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Lepton-Hadron Deep Inelastic Scattering

Inclusive DIS at a large momentum transfer & > Aqcp
e dominated by the scattering of the

lepton off an active quark/parton [ /
* not sensitive to the dynamics at a q \
hadronic scale ~ 1/fm —
e collinear factorization: o < H(Q) ® ¢,/ p(z, ) p = X
* overall corrections suppressed by 1/Q" I’
QCD factorization L, /
e provides the probe to “see’” quarks, q\
gluons and their dynamics indirectly t
e predictive power relies on >
p ) ———

— precision of the probe

— universality of ¢,/ p(z, 1)
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Lepton-Hadron Deep Inelastic Scattering
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Kinematics with Radiative Effects
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[Figures from X. Chu at 2nd EIC YR workshop]
Kinematic experience # Kinematic reconstructed
by the parton from observed momenta

OED radiation will have significant impact due to kinematic shift, although o is small.
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Traditional Method to Handle QED Radiation

Radiative correction (RC) to Born kinematics:

Omeasured — ONo QED radiation X NRC
RC factor

“In many nuclear physics experiments, radiative corrections quickly become a
dominant source of systematics. In fact, the uncertainty on the corrections might

be the dominant source for high-statistics experiment”
—— EIC Yellow Report

Problems or challenges:

The determination of RC factor relies on Monte Carlo simulation.

Usually depends on the physics we want to extract, hence introducing bias.
Also depends on experimental acceptance.

increasingly difficult for reactions beyond inclusive DIS, e.g. SIDIS ...

Multidimensional kinematic shift, challenge to decouple 18 structure functions.
Almost impossible to determine the virtual photon event by event, and thus

the true photon-hadron frame.

Problematic to define P,r and azimuthal angles, essential for TMD physics.

. . N
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Basic Ideas of Our Approach

e Do not try to invent any scheme to treat QED radiation to

match Born kinematics. — No radiative correction!

e Generalize the QCD factorization to include Electroweak

theory, resum the logarithmic enhanced QED contributions.

— QED radiation 1s part of the production cross sections.

— treat QED radiation in the same way as QCD radiation 1s treated.

e Same systematically improvable treatment of QED

contributions for both inclusive DIS and SIDIS.

T. Liu, W. Melnitchouk, J.W. Qiu, N. Sato,
Phys. Rev. D 104, 094033 (2021), J. High Energy Phys. 11 (2021) 157.
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Inclusive DIS with QED
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Define inclusive DIS as inclusive lepton scattering with large Z’T

in lepton-hadron frame
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Factorized Approach to inclusive DIS

Unpolarized inclusive DIS cross section: lepton fragmentation function (LFF)

lepton distribution function (LDF)

doyp_ex
F=pr = Z/ ¢ Je _'DG/J G )
1,7,Q min min

1
d ~
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LDFK and LFF

Lepton distribution function: g
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Hard Part of Inclusive DIS

LO: 0 0 0 (2,0 (2,0
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NLO:
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One Boson Exchange Approximation

g/ (b) ' g/
(K Aw
AN
X P X

At higher order one can find quark/gluon distribution in LDF and LFF.

(b) 1s suppressed by selecting events in which the lepton does not have much
hadronic energy around it.

One-photon exchange approximation:
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The Hard Scale

Collision induced QED radiation changes the hard scale from Q2 to @ 2
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The Hard Scale

AN

Collision induced QED radiation changes the hard scale from Q2 to Q2
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Impact on Inclusive DIS
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Comparison with Early Result
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Including Parity-Violating Terms
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Impact on Apy
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Comparison with Traditional Method

No QED results: different PDF sets
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See Nobuo Sato’s talk this afternoon for Apyv sensitivity to PDFs
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Comparison with Traditional Method
QED mmpact on Apy
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Summary

 QED radiation effects are important in DIS, and hence precise measurements of
nucleon structures and EW physics.

* We propose a factorized approach to treat QED radiations.
e Treat QED radiation as a part of the production cross section.

e Generalize QCD factorization to include QED. All perturbatively calculable
hard parts are IR safe.

e Same systematically improvable treatment of QED contributions for
inclusive DIS, semi-inclusive DIS ...

e QED radiation also has significant effect on Apy

e If calculating the RC factor for Ay, our factorized approach gives similar
values to that from traditional approach at JLab kinematics.

e A high energy upgrade of JLab may provide a wider window, where the
QED radiation 1s more controllable for Apy.

* A,y is also a sensitive probe to sea quark PDFs [see Nobuo’s talk]
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