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Accessing collinear PDFs
I . 99 qg
d Deep inelastic scattering and Drell-Yan e F
T oa[-
ab—cd o eof pp—jet+X
dopis  fa(xa)do dopy o f3(xa)fp(xp)do f oot HLo CTEGeM
8 o2 aa+ <1
d Good constraint on quark distribution functions but a
. . . . . 01— Solid: (=200 GeV
contribute to gluon distribution at next to leading order - Dotted: {5=500 GeV
00005 01 o5 02 025 03 035 04 045 05

d  p+p collisions

i 8 fa(xa)fb(xb)daab_":x Dé’(zc)

Jetx, (=2p/ (s)
STAR collaboration. Phys. Rev. D 100, 052005 (2019)

d Access gluon pdf at leading order

A Inclusive jet and direct photon cross sections

d  small final state fragmentation effects
Jet production

fa(xa2) Parton distribution function of parton a with momentum fraction X,

D? (z¢) Fragmentation function of parton ¢ into hadron h with momentum fraction z Direct photon production
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Accessing collinear FFs
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PH ENIX
Gluon helicity distributions
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Polarized Physics Runs at PHENIX

RHIC is the world’s first polarized proton collider
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Year | System | /s (GeV)| Polarization| Recorded
Direction Luminosity
(pb')
24 |l | 008
2006 b 200 transverse 2T
longitudinal 75
2008 p+p 200 transverse 5.2
200 = 16
2009 p+p 500 longitudinal 14
2011 p+p 500 longitudinal 18
200 transverse 9.7
2042 | BB 510 | longitudinal 32
2013 p+p 510 longitudinal 155
p+p 60
2015 p+Au 200 transverse 1.27
p+Al 3.97
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PHENIX Detector

PHENIX Detector
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Cross Section Results
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Forward 1) meson cross section
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Forward 7 meson cross section
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Midrapidity jet cross section

[ Small jet radius R=0.3 with anti-kT jet clustering
algorithm

d  NLO + In(R) resummation theory calculation
overestimates data for small R jets

(A Partonic level calculation does not account for

MPI and hadronization effects
(d Similar effect found in CMS, ALICE small R

jets
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Midrapidity direct photon Cross section

7 Isolated direct photon cross section (c)
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Midrapidity direct photon cross section

d  Dominated by quark-gluon compton

scattering qg — q

d Isolation cut removes parton fragmentation

to photon and quark bremsstrahlung
d NLO pQCD underestimates inclusive cross
section but is roughly consistent with
isolated cross section
A MPI lessens data/theory disagreement
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Longitudinal Spin Results
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Midrapidity direct photon Aj

- P+ P — Y+ X, Vs=510 GeV, | < 0.25
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contributions [
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d  Consistent with DSSV14 global analysis i
e PHENIX Data ‘
_002_ "D'SSVT‘T'Wﬂﬁ'DSSVME"Uﬁ'C'éﬁé'IﬁYy """ g
[ sas JAM Ag > 0
i JAM Ag <0
_0_047....._‘ ________ e 1 |
5 10 15 20
p. (GeV/c)
MICHIGAN 14

DIS2023 - Devon Loomis



Midrapidity charged pion Af
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PRD 102, 032001 (2020)
d  Higher energy charged pion A1 probes x down to 0.02

[  Consistent with DSSV14 for 71, 7—, and 7°

M A Sensitive to Ag(x)
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Midrapidity jet Ar1
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PH ENIX
Summary

A Recent PHENIX measurements access:

d Gluon and flavor-separated quark fragmentation functions (forward eta meson cross section)
d  Unpolarized parton distribution functions (inclusive jet cross section, direct photon cross section)

d Gluon helicity distribution (midrapidity jet A;;, midrapidity direct photon A , midrapidity charged pion A;; )
O Future measurements: forward 79 cluster and 1 meson A, at 510 GeV will access low x

region (x ~ 10~*) of gluon helicity distribution
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Dominant partonic processes at PHENIX

' Reaction | Dom. partonic process | probes | LO Feynman diagram |
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T] meson Cross sections
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RHIC 7T0 A/_L at 510 GeV
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0.02+— 510 GeV: rel. lum. uncertainty 0.04 —e— 2009200 GeV R=0.6 Inj<1.0 > ™
""7L e 200 Gev: Run6-9 (PRD90,012007) L Relative luminosity uncertainty R
L 200 GeV: rel. lum.uncertainty | | | | | 7777 ;Z?V"); e -
o/ o/ | X — ’
. 510 GeV /200 GeV pol. scale uncert. 6.5% / 4.8%) P 1 [P NNPDF1.1 ’ 1
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2 7 AL from RHIC at 510 GeV confirmed nonzero Ag(x) and
extended x down to 0.01
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