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F2 Update in Hall C

Precision measurements of the F2 structure function at large x in the 

resonance region and beyond

E12-10-002 


https://www.jlab.org/physics/hall-c

See past talks for more 
details on physics 
motivation and analysis
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F2 Experiment in Hall C

• 12 GeV Commissioning Experiment

• Ran in Spring 2018

• Single Arm (Inclusive) measurement

• Scattered e- detected in spectrometers

• Hydrogen and Deuterium Liquid Targets
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F2 Experiment in Hall C
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F2 Cross Section Extraction
Data Yields 

See talk at Winter Collaboration meeting for more analysis details 
(Pion contamination, Charge Symmetric Background, Livetime, PID, radiative 

corrections, etc)

https://indico.jlab.org/event/517/contributions/9310/attachments/7536/10488/F2_HallCwinterCollaboration_2022.pdf
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Monte Carlo (MC) Ratio Method

F2 Cross Section Extraction

• MC ran for 50M events mc-single-arm 


• Events are weighted after using radiated using 
rc_externals and f1f221 model


• Charge Symmetric Background added to MC 
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Data vs MC

F2 Cross Section Extraction
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Cross Section Extraction (MC Ratio Method)
F2 Cross Section Extraction
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Wiggles from binning 
parameter in 
rc_externals (effected 
LD2 only)

Two bands due to 
applying 0.6% density 
correction in wrong 
direction 

HMS difference due to a 
bug in mc_single arm

Large SHMS differences 
is from excluding 
stop_id=33 events

Recent Changes to Analysis
• New Boiling Slopes (not reflected in these plots)

• HMS mc_single_arm fix

• SHMS Monte Carlo weighting fix

• Transitioned from delta binning to W2 binning

• Improvements on F1F221 model

• Included an addional error to account for model 

dependence

• Introduced and fixed new bugs in data analysis

• Corrections to dummy subtraction

• Corrections to reconstruction matrixes for two 

settings
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Recent Changes to Analysis

• Old boiling analysis used BCM4B

• BCM4B was not stable during luminocity scans

• BCM4A Saturated at the highest current settings

• BCM4C is the best BCM to use

BCM4B and BCM4C 
are in diagreement 
at the % level

New Target Boiling Correction

Comparing with the 
Unser shows BCM4C 
is the most stable

BCM= Beam Current Monitor



2022 Summer Hall A/C Collaboration Meeting                                                      June 16th,202210

Recent Changes to Analysis
New Target Boiling CorrectionNew Target Boiling Correction

OLD

NEW
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Recent Changes to Analysis
New Target Boiling Correction

*Slightly different slopes than shown in previous slide because the PID cuts 
were changed to match the the cuts used in the main analysis 

Dave Mack’s Scaler Analysis 
on Fall 2018 data. Our analysis on Spring 2018 Data

*The LH2 fan speed was different between Fall and Spring Runs so we can’t 
compare those results

Good agreement when comparing Fall and Spring Boiling Slopes

https://hallcweb.jlab.org/doc-private/ShowDocument?docid=1096
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Recent Changes to Analysis

• A bug was found in mc-single-arm.  Events that 
would make it into the detector hut but miss the 
detector stack were being included as 
successful events


• It was corrected and pushed to the JeffersonLab 
github in February of 2022


• After the fix, raw cross sections change by ~ 
5%?


• Little impact of D/H ratio

Monte Carlo Update
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Recent Changes to Analysis
Change in extracted cross section when using different input models

W2 Binning Delta Binning
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D/H                 

• W2 Binning is less sensitive to model dependence, especially in the resonance region!

Hydrogen        

Deuterium     

D/H                 

W2 W2
• Apply as additional systematic error
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Recent Changes to Analysis
New Target Boiling CorrectionCross section extraction: W2 vs Delta binning

• Overlap region in cross section is worst with W2 binning but vanishes in D/H ratio 
• Needs to be addressed for absolute cross sections
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Error 
Global (correlated) 

or 
 point to point (uncorrelated)

Size (%)

Statistical Point to Point 0.6 - 5.6 (2.9**) 
Charge Point to Point 0.1 - 0.6

Target Density Point to Point 0.0 - 0.2
Target Density Global 1.1

Livetime Global 0.0 - 1.0 
Model Dependence Global 0.0 - 2.6 (2.1**)

Charge Symmetric Background Global 0.0 - 1.4

Acceptance Global 0.0 - 0.6 (0.3**)

Kinematic* Global 0.0 - 0.4
Radiative Correction Global 0.5 - 0.7 (0.6**)
Pion Contamination Global 0.1 - 0.3
Cerenkov Efficiency Global 0.1

Total Global Global 1.3 - 1.9 (2.1**)
Total Point to Point Point to Point 0.6 - 5.7 (2.9**)

Kinematic Error :
δE′￼
E

=
δEBeam

EBeam
= 0.1 % ,

δθ
θ

= 0.25mr*
** With DIS cut (W2 > 3 GeV2)

D/H Ratio Error Budget 
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F2 Results
HMS and SHMS 
@ 21 degrees

CJ15

KP Hybrid

AKP17

Plot shown in FebruaryPrel
im

inary
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F2 Results

Plot 
shown in 
February

Prel
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F2 Results

CJ Impact Study

Courtesy of Alberto Accardi and Shujie Li


(Analysis needs to be revisted with new data)
Prel

im
inary



2022 Summer Hall A/C Collaboration Meeting                                                      June 16th,202221

CJ15 Impact Study
F2 Results

Courtesy of Alberto Accardi and Shujie Li


(Analysis needs to be revisted with new data)
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CJ15 Impact Study
F2 Results

Courtesy of Alberto Accardi and Shujie Li


(Analysis needs to be revisted with new data)
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JAM Impact Study
F2 Results

Courtesy of Chris Cocuzza, Andreas Metz, W. Melnitchouk, and N. Gonzalez

Without E12-10-002

With E12-10-002

https://www.jlab.org/theory/jam

• D/H ratio was provided 
to Jefferson Lab Angular 
Momentum 
Collaboration (JAM) to 
incorporate into their 
global QCD analysis of 
PDFs


• E12-10-002 data 
reduces the uncertainty 
to higher twist 
corrections on F2 Prel

im
inary
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Analysis and Figures by Abel Sun

Quark Hadron Duality Studies

Preliminary
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Quark Hadron Duality Studies

Preliminary

Preliminary

Preliminary

Preliminary

Analysis and Figures by Abel Sun

(C
J1

5)
 d

x

• Very prelimary since analysis on 
absolute cross sections not nearly 
complete


• This data can push duality integrals 
to higher Q2 

E12-10-002 Proposal E12-10-002 Data
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Preliminary Preliminary

PreliminaryPreliminary

Analysis and Figures by Abel Sun

Quark Hadron Duality Studies
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Quark Hadron Duality Studies

• Duality studies at fixed x over a range of Q2 

• Peaks and valleys in resonance region shift along x as Q2 changes 
• Allows us to average x bins as an alternative method to study duality  

• Analysis includes world data + E12-10-002 

Analysis and Figures by Debaditya Biswas
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Quark Hadron Duality Studies

Q2=1.25 GeV2

Q2=4.5 GeV2

Q2=10.5 GeV2

Analysis and Figures by 
Debaditya Biswas
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Summary and Acknowledgments

• D/H ratios complete and impact studies are being 
finalized.  Paper being drafted (PRL)


• High Q2 setting in the HMS (59°) needs to be 
analyzed


• Absolute Cross Section Tasks

• Revisit Calorimeter Efficiency 

• Revisit forward and reconstruction matrices

• F2d and F2n extraction

• MC Ratio method vs Acceptance Method


• Quark-Hadron duality Averaging

• Compute non single moments

• Improve resonance/DIS modeling

(Contact)

To Do List
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Back-Ups
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Target Density

Uncertainty

• The overall normalization uncertainty 
used is slightly larger than the table; 
0.75% in cross sections and 1.1% in 
D/H ratio.


• Global error reflects our lack of 
knowledge to the target boiling, 
temperature, density, length and 
beam position.


• An additional point to point 
uncertainty is calculated by taking 
the difference with the average 
current 
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F2 Results

Hydrogen           Deuterium         D/H Ratio 

Data / Model Data / Model Data / Model

HMS @ 21 degrees
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F2 Results

Hydrogen           Deuterium         D/H Ratio 

Data / Model Data / Model Data / Model

SHMS @ 29 degrees
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arXiv:2104.06946
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Back Up
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JAM Impact Study
F2 Results

Courtesy of Chris Cocuzza, Andreas Metz, W. Melnitchouk, and N. Gonzalez

Without E12-10-002

With E12-10-002

https://www.jlab.org/theory/jam

• D/H ratio was provided 
to Jefferson Lab Angular 
Momentum 
Collaboration (JAM) to 
incorporate into their 
global QCD analysis of 
PDFs


• New F2 data 
significantly improves 
the uncertainty of higher 
twist corrections to F2

Slide from Winter


