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Outline

e Helicity PDFs
e Transversity (tensor charge)

e QED effects
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https://arxiv.org/abs/1601.07782

Global analysis

NS, Melnitchouk, Kuhn, Ethier, Accardi
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https://arxiv.org/abs/1103.5979

Stra nge pu ZZ I e A Possible Resolution of the Strange Quark

Polarization Puzzle ?

Elliot Leader, Alexander V. Sidorov, Dimiter B. Stamenov

. . . The strange quark polarization puzzle, i.e. the contradiction between the negative
NS, Melnitchouk, Kuhn, Ethier, Accardi polarized strange quark density obtained from analyses of inclusive DIS data and

05 T T T the positive values obtained from combined analyses of inclusive and semi-
JAM15 0 02 inclusive SIDIS data using de Florian et. al. (DSS) fragmentation functions, is
0 4 - xAu+ E I discussed. To this end the results of a new combined NLO QCD analysis of the
vE[ == JAI\/’HB polarized inclusive and semi-inclusive DIS data, using the Hirai et. al. (HKNS)
J— DSSVOQ fragmentation functions, are presented. It is demonstrated that the polarized
0.3} 0.00 strange quark density is very sensitive to the kaon fragmentation functions, and if
""" NNPDF14 the set of HKNS fragmentation functions is used, the polarized strange quark
0.2 =i BB10 o density obtained from the combined analysis turns out to be negative and well
4 —0.02} consistent with values obtained from the pure DIS analyses.
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Role of SIDIS and SIA?
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JAM'1] (towards more data-driven analysis)
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Ethier, NS, Melnitchouk
https://arxiv.org/abs/1705.05889

Use of pol. DIS, SIDIS and SIA

No SU(2) or SU(3) constraints
Empirical evidence of g 3~g A2%
No strange puzzle - need more data!

Normalized yield
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) https://arxiv.org/abs/2002.08384
Global TMD analysis g

Cammarota, Gamberg, Kang, Miller, Pitonyak, Prokudin, Rogers, NS
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Global TMD analysis
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https://arxiv.org/abs/2101.06200

ImpaCt Of EIC (from YR) Gamberg, Kang, Pitonyak, Prokudin, NS, Seidl
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3He data are crucial for

flavor separation
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ImpaCt Of EIC (from YR) Gamberg, Kang, Pitonyak, Prokudin, NS, Seidl
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High-x region provides
significant constraints 13
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ImpaCt Of IOW 0 (from SOI-ID StUdy) Gamberg, Kang, Pitonyak, Prokudin, NS, Seidl
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High-x region provides
significant constraints
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Accuracy vs. Precision
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QED effects |



https://arxiv.org/abs/2008.02895
Liu, Melnitchouk, Qiu, NS

The actual probe cannot be uniquely
determined experimentally

One-photon exchange is
not always a good
approximation

e.g., EW observables
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https://arxiv.org/abs/2008.02895

QED effects in inclusive DIS (collinear factorization)

https://arxiv.org/abs/2008.02895
Liu, Melnitchouk, Qiu, NS

Perturbatively calculable
lepton distribution functions and
lepton fragmentation functions
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resummation of collinear QED hadron structure
radiation
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QED effects in inclusive DIS Liu, Melnitchouk, Qiu, NS
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Bottom line: QED effects are pretty large
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https://arxiv.org/abs/2008.02895

Why is QED so important in SIDIS?

Lab frame outgoing lepton I'*

incoming lepton [*

(<3
-

target P*

identified hadron pj,

Standard factorization theorems are
justified in the Breit frame

https://arxiv.org/abs/2008.02895
Liu, Melnitchouk, Qiu, NS

Breit frame

identified hadron pl; outgoing lepton I'*

Pp

B
>

incoming proton P

g=1-0
exchanged photon

incoming lepton [

Determining the Breit frame is
equivalent to knowing exactly
the exchanged photon momentum
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QED effects in SIDIS (TMD factorization) ., oicnosk qiuns
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However, they peak at kT=0! Hadron pT in the Breit frame

includes QED effects
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QED effects in SIDIS
EIC

(a) Ono RC/GRC

— () = 3 GeV
— () =10 GeV

https://arxiv.org/abs/2008.02895
Liu, Melnitchouk, Qiu, NS

Significant rotational effect
due to collinear QED radiation

identified hadron pf; outgoing lepton I'*

incoming proton P g=1-0

exchanged photon

incoming lepton [*
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QED effects in SIDIS
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Liu, Melnitchouk, Qiu, NS

For lower root s, QED effects

are moderate
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Summary & outlook

e Precision in low-Q and high-x region is essential for

spin physics
e Since we supervise on cross sections and <: Accuracy vs Precision
not on parton d.o.f., complementarity is essential in inverse problems

e QED effects are increasingly important at large root S -->
lower root S is needed for cross checks



