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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 
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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 Cross Section Extraction
Data Yields • Calculated in 1% delta bins
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F2 Cross Section Extraction

Energy Deposit in Calorimeter/Track Momentum
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• E/p > 0.7


• NPE > 2.0
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E’

Pion Contamination

F2 Cross Section Extraction
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Charge Symmetric Background

F2 Cross Section Extraction
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Livetime Correction 
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 / ndf 2χ  500.638 / 505

p0        0.000303541± 1.00101 

p1       09− 3.28744e±08 −3.70707e− 

All Prescales

Electronic Live Time (TLT/CLT)

• Total livetime (TLT) was measured by the new 
EDTM system.


• Since the EDTM rate was small (10 Hz) there 
was insuffienct statistics to provide an 
accurate measure of the TLT


• The computer livetime (CLT) can be 
calculated by looking at the scalers trigger 
counts vs recorded triggers.


• The electronic live time (ELT) is not measured 
directly.


• However, since TLT = ELT * CLT, a fit of TLT/
CLT over all runs was used to calculate the 
total live time correction.   


• e.g.   ELT at 270 kHz plane rate = 99.0%

• A 100% uncertainty was applied to the ELT 

calculation

F2 Cross Section Extraction
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F2 Cross Section Extraction
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 / ndf 2χ  2.677 / 6
y-int     0.005491±     1 
slope (%/100uA)  1.464±4.065 − 

 / ndf 2χ  2.677 / 6
y-int     0.005491±     1 
slope (%/100uA)  1.464±4.065 − 

LH2 SHMS Boiling

 / ndf 2χ  0.8617 / 6
y-int     0.004216±     1 
slope (%/100uA)  1.273±2.319 − 

 / ndf 2χ  0.8617 / 6
y-int     0.004216±     1 
slope (%/100uA)  1.273±2.319 − 

 / ndf 2χ  1.341 / 6
y-int     0.003758±     1 
slope (%/100uA)    1.2±2.3 −  

 / ndf 2χ  1.341 / 6
y-int     0.003758±     1 
slope (%/100uA)    1.2±2.3 −  

 / ndf 2χ  2.677 / 6
y-int     0.005491±     1 
slope (%/100uA)  1.464±4.065 − 

 / ndf 2χ  0.8617 / 6
y-int     0.004216±     1 
slope (%/100uA)  1.273±2.319 − 

 / ndf 2χ  1.341 / 6
y-int     0.003758±     1 
slope (%/100uA)    1.2±2.3 −  

Tracking Yield

Non-tracking Yield

Scaler Yield
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 / ndf 2χ  2.152 / 5
y-int     0.005922±     1 
slope (%/100uA)  1.733±2.575 − 

 / ndf 2χ  2.152 / 5
y-int     0.005922±     1 
slope (%/100uA)  1.733±2.575 − 

LD2 SHMS Boiling

 / ndf 2χ  0.4267 / 5
y-int     0.00466±     1 
slope (%/100uA)  1.547±1.542 − 

 / ndf 2χ  0.4267 / 5
y-int     0.00466±     1 
slope (%/100uA)  1.547±1.542 − 

 / ndf 2χ  0.7861 / 5
y-int     0.004146±     1 
slope (%/100uA)  1.471±1.1 −  

 / ndf 2χ  0.7861 / 5
y-int     0.004146±     1 
slope (%/100uA)  1.471±1.1 −  

 / ndf 2χ  2.152 / 5
y-int     0.005922±     1 
slope (%/100uA)  1.733±2.575 − 

 / ndf 2χ  0.4267 / 5
y-int     0.00466±     1 
slope (%/100uA)  1.547±1.542 − 

 / ndf 2χ  0.7861 / 5
y-int     0.004146±     1 
slope (%/100uA)  1.471±1.1 −  

Tracking Yield

Non-tracking Yield

Scaler Yield
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 / ndf 2χ  0.1508 / 1
y-int     0.01597±     1 
slope (%/100uA)  3.495±2.017 − 

 / ndf 2χ  0.1508 / 1
y-int     0.01597±     1 
slope (%/100uA)  3.495±2.017 − 

C12 SHMS Boiling

 / ndf 2χ  0.2016 / 1

y-int     0.01182±     1 

slope (%/100uA)  2.592±0.6307 − 

 / ndf 2χ  0.2016 / 1

y-int     0.01182±     1 

slope (%/100uA)  2.592±0.6307 − 

 / ndf 2χ  0.6875 / 1
y-int     0.01026±     1 
slope (%/100uA)  2.248±  1.45 

 / ndf 2χ  0.6875 / 1
y-int     0.01026±     1 
slope (%/100uA)  2.248±  1.45 

 / ndf 2χ  0.1508 / 1
y-int     0.01597±     1 
slope (%/100uA)  3.495±2.017 − 

 / ndf 2χ  0.2016 / 1

y-int     0.01182±     1 

slope (%/100uA)  2.592±0.6307 − 

 / ndf 2χ  0.6875 / 1
y-int     0.01026±     1 
slope (%/100uA)  2.248±  1.45 

Tracking Yield

Non-tracking Yield

Scaler Yield
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 / ndf 2χ  5.928 / 7
y-int     0.003748±     1 
slope (%/100uA)  0.7311±3.84 − 

 / ndf 2χ  5.928 / 7
y-int     0.003748±     1 
slope (%/100uA)  0.7311±3.84 − 

LH2 HMS Boiling

 / ndf 2χ  5.189 / 7

y-int     0.003287±     1 

slope (%/100uA)  0.6492±3.732 − 

 / ndf 2χ  5.189 / 7

y-int     0.003287±     1 

slope (%/100uA)  0.6492±3.732 − 

 / ndf 2χ  3.892 / 7
y-int     0.003191±     1 
slope (%/100uA)  0.626±3.403 − 

 / ndf 2χ  3.892 / 7
y-int     0.003191±     1 
slope (%/100uA)  0.626±3.403 − 

 / ndf 2χ  5.928 / 7
y-int     0.003748±     1 
slope (%/100uA)  0.7311±3.84 − 

 / ndf 2χ  5.189 / 7

y-int     0.003287±     1 

slope (%/100uA)  0.6492±3.732 − 

 / ndf 2χ  3.892 / 7
y-int     0.003191±     1 
slope (%/100uA)  0.626±3.403 − 

Tracking Yield

Non-tracking Yield

Scaler Yield
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 / ndf 2χ  1.677 / 5
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slope (%/100uA)  0.8239±4.295 − 

 / ndf 2χ  1.677 / 5

y-int     0.004207±     1 

slope (%/100uA)  0.8239±4.295 − 

LD2 HMS Boiling

 / ndf 2χ  4.053 / 5
y-int     0.003706±     1 
slope (%/100uA)  0.7365±4 −    

 / ndf 2χ  4.053 / 5
y-int     0.003706±     1 
slope (%/100uA)  0.7365±4 −    

 / ndf 2χ  3.307 / 5
y-int     0.003492±     1 
slope (%/100uA)  0.6941±3.911 − 

 / ndf 2χ  3.307 / 5
y-int     0.003492±     1 
slope (%/100uA)  0.6941±3.911 − 

 / ndf 2χ  1.677 / 5

y-int     0.004207±     1 

slope (%/100uA)  0.8239±4.295 − 

 / ndf 2χ  4.053 / 5
y-int     0.003706±     1 
slope (%/100uA)  0.7365±4 −    

 / ndf 2χ  3.307 / 5
y-int     0.003492±     1 
slope (%/100uA)  0.6941±3.911 − 
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Scaler Yield
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 / ndf 2χ  0.1013 / 1
y-int     0.01438±     1 
slope (%/100uA)  3.136±1.177 − 

 / ndf 2χ  0.1013 / 1
y-int     0.01438±     1 
slope (%/100uA)  3.136±1.177 − 

C12 HMS Boiling

 / ndf 2χ  0.3791 / 1
y-int     0.01259±     1 
slope (%/100uA)  2.747±1.003 − 

 / ndf 2χ  0.3791 / 1
y-int     0.01259±     1 
slope (%/100uA)  2.747±1.003 − 

 / ndf 2χ  0.1092 / 1
y-int     0.01174±     1 
slope (%/100uA)  2.553±1.908 − 

 / ndf 2χ  0.1092 / 1
y-int     0.01174±     1 
slope (%/100uA)  2.553±1.908 − 

 / ndf 2χ  0.1013 / 1
y-int     0.01438±     1 
slope (%/100uA)  3.136±1.177 − 

 / ndf 2χ  0.3791 / 1
y-int     0.01259±     1 
slope (%/100uA)  2.747±1.003 − 

 / ndf 2χ  0.1092 / 1
y-int     0.01174±     1 
slope (%/100uA)  2.553±1.908 − 

Tracking Yield

Non-tracking Yield

Scaler Yield

July2021

Hydrogen 
3.84 +/- 0.73 %/100 uA

Deuterium 
4.30 +/- 0.82 %/100 uA

Carbon 
-1.2 +/- 3.1 %/100 uA

T=22.4 K

• Recently learned that the PID on LD2 was changed during the 
run.


• Deuterium boiling study taken at 22.4 K


• Use Dave Mack’s boiling result from Fall 2018 (same fan speed 
and temperature)   2.84 +/- 0.32 % / 100 uA


• Additional density correction applied to 22.4 K data (0.6%)
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Target Density

Uncertainty

F2 Cross Section Extraction

• 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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Monte Carlo (MC) Ratio Method

F2 Cross Section Extraction

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


• Events are weighted after using radiated model


• Charge Symmetric Background added to MC 
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F2 Cross Section Extraction
Radiative Corrections

• Cross section model is radiated using “rc_externals”.  
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Cross Section Extraction (MC Ratio Method)
F2 Cross Section Extraction



F2 Update for Winter Hall C Collaboration Meeting                                                  February 17th, 202213

Data vs MC

F2 Cross Section Extraction
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F2 Cross Section Extraction
Focal Plane Comparisons: Data Vs Monte Carlo
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F2 Cross Section Extraction
Focal Plane Comparisons: Data Vs Monte Carlo
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F2 Cross Section Extraction
Radiative Corrections for dummy subtraction
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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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F2 Results
HMS and SHMS 
@ 21 degrees

CJ15

KP Hybrid

AKP17
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F2 Results
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F2 Results

CJ Impact Study

Courtesy of Alberto Accardi and Shujie Li
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CJ15 Impact Study
F2 Results

Courtesy of Alberto Accardi and Shujie Li
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CJ15 Impact Study
F2 Results

Courtesy of Alberto Accardi and Shujie Li
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JAM Impact Study
F2 Results

Courtesy of Chris Cocuzza, 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
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JAM Impact JAM Prediction NOT constrained by new data

• Similar efforts are 
underway to see the 
impact the data will 
have on the JAM fits


• Working with CJ and 
JAM to understand the 
data’s impact on d, u, as 
well as nuclear effects
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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)
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(Contact)

• F2/EMC 

Acknowledgments
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Back-Ups
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arXiv:2104.06946
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F2 Cross Section Extraction
Hydrogen 

3.84 +/- 0.73 %/100 uA
Deuterium 

4.30 +/- 0.82 %/100 uA
Carbon 

-1.2 +/- 3.1 %/100 uA

T=22.4 K

• Recently learned that the PID on LD2 was changed during the 
run.


• Deuterium boiling study taken at 22.4 K


• Use Dave Mack’s boiling result from Fall 2018 (same fan speed 
and temperature)   2.84 +/- 0.32 % / 100 uA


• Additional density correction applied to 22.4 K data (0.6%)
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 / ndf 2χ  2.677 / 6
y-int     0.005491±     1 
slope (%/100uA)  1.464±4.065 − 

 / ndf 2χ  2.677 / 6
y-int     0.005491±     1 
slope (%/100uA)  1.464±4.065 − 

LH2 SHMS Boiling

 / ndf 2χ  0.8617 / 6
y-int     0.004216±     1 
slope (%/100uA)  1.273±2.319 − 

 / ndf 2χ  0.8617 / 6
y-int     0.004216±     1 
slope (%/100uA)  1.273±2.319 − 

 / ndf 2χ  1.341 / 6
y-int     0.003758±     1 
slope (%/100uA)    1.2±2.3 −  

 / ndf 2χ  1.341 / 6
y-int     0.003758±     1 
slope (%/100uA)    1.2±2.3 −  

 / ndf 2χ  2.677 / 6
y-int     0.005491±     1 
slope (%/100uA)  1.464±4.065 − 

 / ndf 2χ  0.8617 / 6
y-int     0.004216±     1 
slope (%/100uA)  1.273±2.319 − 

 / ndf 2χ  1.341 / 6
y-int     0.003758±     1 
slope (%/100uA)    1.2±2.3 −  

Tracking Yield

Non-tracking Yield

Scaler Yield

10 20 30 40 50 60 70 80
BCM4B Current (uA)

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

N
or

m
al

iz
ed

 Q
N

Y

 / ndf 2χ  2.152 / 5
y-int     0.005922±     1 
slope (%/100uA)  1.733±2.575 − 

 / ndf 2χ  2.152 / 5
y-int     0.005922±     1 
slope (%/100uA)  1.733±2.575 − 

LD2 SHMS Boiling

 / ndf 2χ  0.4267 / 5
y-int     0.00466±     1 
slope (%/100uA)  1.547±1.542 − 

 / ndf 2χ  0.4267 / 5
y-int     0.00466±     1 
slope (%/100uA)  1.547±1.542 − 

 / ndf 2χ  0.7861 / 5
y-int     0.004146±     1 
slope (%/100uA)  1.471±1.1 −  

 / ndf 2χ  0.7861 / 5
y-int     0.004146±     1 
slope (%/100uA)  1.471±1.1 −  

 / ndf 2χ  2.152 / 5
y-int     0.005922±     1 
slope (%/100uA)  1.733±2.575 − 

 / ndf 2χ  0.4267 / 5
y-int     0.00466±     1 
slope (%/100uA)  1.547±1.542 − 

 / ndf 2χ  0.7861 / 5
y-int     0.004146±     1 
slope (%/100uA)  1.471±1.1 −  
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Non-tracking Yield

Scaler Yield
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 / ndf 2χ  0.1508 / 1
y-int     0.01597±     1 
slope (%/100uA)  3.495±2.017 − 

 / ndf 2χ  0.1508 / 1
y-int     0.01597±     1 
slope (%/100uA)  3.495±2.017 − 

C12 SHMS Boiling

 / ndf 2χ  0.2016 / 1

y-int     0.01182±     1 

slope (%/100uA)  2.592±0.6307 − 

 / ndf 2χ  0.2016 / 1

y-int     0.01182±     1 

slope (%/100uA)  2.592±0.6307 − 

 / ndf 2χ  0.6875 / 1
y-int     0.01026±     1 
slope (%/100uA)  2.248±  1.45 

 / ndf 2χ  0.6875 / 1
y-int     0.01026±     1 
slope (%/100uA)  2.248±  1.45 

 / ndf 2χ  0.1508 / 1
y-int     0.01597±     1 
slope (%/100uA)  3.495±2.017 − 

 / ndf 2χ  0.2016 / 1

y-int     0.01182±     1 

slope (%/100uA)  2.592±0.6307 − 

 / ndf 2χ  0.6875 / 1
y-int     0.01026±     1 
slope (%/100uA)  2.248±  1.45 

Tracking Yield

Non-tracking Yield

Scaler Yield
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 / ndf 2χ  5.928 / 7
y-int     0.003748±     1 
slope (%/100uA)  0.7311±3.84 − 

 / ndf 2χ  5.928 / 7
y-int     0.003748±     1 
slope (%/100uA)  0.7311±3.84 − 

LH2 HMS Boiling

 / ndf 2χ  5.189 / 7

y-int     0.003287±     1 

slope (%/100uA)  0.6492±3.732 − 

 / ndf 2χ  5.189 / 7

y-int     0.003287±     1 

slope (%/100uA)  0.6492±3.732 − 

 / ndf 2χ  3.892 / 7
y-int     0.003191±     1 
slope (%/100uA)  0.626±3.403 − 

 / ndf 2χ  3.892 / 7
y-int     0.003191±     1 
slope (%/100uA)  0.626±3.403 − 

 / ndf 2χ  5.928 / 7
y-int     0.003748±     1 
slope (%/100uA)  0.7311±3.84 − 

 / ndf 2χ  5.189 / 7

y-int     0.003287±     1 

slope (%/100uA)  0.6492±3.732 − 

 / ndf 2χ  3.892 / 7
y-int     0.003191±     1 
slope (%/100uA)  0.626±3.403 − 
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 / ndf 2χ  1.677 / 5

y-int     0.004207±     1 

slope (%/100uA)  0.8239±4.295 − 

 / ndf 2χ  1.677 / 5

y-int     0.004207±     1 

slope (%/100uA)  0.8239±4.295 − 

LD2 HMS Boiling

 / ndf 2χ  4.053 / 5
y-int     0.003706±     1 
slope (%/100uA)  0.7365±4 −    

 / ndf 2χ  4.053 / 5
y-int     0.003706±     1 
slope (%/100uA)  0.7365±4 −    

 / ndf 2χ  3.307 / 5
y-int     0.003492±     1 
slope (%/100uA)  0.6941±3.911 − 

 / ndf 2χ  3.307 / 5
y-int     0.003492±     1 
slope (%/100uA)  0.6941±3.911 − 

 / ndf 2χ  1.677 / 5

y-int     0.004207±     1 

slope (%/100uA)  0.8239±4.295 − 

 / ndf 2χ  4.053 / 5
y-int     0.003706±     1 
slope (%/100uA)  0.7365±4 −    

 / ndf 2χ  3.307 / 5
y-int     0.003492±     1 
slope (%/100uA)  0.6941±3.911 − 
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 / ndf 2χ  0.1013 / 1
y-int     0.01438±     1 
slope (%/100uA)  3.136±1.177 − 

 / ndf 2χ  0.1013 / 1
y-int     0.01438±     1 
slope (%/100uA)  3.136±1.177 − 

C12 HMS Boiling

 / ndf 2χ  0.3791 / 1
y-int     0.01259±     1 
slope (%/100uA)  2.747±1.003 − 

 / ndf 2χ  0.3791 / 1
y-int     0.01259±     1 
slope (%/100uA)  2.747±1.003 − 

 / ndf 2χ  0.1092 / 1
y-int     0.01174±     1 
slope (%/100uA)  2.553±1.908 − 

 / ndf 2χ  0.1092 / 1
y-int     0.01174±     1 
slope (%/100uA)  2.553±1.908 − 

 / ndf 2χ  0.1013 / 1
y-int     0.01438±     1 
slope (%/100uA)  3.136±1.177 − 

 / ndf 2χ  0.3791 / 1
y-int     0.01259±     1 
slope (%/100uA)  2.747±1.003 − 

 / ndf 2χ  0.1092 / 1
y-int     0.01174±     1 
slope (%/100uA)  2.553±1.908 − 
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