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From EMC to Ff and off-shell nature

Free neutron structure

Nuclear EMC
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Bound nucleons are... well, complicated
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“Bound” = “Quasi-Free” “Modified SRC nucleons”
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“Bound” = “Quasi-Free” “Modified SRC nucleons”
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EMC-SRC hypothesis proposes
universal behavior
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EMC-SRC hypothesis proposes
universal behavior

F3 = ZF) + NF} + noc (AF + AFY)

——)

Nucleus-independent

If we want to extract modification,
we have to deal with Fg‘



EMC-SRC hypothesis proposes
universal behavior

A n A n
F3 = ZF) + NF} + noc (AF + AFY)
d _ n d n
F{ = F{ + F5 + nde (AFD + AFY)
Fj = (Z = N)FJ + NF{ + (nfyc = Nnie o) (AFL + AF3 )

: Treat all bound nucleon structure consistently with all
:nuclear DIS and QE data



Extracting universal behavior in nuclel
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Extracting universal behavior in nuclel
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Extracting universal behavior in nuclel
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Extracting universal behavior in nuclel
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Data suggests universal behavior
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—xtract universal function using Bayesian inference
via Hamiltonian Markov Chain Monte Carlo

Consistent, simultaneous global extraction of model
parameters sampled from joint-posterior distribution
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Universal function of nuclel
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Reproduce the data remarkably well

o EMC-SRC
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Reproduce the data remarkably well

1.25

1.20 -

1.15 1

1.10 -

1.05

0.95 A

0.90

0.85 A

D Seely Low W Data

Nuclear-DIS
SLAC /0.998
Seely /1.007

04He/4
Gd/z

1.00>-+—%—+-$4+¢ —————————————————————————— P 1----

0.2

03 04 05 06 07 08 09

1.0

1.1

0.9 +

0.8 1

¢ SLAC/0.998
1.2 - ¢ Barak/0.993

Nuclear-DIS

1_0% SR .

E.P. Segarra et al. Phys. Rev. Lett. 124, 092002 (2020)

1.0

18

Nuclear-DIS
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\What about neutron structure Fg?
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Past approaches to get £

d ~ P
FZNF2+F5’

How to treat deuterium to get out neutron?

Smearing, off-shell, etc..
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Past approaches to get £

d ~ P
FZNF2+F5’
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Large-x informs fundamental symmetry breaking
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EMC-SRC hypothesis proposes
universal behavior

A n A n
F3 = ZF) + NF + noc ( AF + AFY)
d _ n d n
Fi = F{ + F§ + ne (AFL + AF3)
Fj = (Z = N)F} + NF{ + (nfyc = Nnie o) (AF? + AF3 )

Treat all bound nucleon structure consistently with all
-nuclear DIS and QE data



—xtracting free neutron structure

F_g 1 — fum’v

F?  FIFY

N
0.7-
«—SU(6
\\ BONuUS ()
0.6 - \\ Data
Fg Nuclear-DIS
—5 CT1l4 \ [this work]
F3 0.5- N
| . pQCD,
0.4 1 CJ DSE
0.3- AN
< Scalar
Diquark
0.2 , l ,
0.2 0.4 0.6 0.8 1.0

XB
E.P. Segarra et al. Phys. Rev. Lett. 124, 092002 (2020) 24



Another way to access F; from A=3 nuclei

(MARATHON Experiment, Hall A Jefferson Lab )
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Super-ratio theoretical input

1.02

1.01 1

0.99 1

0.98 1

0.97

Nuclear-DIS
[this work]

E.P. Segarra et al. Phys. Rev. Lett. 124, 092002 (2020)

20

(Model uncertainty for others not shown)



EMC Prediction for A=3
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How sensitive is result to theory model?

"  PHeyp2H USe our model
Q 2K — Iy 1h, prediction

F?  2FHe|F3H — R

| -
S o f e
oredictions 2F5 + F% 1

E.P. Segarra et al. Phys. Rev. Lett. 124, 092002 (2020) 28



Extraction of Ff/Fé’ sensitive to theory at high-x
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Another approach to disentangle F;’ and off-shellness

SRC-EMC hypothesis:
F3 = ZF! + NF3 + ngg <AF§ + AF;)

——’

this Includes nucleon
motion and off-shell
modification all in one
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Another approach to disentangle F;’ and off-shellness

SRC-EMC hypothesis:

F3 = ZF! + NF3 + ngg <AF§ + AF;)

Convolution approach:
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With light nuclei, we have calculable p, ,(a, v)

Calculate F and compare with data to extract F; and /%

Convolution approach:
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Deuterium, He-3 alone not very sensitive to Fg‘
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(MARATHON data will help nail this down)



Wide range of off-shell functions can describe data
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As Wang et al. mentioned, MF dominates full Fg
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As Wang et al. mentioned, MF dominates full Fg
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As Wang et al. mentioned, MF dominates full Fg

This combines motion (big) and off-shell (small)

Low-momenta states dominate motion but not off-shell effect

Our work:
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Offshell contri
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Upcoming MARATHON and BAND data will close the loop

Free neutron structure

(BAND - See talk by Tyler Kutz)

Nuclear EMC
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Thank you!
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SU(6) proton wave-function
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Scalar di-quark dominance

(Mass splitting of spectator di-quark spin states)
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pQCD

(exchange of longitudinal gluons vs transverse gluons)
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