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eMotivation and current status of polarized PDFs
® The role played by jets at an EIC

oStatus of theoretical calculations, phenomenology



Puzzles in proton structure

*How proton structure emerges from QCD still puzzles us today
*From the 2012 EIC white paper:

How are the sea quarks and gluons, and their spins, distributed in space
and momentum inside the nucleon? How are these quark and gluon distributions

correlated with overall nucleon properties, such as spin direction? What is the role of
the orbital motion of sea quarks and gluons in building the nucleon spin?
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Goal: precision determination of polarized PDFs




Recent progress: jets at RHIC

®|n the past several years we have obtained initial insights into
these questions from RHIC data.
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Recent progress: jets at RHIC

*|et double-longitudinal spin asymmetries provide evidence of
non-zero gluon polarization at high Bjorken-x in the proton
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Recent progress: W at RHIC

®ongitudinal spin asymmetries in VW production provide a
glimpse of flavor structure in the polarized quark sea
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Recent progress: W at RHIC

®Longitudinal spin asymmetries in W production provide a
glimpse of flavor structure in the polarized quark sea
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Future projections at the EIC

® A precision determination of the polarized PDFs will first
come from the EIC.
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Polarized PDFs at NNLO
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Long-term goal: NNLO extraction of polarized PDFs and FFs. Our

understanding of unpolarized PDFs at this level has had a profound
impact on our ability to understand LHC data.




Jets and longitudinal proton structure

®|ets can play an important role in disentangling the structure of
the proton.
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Jets and longitudinal proton structure

*PDF errors larger than estimated experimental errors. These
distributions can improve current PDF extractions. They have
different systematic errors than g| and can provide cross-checks
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Jets and longitudinal photon structure

*Polarized dijet production at the EIC will provide our first view
of longitudinal photon structure, which is currently based on

models only.
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pQCD framework

*|et observables relevant for longitudinal structure can be
systematically calculated using the perturbative expansion in
collinear factorization.

Oep—s X — /dwldm2fz’/e(xla:u2)fj/p(x27M2)3ij—>X($17x27,u2)

S + 'CM'S'FV?;; ratio ‘ —<>— HERA
S —#— CMS i prod. —— LEP s
0.20 —&— CMS incl. jet —— PETRA - (1) o ) (3)
—— CMS 3-jet —/— SPS A orn 1 S 2 3
' T o T T =0 <1 i %O i (27T> i <27T) T )
0.15| A A A
: LO NLO NNLO NNNLO
0.10 - predictions corrections corrections corrections
as(Mz) = 0.1171 43023 (3-jet mass) :
0.05 - - Os(Mz) 0.1185 + 0.0006 (World average) i
- - o — § EIC: perturbative, but corrections
Q G V .
. ' e EHC  QICeV] larger than at LHC. Must be included

|3for any quantitative analysis



g

pQCD framework

e|ets at the EIC will also probe open questions regarding the
region of validity of perturbative QCD.
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Inclusive jet production at the EIC

®Review the structure and phenomenology of jet production at
higher orders at the EIC.

® Three distinct contributions through O(X?2):

(1) DIS process:
qitez 2 q3tls+X

Begins at O(0)




Inclusive jet production at the EIC
® Three distinct contributions through O(X?2):

(2) Weizsacker-Williams
(WW) photon process:

q/gi+Y2 2 q3tg/qatX

Begins at O(X;!)
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Inclusive jet production at the EIC
® Three distinct contributions through O(X?2):

(3) Resolved
photon process:

q/gi+q/g2 q/gatg/qatX

Formally begins at O(Xs2)
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Inclusive jet production: unpolarized
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Inclusive jet production: polarized

EIC inclusive jet production
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Inclusive jet production: polarized

EIC inclusive jet production
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Inclusive jet production: polarized

EIC inclusive jet production
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Inclusive jet production: polarized

0.02 EIC inclusive jet production
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Inclusive jet production: polarized

*New result: inclusive jet production in polarized DIS through
NNLO (n.b. no WW or resolved photons)
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Di-jet production: polarized

*NLO calculation for di-jet production in polarized DIS (n.b.no
WW or resolved photons)
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Conclusions

*We can bring our understanding of longitudinal polarized
proton structure to the same quantitative level as
unpolarized proton structure with an EIC

*Will need global fits with numerous data sets, precision
cross section calculations to achieve this goal

®|ets can play an important in this quest: offer kinematic
handles to separate different PDFs, independent of FFs

¢ The needed theoretical calculations are available
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