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Overview
World unpolarized DIS proton and deuterium datasets with 
new data from Jefferson Lab 6 GeV experiments

+

nuclear corrections from CJ15 [1] global QCD analysis

=

F2 neutron “Data” 
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Why neutron?

● Neutron excess correction 
○ EMC effect
○ Neutrino experiment

● Flavor separation 
○ d/u
○ Nucleon structure / confinement at large x 

● Sum rules and moments
○ Gottfried Sum Rule (d_bar - u_bar)
○ Compare non-singlets to lattice ( ∫ F2

p - F2
n dx )

● Scaling at small x with future EIC/LHeC
○ Reggie, BFKL, saturation,...
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The CJ DIS 
Database 

The full database will come to public soon …

SLAC (Whitlow, E140, E140x)

JLab (JLCEE96, E06-009, 
E94-110, E03-103, E99-118, 
E00-116, CLAS6, BoNus) 

● 2000+ new data points

NMC, BCDMS, HERMES, 
HERA, E665 …

Revisited correlated 
systematics for NMC, SLAC, 
etc 
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F2 p kinematics

6



F2 d kinematics
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Data Selection

1. Pass DIS cuts: 
a. Q2 > 1.691 GeV2/c2

b. W2 > 3.5 GeV2 

2. Within each experiment,  we 
match the proton and deuteron 
data points by requiring: 
a. same beam energy,
b. |xproton   -  xdeuteron   |< 

0.01, 
c. |Q2

proton - Q
2

deuteron |< 1%. 

Experiments # of Proton F2 
Data Points

# of Deuteron F2 
Data Points

# of Constructed 
Neutron Points

SLAC-Whitlow[2] 564 582 470

BCDMS 351 [3] 254 [4] 254

HERMES [5] 45 45 45

JLab E-00-116 [6] 136 136 120

NMC [7] 275 275 258

SLAC-E140x [8] 9 13 9

JLab E-03-103 [9] 37 69 37

JLab CLAS6 609 [10] 1723 [11] 0

JLab E-94-110 [12] 112 0 0

JLab E-06-009 [13] 0 79 0

JLab E-99-118 [14] 2 2 2
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F2 Neutron Extraction

we use CJ15 to remove nuclear effects in F2 deuteron data. The free nucleon (proton + 
neutron) F2

(p+n)data = ddata * (p+n)cj/ dcj

Then The F2 neutron are constructed as:

ndata = (p+n)*
data - p

*
data = d*

data* (p+n)cj/dcj - p
*
data 

Where d*
data is the original F2 data being shifted within their correlated and 

normalization uncertainties ( decided by CJ15 fit) so that it’s cross-normalized and 
ready for use. 
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Preliminary
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Preliminary
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Uncertainties
●

○
○

●

■
■
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F2 Neutron Results!

Preliminary
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F2 Neutron Results!

Preliminary
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F2 n/p from Data 
n/p = (d/p )data - (d/(n+p))CJ

n/p = 1/{1/[(n/d )data (d/(n+p))CJ] - 1}

Leverages precisions d/p data (NMC, HERMES, SLAC) and spectator tagged n/d (BoNuS)

Preliminary
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Preliminary
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F2 n/p Models 

Fig 10 from S. I. 
Alekhin, S. A. Kulagin, 
and R. Petti

Phys. Rev. D 96, 
054005(2017)

18n/p also available from CT14, etc ... 
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21n/p also available from CT14, AKP, etc ... 


