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Deep Inelastic Scattering

Cross Section — Nucleon structure functions F, and F,:
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Quark-Parton Model (QPM) interpretation in terms of quark probability
distributions gi(x) (large Q2 and v):

R (X) = %Zefqi (x) F, (0 =xYe’q, (%)
Bjorken x: fraction of nucleon momentum carried by struck quark:

x=Q%/2My



EMC Effect

Nuclear F, structure function per nucleon is different than that of
deuterium: large dependence on Bjorken x and mass A.

Quark distribution functions modified in the nuclear medium.

Possible explanations include:
Binding and off-shell effects beyond nucleon Fermi motion

Enhancement of pion field with increasing A
Influence of possible multi-quark clusters
Change in the quark confinement scale in nuclei
Local environment and density dependence
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No universally accepted theory for the effect explanation.

A=3 data are expected to be valuable for the full understanding of the EMC
effect. The EMC effect ratio of 3H and 3He is of particular importance!



The Jlab CEBAF Accelerator

CEBAF is a racetrack accelerator
that allows up to 5 passes (5.5 for
Hall D) at 2.12 GeV per pass.

JLab is home to four halls (A, B, C,
and D) that each house unique
setups to extend our
understanding of nuclear physics.

MARATHON took place in Hall A
using the standard High Resolution

Spectrometer setups during the
Spring of 2018.




Experimental Setup — Hall A High
Resolution Spectrometers
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MARATHON Target Ladder

Specially designed High Pressure
Gas Cells (in order from top to
bottom):

o Tritium (3H)

o Deuterium (2H)
o Hydrogen (H)

> Helium-3 (3He)

The Tritium cell was filled at the
Tritium Handling Facility at
Savannah River National
Laboratory




MARATHON Kinematics
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Electron Identification
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F,n/F.P Extraction

The nucleon structure function ratio can be extracted by defining a
“Super-Ratio” as the ratio of “EMC-Type” ratios:

FyHe F" R(3He)
R(3He) = R(CH) = =
CHe) 2FF + FJ E +F} R =zem

By assuming that the cross section ratio is equal to the structure
function ratio, we can solve the above equations for the nucleon

structure function ratio in terms of the 3He and 2H cross section ratio
and R*

F,He .
o(3He) FMe 7 / pon 2R
o(2H)  FH [ / i

FH

Using the measured 3He and ?H data and a theoretical model for R the
nucleon structure function ratio can be easily extracted.



Isoscalar Correction

To compare EMC effects is necessary to apply an isoscalar correction to
approximate a nucleus with equal protons and neutrons:

1 F7

21+ %)
U (z+ua-0f )
/A< +( ) /sz
A and Z are the mass and proton numbers of the target, respectively.
The input of © /Fp is the ratio as extracted from the H/sHe target ratio.
For more info on the MARATHON FZ/ » extraction, see Tong Su’s talk

“JLab measurement of the ratio of the nucleon structure functions,
n
F2 / =y from electron DIS off 3H and 3He at large Bjorken x”
2

Isoscalar Correction Factor =




Helium-3 EMC Ratio - Raw
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Nucleon Structure Function
Ratio Extractions

Neutron to Proton Structure Function Ratio
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Nucleon Structure Function
Ratio Extractions - Normalized
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Helium-3 EMC Ratio
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Thank youl!
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Universality of R=0,/0; — Existing Data

SLAC/CERN data show that the
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same for the 3H and 3He nuclei.
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