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Inclusive Deep Inelastic Scattering (DIS)

Q2 = −q2 = 4EE ′sin2(
θ

2
)

ν = E − E ′

x =
Q2

2Mν
(Bjorken x)

W 2 = (q + p)2 = M2 + Q2(
1

x
− 1)

Inclusive: only the scattered electron are detected;
DIS: the scattering at large W 2 and large momentum transfer
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Cross Section and Structure functions

The cross section for inelastic electron-nucleon scattering is:

dσ

dΩdE ′
=

4α2(E ′)2

Q4
cos2(

θ

2
)[
F2(ν,Q2)

ν
+

2F1(ν,Q2)

M
tan2(

θ

2
)]

F1 =
F2(1 + Q2/ν2)

2x(1 + R)
→ σ ∝ F2σ ∝ F2σ ∝ F2

The measurements of R = σL/σT show almost no A dependence at
high Q2 and it’s closed to 0.

Quark-Parton Model: the nucleon structure function is related to
quark probability distributions qi (x), (i = u, u, d , d , etc .)

F2(x) = x
∑
i

e2i qi (x)
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F n
2 /F

p
2 and d/u

Quark-parton Model:

F p
2 (x) = x [(

2

3
)2(up + up) + (−1

3
)2(dp + d

p
) + (−1

3
)2(sp + sp)]

F n
2 (x) = x [(

2

3
)2(un + un) + (−1

3
)2(dn + d

n
) + (−1

3
)2(sp + sp)]

Assume isospin symmetry:

up(x) = dn(x) ≡ u(x) un(x) = dp(x) ≡ d(x)

And neglect the sea quarks distributions:

F n
2

F p
2

=
1 + 4d/ud/ud/u

4 + d/ud/ud/u

F n
2 /F

p
2 is one of the best methods to determine the d/u ratio.
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PDFs and high energy physics

The parton distribution functions (PDFs) in the valence region is the
key to hadron physics;

PDFs uncertainties limit the precision of high energy collider physics

A. Accardi et al. EPJC76, 471 (2016)

The predictions of Higgs cross section at NNLO in QCD depend largely (as large as
13%) on PDF paramterizations and running coupling.
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Neutron structure function

F p
2 is measured up to 0.85 by electron/muon

scattering on Hydrogen target;

Since there is no free neutron target, inclusive
DIS on deuteron is used to extract F n

2 for
decades

However, the nuclear corrections inside
deuteron are model dependent.

← F n
2 /F

p
2 extracted from SLAC d/p DIS data using

different nuclear corrections

F d
2 /F

N
2 computed from the CJ15 PDFs

Impact on d/u from
CJ15 of removing the
deuterium nuclear
corrections
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MARATHON

Perform inclusive DIS on mirror nuclei 3H, 3He

F
3H
2

F
3He
2

=
σ(3H)

σ(3He)

3H and 3He EMC type ratios:

R(3He) =
F

3He
2

2F p
2 + F n

2

R(3H) =
F

3H
2

F p
2 + 2F n

2

define the ”super-ratio” of EMC ratios in 3H and 3He:

R =
R(3He)

R(3H)

Free neutron to proton structure functions:

F n
2

F p
2

=
2R− F

3He
2 /F

3H
2

2F
3He
2 /F

3H
2 −R
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Super-ratio R

3H and 3He are mirror nuclei. The nuclear corrections should be similar.

R has been calculated in theory to deviate from 1 up to 2% by taking into
account all possible effects
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Ratio R=R32(3He)/R31(3H) computed with Q2=14*xBj and different assumptions on F2
p,n

Full model

No HT correction
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The ratio R=R32(3He)/R31(3H) computed with different models of 3He/3H spect. func.

SS spec. func.

Salme spec. func.

Super-ratio R calculated by S. Kulagin and R. Petti

The iterative procedure could eliminate the nucleon structure function
dependence in the F n

2 /F
p
2 extraction.
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JLAB CEBAF 12 GeV

Newport News, VA, US
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Hall A High Resolution Spectrometers (HRS)

HRS top view Detector package
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Targets

Tritium target

Low activity (∼ 1k Ci)

Sealed cell

40K gas

Beam current ≤ 22.5 uA
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MARATHON Kinematics

Experiment ran on January-April 2018;

Beam energy 10.6 GeV;

Average current ∼ 20 uA

Scattering angle: 17 ◦ - 36 ◦

Cover the Bjorken x range 0.19 < x < 0.83

Took DIS data on 3H, 3He, 2D, 1H
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Data Analysis Procedure
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σd/σp from MARATHON
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Deuteron EMC R(d)

The comparison between the deuteron EMC R(d) =
Fd
2

Fn
2 +F

p
2

from K&P model and the

BoNuS results
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F n
2 /F

p
2 extracted from σd/σp
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Super-ratio R

MARATHON 19 / 39



F n
2 /F

p
2 extracted from σ

3He/σ
3H

In order to match the values of F n
2 /F

p
2 from the two measurements in the vicinity of

x=0.3, F
3H
2 /F

3He
2 must be scaled down (normalized) by 2.7%.
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F n
2 /F

p
2 from MARATHON
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EMC effect
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3H EMC ratio
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3He EMC ratio
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Summary

The MARATHON d/p DIS measurements agree well with the seminal SLAC
Bodek et al. measurements and provide an excellent normalization for the 3H/3He
DIS data.

MARATHON has provided high quality F n
2 /F

p
2 data at medium and large x with

much less theoretical uncertainties than the original SLAC data from d/p DIS.

There may be no need to iterate our calculation, as the model used in the F n
2 /F

p
2

extraction agrees very well with the data!

Next to be done is the extraction of leading twist F n
2 /F

p
2 in order to determine the

d/u ratio.

MARATHON provides the first 3H EMC data and the new large-x and large-W 2

3He EMC data.

The isoscalar F
3H
2 /F d

2 and F
3He
2 /F d

2 EMC ratio shapes are ”similar”, as expected,
but with different ”EMC effect slopes”.
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R = σL/σT
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Isoscalar correction

In order to compare the structure function for an average nucleon, must
correct the ratio for the proton or neutron excess.(

σA

σd

)
iso

=

(
σA

σd

) 1
2(1 + F n

2 /F
p
2 )

1
A(Z + (A− Z )F n

2 /F
p
2 )
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