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Understanding Proton Spin™" =

 No Longer a Surprise: Valence quarks
do not carry all the spin. More complex

dynamics are at hand.

 Transverse -- how are proton spin and
parton transverse momentum
correlated?

1980s

 Longitudinal -- how do partons polarize
wrt the proton
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Longitudinal Asymmetries PHENIX
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» Partonic asymmetries can be large Rk
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Accessing Ag

* No free gluons in the final state --
extract pPDFs via global fits of
multiple observables

 Models predict how much each
subprocess contributes to a
particular final state

e Jets: Inclusive measurement, all
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Pf()b"]g Spln at RHIC PH-<ENIX

World's only polarized
p+p collider”

Operational 2000 - (Yeic)
STAR and PHENIX

L
general-purpose %LQ%E,R

detectors =

*also p'He, pTAl, pTAu,...
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PHENIX Detector P ENX

PHENIX Detector

* Took data until 2016 (==>sPHENIX)

* \Wide variety of probes:
o Central: n%, &, n, vy, jets, ...

e Forward: n% n, n, ...

West Beam View East

« At mid rapidities (|n|<0.35):
e Charged particle tracks from Pad+ Drift

chambers | | I |
+ pID from RICH (7= >4.9GeV, e* > 20 GeV) & w» I | =|l//\| | IMjg’EéiMn"

* Energy and trigger with EMCal

o
i/ Central Magnet N
0}% = o®

South Side View North
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o Select tracks with pT>0.5GeV,
EMCal clusters with E>0.5GeV

e Fastdet Anti-kT algorithm
produces detector jets

o (Control noise with cuts on
measured jet p1, charge
fraction, number of
constituents

« Cut on jet axis |n|<0.15 to
minimize jet energy lost
outside acceptance

\ Stony Brook University
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Correcting Jet Energy

* True jet energy is distorted by

* Missing energy (punch-through /
acceptance)

* Bin migration (resolution)
* Trigger efficiency
 Underyling event

* Pythia events generated and studied
to produce response matrix.

 RooUnfold Bayesian unfolding
procedure (2 iterations)
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R=0.3 Response Matrix (200 GeV p+p)
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Jet Cross Section @ 200 ™* ="

> 1035 p+p, Y5 = 200 GeV
. . Q -3 - <0.
e After unfolding, jet cross 8 E n_ (S TR
_ _ = o4k A} 10% global systematic not shown
section can be plotted with A - 7, PHENIX Run-8 (re-analysie]
'regl’ Jet pT ‘i_m . ;_ E | o PHENIX Run-12
o) = [I] 4 NLO pQCD
_ B - < PRD 68, 094002 (2003)
* Results are systematically b 106 L- zy, W P 8538136 ot
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Jet Cross Section @ 510 ™ =

Similar trend at 510 GeV
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Jet dcs/dpT (pb/GeV)

Ratio Data/Theory
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Jet ALL @ 510 PHENIX
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 Asymmetry consistent with STAR result and - T
theoretical prediction [ NLO +InR, DSSV14, Kang & Ringer
_ _ _ _ _0.04— PHENIX 2013 pp 1s = 510 GeV
* Main systematic effects from fidelity of ' 1<0.15, antk_ R=0.2
detector simulation in unfolding studies -0.06E STAR 2012 (510 GeV. <05, R=0.6)
» Note: Statistical errors correlated by the 0080 6.5% pol. scale uncertainty not showr
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Charged Pions
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° S|ng|e particle signal reduces arxiv:1506.06381 Phys. Rev. D 93, 074026 (2016)
acceptance issues e R

b xAu*(x,QP=10 GeV?) E "L xAd*(x,Q%=10 GeV?) -

* Pion production in jets favors sign I
that matches the hard-scatter quark N ;

» Existing knowledge of Au and Ad = | <
gives a lever arm to look at Ag =l ] S
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Reconstructing Charged Pions

* Trigger on EMCal energy, candidate track

must match to tower

 Challenge: ~50% of pions have significant

EMCal punch-through
* Pion ID:

 >1 PMT in RICH must fire (4.9- 17.3GeV
fires only for pions and electrons)

* 0.2<E/p<0.8 -- punchthrough to

disfavor electrons

* Require bad match to EM shower shape
 Remaining BG studied in PYTHIA+GEANT
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Pion Background St

10 e e L L I B e
1072_ ¢ DATA: mtt _

= PHENIX —— MC: t*+e*+K +p* -
ot A MC: 1t =

e MC studies show electrons dominate:

e below threshold and until kaons can fire the RICH

* at high E/p (EM shower fully captured)

e at low E/p (late conversion)
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Charged Pion AL @ 510 ° PHENIX

m= AL @ 510
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 Background asymmetry consistent with zero, fraction also small
Consistent with DSSV fits of 200 GeV data: positive gluon polarization

Complementary XT range, corresponds to 0.04=xg=<0.09
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qQg subprocess increasingly dominates at forward angles and larger energies

Pions Going Forward

Contributions to Forward #° Production
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PHENIX Muon Piston Calorimeter covers 3.1<n<3.9(3.7) North(South)

Most likely: high-x valence quark, low-x gluon =

Analysis of \/s=510GeV (Run13) data in progress
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Summary and Outlook

Jet ALL@ 510
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NLO + InR, DSSV14, Kang & Ringer

PHENIX 2013 pp 1s =510 GeV

|<0.15, anti-k_R=0.3
STAR 2012 (510 GeV, n|<0.5, R=0.6)

6.5% pol. scale uncertainty not shown

channels as well
e Now: Transition to sPHENIX

 Soon(ish): EIC, and
significantly improved
access to small x
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| EIC projections:
B Vs=775GeV

19 .+ Vs = 1227 GeV
I Vs = 1414 GeV
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NLO Jets at CMS  PH ENKX
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SN PHENIX
C projections
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RHIC Runs
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Year V'S Recorded Luminosity for Recorded Luminosity for <P>
(GeV) longitudinally / transverse longitudinally / transverse in %
. polarized p+p polarized p+p
° Large datasets available . STAR PHENIX
: : : 2006 /62.4 —-pb?/02pb’ 0.08 pb™ /0.02 pb™* 48
n longitudinal ar_]d | 200 6.8 pb" /8.5pb” 7.5pb" /2.7pb" 57
transverse polarizations stk b/ 7.8 pb? _ b /5.2 pl" pe
: 2009 200 25 pb /—-pb’ i6pb /--pb” 55
* Run 13: 500 10 pb™ / - pb’ 14pb / — pb” 39
long 510GeV run 2011 500 12 pb™ /25 b 18 pb™* / - pb’! 48
2012 @ --pb™ /22 pb” —-pb' /9.7 pb* 61/56
e Run 15; 82pb"'/--pb’ 32pb’ /--pb” 50/53
first pT on nuclel 2013 510 300 pb”' / - pb’ 155 pb'/ -- pb! 51/52
2015 52 pb” /52 pb” —-pb™/ 60 pb’* 53/57
 (Heavy lon not shown) e . —
2015 m total delivered Luminosity = 1.27 pb-! 60
2015 w total delivered Luminosity = 3.97 pb-! 54

O Transversely polarized
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Absolute Polarimeter (Ht jet)

Spin flipper
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RHIC Ring

Spin flipper
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Spin RXtat{rs

Absolute Polarimeter (Hf jet)

~

\ Siberian Snakes

PHENIX

(longitudinal polarization)
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