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Outline

• Deep Inelastic Scattering and the EMC effect

• MARATHON Experiment and A=3 mirror nuclei

• MARATHON EMC Results

• Summary and Outlook

More details found in
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D. Abrams et al., Phys. Rev. Lett. 135 (2025) 

https://journals.aps.org/prl/pdf/10.1103/31xz-s84d


Deep Inelastic Scattering
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Deep Inelastic Scattering
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Absorption cross section of longitudinal or transverse photons



Deep Inelastic Scattering
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Ratio of structure functions
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Expectation from Scaling and Nucleon Fermi Motion
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7J. J. Aubert et al., Phys. Lett. B 123, 275 (1983)

quark momentum distributions in 
nuclei are not simply the sum of free 
proton and neutron distributions

EMC Effect

https://www.sciencedirect.com/science/article/pii/0370269383904379?via%3Dihub


EMC Effect: Confirmation
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A. Bodek et al., Phys. Rev. Lett. 50, 1431 (1983

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.50.1431


EMC Effect
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A. Bodek et al., Phys. Rev. Lett. 50, 1431 (1983 J. Gomez et al., Phys. Rev. D49 (1994) J. Seely et al., Phys. Rev. Lett. 103, (2009)

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.50.1431
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.49.4348
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.103.202301


EMC Effect
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A. Bodek et al., Phys. Rev. Lett. 50, 1431 (1983 J. Gomez et al., Phys. Rev. D49 (1994) J. Seely et al., Phys. Rev. Lett. 103, (2009)

• x dependence
• No Q2 dependence
• Increases with A

• Confirmation

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.50.1431
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.49.4348
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.103.202301


EMC Effect: Models and Predictions
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A. Bodek et al., Phys. Rev. Lett. 50, 1431 (1983 J. Gomez et al., Phys. Rev. D49 (1994) J. Seely et al., Phys. Rev. Lett. 103, (2009)

1. Multiquark clusters
2. Dynamical Rescaling 

a.  𝑭𝟐
𝑨 𝒙, 𝑸𝟐 = 𝑭𝟐

𝑵 𝒙, 𝝃𝑨(𝑸𝟐) ∙ 𝑸𝟐

3. Off-shell correction
a.  𝜹𝒇(𝒙)

4. And many, many more…..

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.50.1431
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.49.4348
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.103.202301


EMC-SRC Correlation

O. Hen et al., Phys. Rev. C 85 (2012) 047301  
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N Fomin, et al. Phys. Rev. Lett (2012)

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.85.047301
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.108.092502


40+ Years: No Consensus 
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A. Accardi et al. Phys. Rev. D 84 (2011)
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MARATHON

1. Ratio of mirror nuclei provides a novel method of the 𝐹2
𝑛/𝐹2

𝑝 ratio at large x

2. Measurement of EMC of light nuclei (A=3) 

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.84.014008


The MARATHON Experiment

Data collection: Jan. - April 2018  
• LHRS and RHRS independently to detect e-

• Standard detector configurations

Hall A

3He

3H
2H
1H
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• Sealed target cells
• Cooled to 40 K

• 3H filled at Savannah River National Lab



MARATHON Analysis
3H Decay: 𝜏 = 4500 ± 8 days 

3H → 3He + 𝑒− + ҧ𝜈𝑒

Charge Normalized Yield

𝑌 =
𝑁𝑒𝐶

𝐿𝑇𝑄𝜌𝐿

𝐶orrections

• 3H Decay
• Density 

• Radiative

• Charge symmetric 

• Endcap

• Bin centering 16
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• 2.79 < Q2 < 11.9 (GeV/c2)2

• W > 1.84 GeV/c2

• Cherenkov Sum >1500 (2000)
• -0.08 < ztarg < 0.10 (kin0 – kin4)



EMC Effect of 3H and 3He
    Normalization

• Τ𝐹2
𝑛 𝐹2

𝑝 can be extracted from the ratios:  Τ𝜎ℎ 𝜎𝑑  , Τ𝜎𝑡 𝜎𝑑  and Τ𝜎𝑑 𝜎𝑝

• Around 𝑥 ≈ 0.31 nuclear corrections expected to be minimal

• Τ𝐹2
𝑛 𝐹2

𝑝 should be mutually consistent

A comparison among these extractions found:
3H & 3He EMC ratios needed to be normalized to be consistent with Τ𝜎𝑑 𝜎𝑝 extraction

                         Τ𝜎𝑡 𝜎𝑑                                                                Τ𝜎ℎ 𝜎𝑑
 Normalization factor: 0.996 ± 0.005                  Normalization factor: 1.021 ± 0.005 

1. Data
2. Model Input

Τ𝐹2
𝑛 𝐹2

𝑝
=

2Rℎ𝑑 Τ𝜎𝑑 𝜎ℎ − 1

1 − Rℎ𝑑 Τ𝜎𝑑 𝜎ℎ
=

2R𝑡𝑑 Τ𝜎𝑑 𝜎𝑡 − 1

1 − R𝑡𝑑 Τ𝜎𝑑 𝜎𝑡
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K-P Model
• Data-driven
• Describes very well all available 

DIS nucleon and nuclear world 
data



Normalized A=3 EMC Ratios
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Isoscalar Correction: Neutron & Proton Excess

2H
2H
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Isoscalar Correction: Neutron & Proton Excess

𝐹𝑖𝑠𝑜 =
𝐴 1 + Τ𝜎𝑛 𝜎𝑝

2 𝑍 + 𝐴 − 𝑍 Τ𝜎𝑛 𝜎𝑝

2H
2H

D. Abrams et al., Phys. Rev. Lett. 128 (2022) 21

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.132003


Systematic Uncertainties for EMC Ratios
• Target density due beam-heating: (0.1-0.5)%
• Radiative corrections: (0.25-0.45)%
• Acceptance: 0.2%

Normalized A=3 EMC Ratios

22

First measurement
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Normalized A=3 EMC Ratios
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World data after applying Marathon’s 
Isoscalar correction to existing 3He data  



Summary and Outlook
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• The MARATHON reported the measurement of the EMC effect of the A=3 mirror nuclei
• D. Abrams et al., Phys. Rev. Lett. 135 (2025) 
• First measurement of the EMC effect of 3H

• A=3 data will provide 
• Unique input for QCD studies of the nucleons 
• Partonic structure of the few-body nuclear systems in the valence quark region

• The Hall A tritium program has proven to be a great success
• More than 10 PhDs
• PRL and Nature publications
• A lot of interesting physics!

• Renewed interest in tritium 
• E12-20-05: Approved tritium experiment in Hall B 

https://journals.aps.org/prl/pdf/10.1103/31xz-s84d
https://journals.aps.org/prl/pdf/10.1103/31xz-s84d
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