015)

Neutrino experiments are difficult
• Large beam energy spread

• Small cross sections

Need GENIE to extract the neutrino flux from data

How to validate GENIE?
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Electrons vs. Neutrinos

• Monoenergetic

• Larger cross sections

• Similar interactions
• Electro-weak

• Currents
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2 2
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If GENIE can describe 
neutrinos, it can describe 
electrons

EM Current: Charge-Coupling Weak Current:



4

Motivation
• GENIE badly describes inclusive 

p(e,e’) and D(e,e’) scattering in pion 
production region
• GENIE parameters are being tuned to 

better describe the data

• I will measure 4.2 GeV RG-B D(e,e’π) 
Forward Detector cross sections to 
improve GENIE

GENIE Total
RES

nonRES

PRD 103, 113003 (2021)
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Model Descriptions
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Onepigen
• Single pion event generator

• MAID2007 unitary isobar model

GENIE
• Phenomenological semi-classical event generator

• Quasi-elastic scattering

• Baryon resonance production (Berger-Sehgal)

• DIS and non resonant production (Bodek-Yang)

arXiv:nucl-th/9807001v2

PRD 103 (2021) 113003

Nucl.Phys. A645 (1999) 145-174

Eur. Phys. J. A34, (2007) 69-97

J. Phys. G: Nucl. Part. Phys. 29 (2003) 1899–1905

PRD 76 (2007) 113004
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DIS Production

Average radiative corrections (Rad/NoRad) calculated using onepigen
π+: 0.65 ± 0.07
π-: 0.5 ± 0.1

Compare data to models run through GEMC
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FD Particle 
Identification

Electron PID:
     EC sampling fraction cut < 2σ

Hadron PID:
     chi2pid < 3σ

Data taken during 
RG-B (Fall 2019)
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Fiducial Cuts

DC Region 1 π+

Red points are pions outside 
of fiducials
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Vertex Cuts
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About 400 M events

Run Selection
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Systematic Uncertainties

• Radiative 20% of correction

• Sector-to-sector variation

• Normalization 10%?
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Binning (Q2, W, θπq, Pπ)

Also binning in (Q2, W, θπ, Pπ)
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Future Work
• Finalize 

uncertainties
• May effect final 

cuts

• Add more 
onepigen events

• Graduate

This will help 
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Backup Slides
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Binning (Q2, W, θπ, Pπ)
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Oscillation Probability
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• Mesons consisting of combinations 
of u and d quarks and antiquarks

• Commonly produced in scattering 
experiments

Pion Physics

51

Δ

𝜋𝑁′

𝑁

𝑙′

𝑙

𝜋𝑁′

𝑁

𝑙′

𝑙

𝜋𝑋

𝑁

𝑙′

𝑙

Resonance Decay Production Non-Resonant Production

DIS Production

Steve Dytman (Univ. of Pittsburgh)
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CLAS12 DC

EC
FTOF

CTOF

SVT

Solenoid

Region 3

Region 2

LTCC

HTCC

Torus

Region 1

• Forward Detector:
• High Threshold Cerenkov Counter 

(HTCC) identifies scattered 
electrons

• Drift Chambers (DC) measure 
charged particle momenta

• Forward Time-of-Flight (FTOF) 
measures time-of-flight of 
charged particles

• Electromagnetic Calorimeters (EC) 
identifies scattered electrons
• Includes Pre-shower Calorimeter 

(PCAL)

• Central Detector:
Not used in this analysis

Beam
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FTOF Best Fit

Δ𝑡 = 𝑡𝑠𝑡𝑎𝑟𝑡 𝑡𝑖𝑚𝑒 − 𝑡𝐹𝑇𝑂𝐹 −
𝐿

𝛽ℎ 𝑝
; 𝛽ℎ 𝑝 =

𝑝

𝑝2 + 𝑚2
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DC Region 1 Pi+ DC Region 1 Pi-

DC Fiducial 
Cuts

• Fiducial cuts select hits (or tracks) with near 
100% efficiency

Red points are pions outside of fiducials
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EC Fiducial 
Cuts
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EC Fiducial Cuts

Required V, W > 14 cm (removed outer 
2 bars)
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Electron and Pion z Vertices
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Vperp [cm] Vtx [cm]
Vty [cm] Vtx [cm]

Vtz [cm]
Vtz [cm]

Vty [cm]

𝑉𝑝𝑒𝑟𝑝 = 𝑣𝑥
2 + 𝑣𝑦

2

Electron Perpendicular Vertices

50 2.5



Pi+ Perpendicular Vertices
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Pi- Perpendicular Vertices
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Vertex Z Difference 
(Electron – Pi+)
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Vertex Z Difference 
(Electron – Pi-)
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Vertex Z Difference 
(Electron – Pi-)

C
o

u
n

ts

C
o

u
n

ts

Fitted with gaussian

Cut = mean ± 3 * σ

P_π- > 1.0 GeV/c

0.5 GeV/c < P_π-
< 1.0 GeV/c

100
Vtz_e – Vtz_π- (cm)

-10

100
Vtz_e – Vtz_π- (cm)

-10

67



D(e,e’pi) Cross Sections
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𝑡𝑡𝑔𝑡 =
𝜌𝑡𝑔𝑡𝑙𝑡𝑔𝑡𝑁𝐴

𝑚𝑜𝑙𝑡𝑔𝑡

𝑑2𝜎

𝑑𝜔𝑑𝑇𝜋
=

𝑁𝑒𝑣𝑒𝑛𝑡𝑠

Δ𝑊Δ𝑇𝜋𝐿
∗ 𝑐𝑜𝑟𝑟. 𝑓𝑎𝑐𝑡𝑜𝑟𝑠

𝑁𝑒𝑣𝑒𝑛𝑡𝑠 =
𝑑6𝜎

𝑑Ω𝐸𝑑Ω𝜋𝑑𝐸′𝑑𝑇𝜋
ΔΩ𝐸ΔΩ𝜋Δ𝐸′Δ𝑇𝜋 ∗ 𝑁𝑒𝑡𝑡𝑔𝑡 ∗ 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟𝑠

𝐿 = 𝑁𝑒 ∗ 𝑡𝑡𝑔𝑡 𝑁𝑒 =
𝑄𝑡𝑜𝑡

𝑞𝑒

What we want

𝑁𝑒𝑣𝑒𝑛𝑡𝑠 =
𝑑2𝜎

𝑑𝑊𝑑𝑇𝜋
Δ𝑊Δ𝑇𝜋 ∗ 𝑁𝑒𝑡𝑡𝑔𝑡 ∗ 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟𝑠

Our formula
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Radiative Correction

• with onepigen

𝑅𝐶 =
𝐶𝑆𝑛𝑜𝑟𝑎𝑑

𝑜𝑛𝑒𝑝𝑖𝑔𝑒𝑛

𝐶𝑆𝑟𝑎𝑑
𝑜𝑛𝑒𝑝𝑖𝑔𝑒𝑛

𝐶𝑆𝑛𝑜𝑟𝑎𝑑
𝑑𝑎𝑡𝑎 = 𝐶𝑆𝑟𝑎𝑑

𝑑𝑎𝑡𝑎 ∗ 𝑅𝐶

RC for π+ prod.

Weighted fit for 
events in bin 
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Systematic 
Uncertainty
• Inclusive sector
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ed
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𝑆𝑦𝑠𝑈𝑛𝑐𝑠𝑒𝑐 = 𝑣𝑎𝑟

𝑣𝑎𝑟 =
1

5
෍

𝑖

𝑠𝑒𝑐

𝑦𝑖 − ത𝑦 2 −
1

6
෍

𝑖

𝑠𝑒𝑐

𝜎𝑖
2

ത𝑦 =
1

6
෍

𝑖

𝑠𝑒𝑐

𝑦𝑖 = 𝑎𝑣𝑒. 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑠𝑒𝑐𝑡𝑜𝑟𝑠

𝜎𝑖 = 𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐𝑎𝑙 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 𝑜𝑓 𝑦𝑖

𝑦𝑖 = 𝑑𝑎𝑡𝑎 𝑝𝑜𝑖𝑛𝑡 𝑓𝑜𝑟 𝑠𝑒𝑐𝑡𝑜𝑟 𝑖

W (GeV) W (GeV)

W (GeV)

Sector 1
Sector 2

Sector 4

20° ≤ θe < 25°10° ≤ θe < 15°

30° ≤ θe < 40°25° ≤ θe < 30°

15° ≤ θe < 20°

Sector 3

Sector 5
Sector 6

Used similar procedure for semi-inc. cross sections

D(e,e’)
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All sectors divided 
by Sector 1

D(e,e’)

Sector 1
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Sector 4
Sector 3

Sector 5
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Used similar procedure for semi-inc. cross sections
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