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Experiment Overview

• Targets: H, D, C, Cu, Ag

• Beam Energies: 4.4, 5.5, 6.6, 
7.7, 8.8, 11 GeV

• Equipment: Hall C SHMS and 
HMS

• Beam Time: 22 days

• Technique: Model 
independent Rosenbluth L/T 
separation 

• Goal: To precisely measure 
and study the nuclear 
dependence of:

－R = Τ𝜎𝐿
𝜎𝑇

－𝑅𝐴 − 𝑅𝐷
－𝑅𝐷 − 𝑅𝑃
－𝐹1, 𝐹2, 𝐹𝐿
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𝑑2𝜎

𝑑Ω𝑑𝐸′
= Γ𝜎𝑇(1 + 𝜀𝑅)



Experimental Overview
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• Aim: To determine the nuclear 

dependence and to precisely 

measure:

• R = Τ𝜎𝐿
𝜎𝑇

• 𝑅𝐴 − 𝑅𝐷
• 𝑅𝐷 − 𝑅𝑃
• 𝐹1, 𝐹2, 𝐹𝐿

𝐹1
𝐴

𝐹1
𝐷

You need to know R to 
accurately extract F2!



Motivation

• The impact of a non-zero ∆R for the 
antishadowing region on 𝐹1 and𝐹2

• Anti-shadowing disappears for 
𝐹1, remains for 𝐹2

• Is 𝐹𝐿 responsible for the 
antishadowing region? 

• ∆R = .04 and 30% base on NMC RSn-RC
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V.Guzey et al., PRC 86 045201 (2012)



Motivation

PAC51: NucR Jeopardy 6

• Our lack of knowledge of R results in uncertainties of structure functions 
• If one assumes a change in R of 0.08 (dashed line), F2 changes by 4%
• EMC effect is ~15%, this 4% can contribute ~30% uncertainty on this “well-known” effect
• R1990 and R1998 have together have 1,790 citations!! 

Shift R by 0.08 
(see previous 
slide)

Δ𝑅 = 0.08 Δ𝐹2 = 4%



Motivation
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𝜎𝑑

𝜎𝑝
=

𝐹2
𝑑

𝐹2
𝑝 𝑜𝑛𝑙𝑦 𝑖𝑓 𝑅𝑑= 𝑅𝑝

• R1990 assumes Rd=Rp

• The only published model 
independent measurements of Rd-Rp

in DIS at low to moderate Q2 are from 
E140x and E99-118

• Rd-Rp =-0.054 +/- 0.029                                       
(E99-118, PRL 98, 142301 (2007))

• Rd-Rp =-0.042 +/- 0.018                                       
(E99-002, PRC 97, 045204 (2018))

• A common assumption when 
extracting structure function from 
cross section ratios is 𝑅𝑑= 𝑅𝑝



New 6 GeV Results
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• New 6 GeV Hall C results 
which focused on 
resonance region

• Results implies RC-RD > 0 
(larger Q2 clearly not 
zero)

• Recall R is ~ (0.2 - 0.3) so   
∆R = 0.1 is BIG

• RC  - Rd > 0 which is 
opposite as was found in
previous experiments (see 
slide 4) 

𝑅𝐶𝑎𝑟𝑏𝑜𝑛 - 𝑅𝐷𝑒𝑢𝑡𝑒𝑟𝑜𝑛

Analysis by Sheren Alsalmi



Experience with SHMS in 12 GeV Era
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“EMC in Hall C” E14-10-002 “F2 in Hall C” E12-10-002 

• The commissioning experiments, F2 and EMC, provided experience using the 
new SHMS

• The E12-14-002 analysis will closely follow a similar analysis roadmap
• Point to point systematics are well understood
• Experiment is ready to run



Impact studies using nCTEQ
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gluon 

sensitivity vs.

nuclear A

Work done by: Fred Olness, Tomas Jezo, Aleksander Kusina & Karol Kovarik for nCTEQ



Impact studies using nCTEQ
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Provides key information on the gluon 

at intermediate x vs. nuclear A

ga0 and gb0

constrain

g(x) vs. A

Work done by: Fred Olness, Tomas Jezo, Aleksander Kusina & Karol Kovarik for nCTEQ



Impact studies using nCTEQ
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Provides key information on the gluon 

at intermediate x vs. nuclear A

NucR Coverage

https://arxiv.org/pdf/1212.1701.pdf

• Information on gluon PDFs at high-x, 
low Q2 provides insight into low-x, 
high Q2 EIC kinematics.

s=45 GeV



Workforce

• Since E12-14-002 approval, the spokespeople have undergone some 
changes. New Members

• Thesis students and shift takers will be provided by Univ. of Tennesse
and possibly King Saud’s Univ.

• Current collaboration has extensive experience in L/T separations, 
EMC experiments, precision measurements, Hall C, radiative 
corrections and target ratio type analysis  
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Spokespeople
Sheren Alsalmi (King Saud’s University)

Eric Christy (JLab)
Dave Gaskell (JLab)

Bill Henry (JLab)
Simona Malace (JLab)

Tyler Hague (LBNL)
Dien Nguyen (JLab/UTenn)
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• E12-14-002 will precisely measure and study the nuclear 
dependence of R, RA-Rd, Rd-Rp, FL, F1, and F2

• A nuclear dependence of R could shine new light on the origin 
of the anti-shadowing region and EMC effect

• Precision structure function from cross section measurements 
require precise (and non-existent)  measurements of R

• Measurements of FL can provide constraints on the gluon PDFs
• Successful commissioning of the SHMS, new results from the 

“F2” and “EMC”, and a team experienced in Hall C demonstrate 
the readiness of this experiment to run 

• Hall C is the only place that can achieve this kind of 
measurement using the precision focusing spectrometers
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Two Photon Exchange Effects
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Notes from Fred Olness
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