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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
D. Abrams et al., Phys. Rev. Lett. 135 (2025)
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Deep Inelastic Scattering
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Deep Inelastic Scattering
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Absorption cross section of longitudinal or transverse photons
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Deep Inelastic Scattering
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Expectation from Scaling and Nucleon Fermi Motion
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EMC Effect

A _ p . n quark momentum distributions in
AFZ — ZFZ + (A Z)Fn nuclei are not simply the sum of free
l proton and neutron distributions
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EMC Effect: Confirmation
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EMC Effect
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EMC Effect
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EMC Effect: Models and Predictions

1. Multiquark clusters
2. Dynamical Rescaling

a. F3(x Q%) =F3(x§4(Q% - Q%)
3. Off-shell correction

a. of(x)

4. And many, many more.....
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EMC-SRC Correlation
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40+ Years: No Consensus
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MARATHON

MeAsurement of the FJ'/F5, d/u RAtios and A=3 EMC Effect in Deep
Inelastic Electron Scattering Oftf the Tritium and Helium MirrOr Nuclei.
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1. Ratio of mirror nuclei provides a novel method of the F}'/Ef ratio at large x X
2. Measurement of EMC of light nuclei (A=3) A. Accardi et al, Phys. Rev. D 84 (2011)
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The MARATHON Experiment

Hall A

Data collection: Jan. - April 20

)

18 » Sealedtarget cells

« LHRS and RHRS independently to detect ¢ e Cooledto40K (.
- Standard detector configurations e 3Hfilled at Savannah River National Lab

Kn| E E Q2 0 T P

(GeV) | (GeV) | [(GeV/e)?] | (deg) :

0 10.59 3.1 2.79 16.90 | 0.19

1 10.59 3.1 3.06 17.58 | 0.22

2 10.59 3.1 3.61 19.12 | 0.26

3 10.59 3.1 4.19 20.58 | 0.29

4 10.59 3.1 4.76 21.93 | 0.34

5 10.59 3.1 5.31 23.21 | 0.38

7 10.59 3.1 6.47 25.59 | 0.46

9 10.59 3.1 7.56 27.77 | 0.54

11 10.59 3.1 8.71 29.92 | 0.62

13 10.59 3.1 9.84 31.73 | 0.70 15

15 10.59 3.1 10.96 33.56 | 0.78

16 10.59 29 11.83 36.12 | 0.82




MARATHON Analysis
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Charge Normalized Yield
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MARATHON Analysis

3H Decay: 7 = 4500 + 8 days
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EMC Effect of 3H and 3He

Normalization

* FJ'/F, can be extracted from the ratios: o;,/0, , 0,/04 and o, /0,
« Around x = 0.31 nuclear corrections expected to be minimal
» F}'/E} should be mutually consistent

FR/EP = 2Rpal0a/on) =1 _ 2Ria(04/0¢) — 1 T Deta
2 1-— th(O'd/O-h) 1— th(O'd/O't) 2. Modellnput
K-P Model

« Data-driven

» Describes very well all available
DIS nucleon and nuclear world
data

A comparison among these extractions found:
3H & 3He EMC ratios needed to be normalized to be consistent with ¢,/0,, extraction

0:/04 0n/0g
Normalization factor: 0.996 + 0.005 Normalization factor: 1.021 + 0.005 18




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




Isoscalar Correction: Neutron & Excess
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D. Abrams et al., Phys. Rev. Lett, 128 (2022) 01


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

Normalized A=3 EMC Ratios
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Systematic Uncertainties for EMC Ratios

« Target density due beam-heating: (0.1-0.5)%
« Radiative corrections: (0.25-0.45)%
« Acceptance: 0.2%

0.9
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Normalized A=3 EMC Ratios
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Summary and Outlook

PHYSICAL REVIEW LETTERS 13§, 062502 (2025)

Editors' Suggestion

EMC Effect of Tritium and Helium-3 from the JLab MARATHON Experiment

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
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