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• Deuteron to proton F2  ratio 
provides access to d/u at 
large x


• Three complimentary 12 GeV 
experiments, MARATHON in 
Hall A, BONuS12 in Hall B, 
and F2 in Hall C


Existing F2d/F2p Data 
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The F2 experiment in Hall C

• JLab12 GeV Commissioning Experiment in Hall C

• Data taken in Spring 2018

• Single Arm (Inclusive) measurement

• Scattered e- detected in spectrometers

• Hydrogen and Deuterium Liquid Targets
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Cross Section Extraction: Data Yields
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Energy Deposit in Calorimeter/Track Momentum
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• E/p > 0.7


• NPE > 2.0

Cross Section Extraction: Particle identification
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Cross Section Extraction: Pion Contamination
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Target Density Correction

• Luminosity Runs were used to 
determine the density 
correction 


• Experiment ran at an average 
beam current of 50 uA


• Target density uncertainty in D/
H ratio ~1.1%
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Cross Section Extraction: Monte Carlo Ratio Method
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Data vs MC

Cross Section Extraction: Monte Carlo Ratio Method

YTarget (cm) 𝜃 [mr] (in plane) 

ɸ [mr] (out of plane) Delta [%] (p-pcentral/pcentral)W2 [GeV2 ]
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Cross Section Extraction: Error Budget
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• In the ratio, F2D/F2p, many of the 
systematic errors are reduced


• Target density error: 1.1%

• Livetime errors approach 1% at 

the highest rate kinematics

• “Kinematic” error includes 

contributions from the 𝛅Escat.’, 
𝛅Ebeam, and 𝛅θcentral
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Results 
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• Excellent agreement 
between SHMS and HMS


• Vast improvement in 
statisical precision from 
SLAC data


• “F1F221” model does not 
include this work
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θC = 21∘
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Results
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Approved future 

experiment



Results
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θC = 25∘

θC = 39∘θC = 33∘

θC = 29∘
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CJ Impact Studies
• Impact studies from the CJ collaboration 

demonstrate the constraining power of this data 
on PDF fits


• Shifted central value of PDF at large x


• Reduction in uncertainty
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Figure courtesy of Shujie Li
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CJ Impact Studies:
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θC = 21∘

• There exists a 4.3% discrepancy 
between MARATHON and F2 results


• The JAM collaboration found they 
needed to shift the MARATHON result 
up 1.9%


• The CJ collaboration found they need to 
shift the F2 result down 2.1%


• This shift in the F2 data is consistent 
with the normalization of 2% applied to 
the EMC data which ran in  parallel with 
this work

MARATHON vs F2 results
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Summary/Outlook wmhenry@jlab.org

July 15th, 2024

Precision Measurements of the Deuterium to Hydrogen 
Structure Function Ratios

William Henry

• Deuteron to proton ratios complete

• Dataset is available for inclusion 

in PDF fits, models, etc

• 2nd draft of PRL publication to be 

submitted this month


• Future work


•   ratios from HMS.  
Analysis ongoing


• Absolute deuteron and proton 
cross section. 


• Quark-Hadron duality 
Averaging


• Compute non single 
moments


• Improve resonance/DIS 
modeling

θC = 59∘

JLab Staff

mailto:wmhenry@jlab.org


Impact Studies
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Courtesy of Chris Cocuzza, W. Melnitchouk, and N. Gonzalez
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