Inside of the nucleon:
Zooming in and out
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RHIC Spin Program: Key questions

e How do gluons contribute to the proton spin?

e What is the landscape of the polarized sea In
the nucleon?

e What do transverse spin phenomena teach us
about proton structure?




PHENIX pi0: access gluons

RHIC data: direct access to gluons
PHENIX pi0 and STAR jets confirm non-zero gluon spin for x > 0.05

[ dxAg(x)=022%(Q* =10GeV?)

Access low-x by higher energy (x down to ~10-2) or going forward

More forward p+p measurements, EIC!
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W measurements: separating quark flavor

e Clean and direct sensitivity to (anti)quark helicity PDFs via parity
violating W production
e Flavor asymmetry of the sea: unpolarized sea asymmetry
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Transverse Spin Phenomena

* Lead to surprises and new insights
* Development of theoretical frameworks and a lot of
experimental effort recently " prp e is =200 GeV, s
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Accessing Large-x PDFs

 Global analyses to extract PDFs: Regular DIS + Neutrino DIS +
Hadron collider data

Precision mapping in wide range of x and Q2

Poorly constrained at small and large x
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Higher energy -> EIC!

Parton dynamics at high gluon
density

Large-x:

Study non-perturbative dynamics
of nucleon

Improve low-x PDFs

High energy cross sections at
collider
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Precision F2 measurements in the
resonance region and beyond

Phys.Rev. D87 (2013) no.9, 094012

DIS data
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Precision F2 measurements in the
resonance region and beyond

Phys.Rev. D87 (2013) no.9, 094012
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Standard global PDF analysis used
stringent cuts on W2 and Q2
(Large amount of data not used)

Q2> 4 GeVZ2 W2> 12.25 GeV?2

TEQ-Jefferson Lab (CJ) analysis loosen
up the cuts to Q2 > 1.69 GeV2 W2 > 3 GeV?2

Significantly improved constraints on d PDF at large x
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Precision F2 measurements in the
resonance region and beyond

Phys.Rev. D87 (2013) no.9, 094012
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DIS data

SLAC

JLAB Standard global PDF analysis used
o stringent cuts on W2 and Q2
HERA NC (Large amount of data not used)

HERA CC 2 Q2> 4 GeV2 W2 > 12.25 GeV?2

TEQ-Jefferson Lab (CJ) analysis loosen
up the cuts to Q2 > 1.69 GeV2 W2 > 3 GeV?2

Significantly improved constraints on d PDF at large x
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Precision F2 measurements in the
resonance region and beyond

Phys.Rev. D87 (2013) no.9, 094012
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10!

up the cuts to Q2 > 1.69 GeV2 W2 > 3 GeV?2

Significantly improved constraints on d PDF at large x

X ' Further relax W2nmin to explore large x region
-> data from resonance region

Quark-hadron duality:

SLAC (1969) Integrated F2 in nucleon resonance region resemble the strength under scaling curve

Could use averaged resonance data to access large x region



Precision F2 measurements in the
resonance region and beyond
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SLAC data - limited statistics, low Q2
-> JLab 12 GeV can extend Q2 coverage
with high precision
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Experimental setup

Inclusive H(e,e’) and D(e,e’) measurements

CEBAF electron beam

g ﬁ

Successfully completed 12 GeV
upgrade in 2017

New Hall

Upgrade arc
magnets
zJand supplies

Add 5
cryomodules

20 cryomodules

* High current 10.6 GeV electron beam
* New Super High Momentum Spectrometer (SHMS)
Enhanced capabiles expands central momentum range
in existing Halls e LH2 and LD2 targets (F2p, F2d measurements)
e Al target (target cell background subtraction)
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(* Statistical uncertainty only)
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F.n/For Ratio

(*W#> 3.5 GeV*applied to the data) Very first look of our structure
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(* Statistical uncertainty only)



Summary

EIC

RHIC



Backup
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Experimental setup

Hall C High Momentum Spectrometers

o Calorimeter based electron PID + pion
rejection using Cherenkov detectors

e Drift chambers for tracking

e Scintillator hodoscopes provide timing
and form triggers

Preshower &
Shower
Counters

X-Scintillator
Y-Quartz

 High current 10.6 GeV electron beam
* New Super High Momentum Spectrometer &

{ Aerogel Cerenkov

‘ X-Y Scintillator
] Paddles

expands central momentum range \ |\
e LH2 and LD2 targets (F2p, F2d measurements
e Al target (target cell background subtraction)

Drift Chambers

:' (12 planes)
lgw




