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Effect driven by nuclear structure & dynamics



1. Proper treatment of ‘known’ nuclear effects
• Nuclear Binding and Fermi motion, Pions, Coulomb Field.
• No modification of bound nucleon structure.

2. Bound Nucleons are ‘larger’ than free nucleons. 
• Larger confinement volume => slower quarks.
• Static, mean-field effect.

3. Short-Range Correlations
• Beyond the mean-field.
• Dynamical.

38 years, >1000 papers, 3 Ideas
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SRC Universality!



SRCs can affect our extraction of free 
neutron structure.
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FIG. 3. Ratio of o↵-shell to on-shell PDFs �q/q (left) and
the di↵erence between proton valence quarks in 3He and 3H
normalized to the sum, �q

3
(right), for valence u (red bands)

and d (blue bands) quarks, at Q2 = 10 GeV2.

o↵-shell e↵ects are set equal, in our analysis we allow
flavor dependence of the e↵ects to be determined from
the global fit. Indeed, we find that while the �u/u ratio
is consistent with zero, for the d quark the �d/d ratio is
strongly enhanced at large values of x.

An even more direct way of quantifying this e↵ect is
to compare the PDFs in the proton bound in 3He and in
3H, defining the quantity

�q
3 ⌘

qp/3H � qp/3He

qp/3H + qp/3He
, (11)

which measures the strength of the isovector EMC e↵ect
for q = u and d quarks. Since 3He and 3H are mirror nu-
clei, the ratio �q

3 would vanish if the nuclear corrections
were purely isoscalar. Instead, the behavior in Fig. 3 in-
dicates clear deviations from zero at x & 0.4 in �u

3 and
even more so in�d

3. The fact that the�
q
3 are nonzero and

of opposite sign for u and d quarks strongly suggests the
presence of an isovector component to the EMC e↵ect.

Outlook — Our findings are the first indication
of an isovector e↵ect in nuclear structure func-
tions, and demonstrate the power of combining the
MARATHON 3He/3H data with a global QCD analysis
to provide unique information on PDFs at large x and
simultaneously on nuclear e↵ects in A = 2 and A = 3
nuclei. Additional information on the nuclear EMC ef-
fects in 3He and 3H separately will come from 3He/D
and 3H/D ratios measured by MARATHON, which are ex-
pected to be analyzed in the near future.

Beyond this, constraints on neutron structure, and the
d/u PDF ratio at large x, will come from the BONuS ex-
periment at Je↵erson Lab, which tags spectator protons
in semi-inclusive DIS from the deuteron. Future data on
DIS from asymmetric nuclei may also provide further in-
formation on the isospin dependence of nuclear e↵ects on
structure functions.
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Our … analysis [including MARATHON 
data] reveals the first indication for 
an isovector nuclear EMC effect in 
light nuclei. 

SRCs can affect our extraction of free 
neutron structure.
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Interest in the EMC Effect and on the 
SRC-EMC hypothesis is very large

Subset of recent theory/phenom, 2019 – present:
• E. P. Segarra et al., arXiv:2104.07130 (2021)
• C. Cocuzza et al., arXiv:2104.06946 (2021)
• J. Rittenhouse-West, arXiv:2009.06968  (2021)
• E. P. Segarra et al., PRR 3 (2021)
• H. Szumila-Vance et al., PRC 103 (2021)
• W. Detmold et al., PRL 126 (2020)
• X. G. Wang et al., PRL 125 (2020)
• S. Fucini et al., PRD 101 (2020)
• E. P. Segarra et al., PRL 124 (2020)
• J. E. Lynn et al., JPG 47 (2020)
• J. Arrington, N. Fomin, PRL 123 (2019)
• I.C. Cloët et al., JPG 46 (2019)
• B. Schmookler et al., Nature 566 (2019)
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Spectator-tagged deep 
inelastic scattering:

SHMS

HMS

LAD 𝑑 𝑒, 𝑒"𝑝#• Bound neutron structure 
modification

• LAD will detect spectator 
protons 200 – 700 MeV/c

• Approved by PAC 38, for 40 
days

• Passed ERR in 2020
• Passed Jeopardy in 2021
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Spectator-tagged deep 
inelastic scattering:
• Bound neutron structure 

modification
• LAD will detect spectator 

protons 200 – 700 MeV/c
• Approved by PAC 38, for 40 

days
• Passed ERR in 2020
• Passed Jeopardy in 2021 0.4
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LAD will cover kinematics where FSI 
are small and where FSI are large.
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A. V. Klimenko et al., PRC 73, 035212 (2006)

Data = PWIA Large FSI

𝜃$# > 110˚ 𝜃$# ≈ 90˚



LAD will cover kinematics where FSI 
are small and where FSI are large.
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Theory support for LAD is strong.
• New calculations of FSI in tagged DIS
• W. Cosyn, M. Sargsian, “Nuclear final-state interactions in deep 

inelastic scattering off the lightest nuclei,” Int.J.Mod.Phys.E 26, 
1730004 (2017)

• M. Strikman, C. Weiss, “Electron-deuteron deep-inelastic 
scattering with spectator nucleon tagging and final-state 
interactions at intermediate x,” Phys. Rev. C 97 035209 (2018)

• JLAB LDRD: “Spectator Tagging Project”

• 3rd workshop on quantitative challenges in EMC and SRC 
Research
• https://indico.jlab.org/event/428/overview
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https://indico.jlab.org/event/428/overview


Tagged DIS is become an important 
technique, and will be a major part of 
the EIC

At JLab:
• Bonus
• ALERT
• TDIS @ SBS
• BAND

EIC:
• Friscic and Naguyen et al., PLB (2021)
• Z. Tu et al., PLB (2020)
• Cosyn and Weiss, PLB (2019)
• Strikman and Weiss, PRC (2018)
• … 4

Friscic and Naguyen et al., PLB (2021)

3He 𝑒, 𝑒!𝑝𝑝 𝑛 @ EIC

Low-momentum 
recoils



A new generation of young 
people is enthusiastic about LAD.
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