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High energy scattering with a
nucleon (proton) probes the sub-
structure
o scattering with individual
quarks, antiquarks, and
gluons (partons) ¥
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e Parton Distribution Functions
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o describe statistical distribution
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e polarized PDFs, Af(x)

o take into account spin along

proton’s spin axis



e (Charge sumrule
o assumes zero strangeness

Qpam = 1= [ do 2 (Su(a) ~ a(0)] - He) - ) )

e Momentum sum rule

o quark term from neutrino, antinetrino x-section measurements
m <50% of momentum
e conclude that gluon contributes >50% of linear momentum

Pproton — Lquark + Pgluon

— /0 dz z ([u(z) + a(x)] + [d(z) + d(z)] + [s(x) + 5(x)]) +/0 dr zg(x)

e Spin sum rule
o quark spin, gluon spin, OAM
o DIS experiments find quark spin contribution only 25-35%

1
Sproton = 5AZ + AG + Ly + L,

quark

gluon,
OAM

AG = /O dr Ag(z), AY= /0 dr ([Au(z) + Au(2)] + [Ad(z) + Ad(x)] + [As(z) + As(2)])



e In p+p scattering:
o proton spin parallel (positive helicity) or antiparallel
with its momentum vector:
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e “Double Longitudinal Spin Asymmetry” then defined in
terms of cross-sections:
A — (et +0 )= (67" +0™ 1)
= (ott+0)+ (ot + 0o t)

e Can be similarly defined for fixed target experiments




e How tointerpret A 7
hadrons e Known a priori:

o parton-parton cross sections
(calculable in pQCD)
o Including gluon scattering!
e Ingredients from other
experiments:
fadron o Fragmentation functions
(from e+e- scattering)
o quark (p)PDFs

polarized PDF e Assume “factorization:”
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partonic reaction partonic x-sect fragmentation function
atb->c

e Factorization tested in each case
by checking denominator against
absolute x-section 5



Absolute Polarimeter (H jet)
f BHIC pC Polarimeters
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200 MeV Polarimeter arm Snake

AC Dipole| AGS pC CNI Polarimeter
Cold Snake

e Variablevs: 62.4, z\o/o, 500 GeV

most of this talk

BRAHMS

Siberian Snakes

« Up to 120 proton bunches
rotating in each ring

 Polarization can be chosen
on a bunch-by-bunch basis, e.g.
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» Spin Rotators allow
polarization axis to be made
transverse, longitudinal, or radial at
different experiments

« Overall polarization PB, PY,
measured precisely by pCarbon
polarimeters, and normalized to
accurate Hydrogen-jet polarimeter
meas.

« Polarization axis must be
measured individually at each
experiment



Central arms

In| < 0.375, Agp = (11/2) x 2
Tracking
Drift Chamber (Multi-Wire Proportional)
Pad Chambers
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Particle ID

Ring Imaging Cherenkov detector

Hadron Blind Detector (Gas Electron
Multiplier) in ‘09 and ‘10

EM Calorimetry

Two separate technologies for cross-check
Lead-Scintillator (PbSc)

sampling calorimeter

Lead-Glass (PbSc)

Cherenkov radiation calorimeter

Forward arms

Tracking, Calorimetry, Muon Identification
Minbias detectors

Zero Degree Calorimeter:
An=%(3.1t03.9), |z| =18m
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outside of bending field, sees neutrals

Beam-Beam Counter: |An| =>6, |z| =1.4m

reconstruct collision z-vertex online with
~5cm resolution
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e PHENIX is a versatile detector that allows AI_L measurements from
a variety of complementary probes, including:

O Single electrons from heavy flavor decays
m dominated by gluon-gluon scattering

o Electromagnetic clusters at forward rapidity
m low Bjorken-x reach

o ldentified charged pions
m sensitivity to sign of AG

o Neutral meson decays
m statistically powerful probe

o Y pairs
m improved x resolution through correlation



PHENIX Detector
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PhysRevD.80.114020

Analysis of electrons (positrons)

from Heavy Flavor Decays
Dominated by gluon-gluon
scattering resulting in a c-cbar
pair

subprocess fractions ¢, b, b — ¢ fractions
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Measure electron from decay of
heavy flavor meson
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(b) Photonic electrons (separated clusters).

electrons (merging cluster).

Improved BG rejection with Hadron

Blind Detector in Run9

o Cherenkov Radiator/GEM detector, 50 cm
from IR

o 6.2 cm? pads, circle from electron rad.
slightly larger than 1 pad
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e e gluon-gluon scattering:
PPo{ere)/zex \em200Be (yf<0.35) o sensitive to magnitude of Ag

—*— 2009 this result

=== 2005 (PRL.97.252002) : o negligible quark scattering

~
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<
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wmmemens J/Y—€" +e (cocktail method) _: - .
: contribution to asymmetry
= FONLL (total)
; i o FONLL (c-s¢) i 2,005 - T N
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P, [GeV/e] e resultant constraint:

® Cross section measurement at
upper limit of theory uncertainty
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Forward A | allows access to
lower Bjorken-x
o for partonic reaction

1+2 — 3+4 :
T T T T
E 6—773 _|_ 6—774 : n3
TS
E 6"3 + 6774 E
1 Iy = Pr I
: Ve
e e e e e e e ——— |
> <
X, X4
e Measurement of high statistics

forward 1° production
Can extend PHENIX AG reach

down to x ~ 0.002
o central arm 1° down to x ~ 0.02

Muon Piston (EM) Calorimeter

o 3.1<]n|<3.9 Ad=2m
o 4.8 cm?towers
o 1’ — yy measurement limited
by merging at p; 2 2 GeV/c
m analyze unidentified
electromagnetic “clusters”

o\ T° meson decay
]| n meson decay
)
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e Preliminary result for cluster
asymmetry at \s = 200 GeV

o0os- PHENIX Prelimina

“FE Run-2009 pp \Vs=200 GeV
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e Approximate cluster composition
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Analysis of Vs = 500 GeV
datasets underway

Readout electronics and trigger

upgrade for Run12

O

purity of trigger improved by

factor 4

Expected statistical uncertainty
on cluster A | from existing 500
GeV data expected to be ~1e™
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|dentified ", T e Main source of BG:

e} R|ng |mag|ng Cherenkov O conversions before DC,
Detector look like high p. tracks
m electrons: 0.017 GeV/c e Matching to HBD hit brings
B muons: 3.5 GeV/c background to ~1% level
m pions: 4.7 GeV/c o enables high pT cross section
measurement
< < |
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PhysRevD.80.034030

Valence quark content:

7t =ud 7w =du
Plus large polarizations for u and
d quarks:

authd) o xadrad

-0' : Q=10 GeV? :
A DO I

(=]

[ —— DSsv

[ RRRR Ay= (Lagr. multiplier) {f
- sz'l (Hessian)
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Leads to AG sign sensitivity
AT > AT, > AT, = AG >0
AT < AT, < AT, = AG <0

0.05

e Result without HBD
o Tight EMCal shower shape and
other cuts alleviate BG problem
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Inclusion of “charge neutralized”
average of charged pion A s in

global analysis already possible
o lose sensitivity to sign of AG

For full inclusion, fragmentation
functions need to be updated to
account for 1%, 11" cross sections
o global analyses needs to
include high-p.. p+p cross
section measurements
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e Analyze through the yy decay channel
o PHENIX EMCal

m An~0.01, Ap ~ 0.01 rad. segmentation
o B.R. 99%for 11°, 39% for n

e Count signal region (red) and sideband
region (blue) counts in ++ and +- helicity

crossings:
4 1 N+t — RN*- N
M PgPy \N+* + RN+ )" 77 Njigo

e Relative Luminosity R is measured using
minbias BBC scalars

o largest systematic uncertainty from
confidence that BBC sees zero asymmetry

e Interpolate combinatorial B.G. shape under
peak to get background fraction “r”

l
0 Aszgna — Aszdes

/Advantage:

o identifiable mass peak

o choose cuts to minimize

total uncertainty

J




7 -1 200 GeV p+p

Midrapidity

p, (GeVic)
g-g and g-g sub-processes at
low p.

0 is the highest statistics
PHENIX central arm probe

o excellent constraint of AG
n has larger decay opening

angle, measurable to higher p_.

o T decays merge ~10 GeV/c
o nat~20GeV/c

Vs = 200, 62.4 GeV PHENIX m°
currently used in global analysis
Vs = 500 GeV data under analysis
inclusion of n requires more well-
determined fragmentation
functions in global analysis

Phys.Rev.Lett.101:072001,2008
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e PHENIX Run9 Prelim. results @ Vs = 200 GeV
e Final results out soon

o refinement of cuts
o addition of 12-15 GeV/c pT bin for m°

< 0.07E
= Y
0.06 PH ENIX Preliminary
0.05 - —e— ndata ("05+'06+'09)
PE —— GRSV-std
0.04 ~----- GRSV Ag=0
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e Inclusion of Run9 A | m%in DSSV08 Global Analysis (PhysRevD.80.034030)
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X DeltaG

0.1

-0.1

Central curve also affected by update of Run6 values to final

Finalization of Run9 data will move curve down slightly

AG in “RHIC” range [0.05,0.2] consistent with small or zero
Systematic uncertainty treatment lacking

DSV

Dchi2 =1 DG=-0.]G=——

Uncertainty bandE==a
Best Fit DG=0.01——
Dchi2 =1 DG=0. 1§~

DSSV

0.1

0L05 Fee

X DeltaG

DSSV does not include p. correlation

DSSV+Run9

Uncertainty bandE===
Best Fit DG=0.08——
Dchi2 =1 DG=0.20=——
Dchi2 =1 DG=-0.0f~——

DSSV

+in-house update by

C. Gal, S. Taneja, K. Boyle, and A.
Deshpande

Global Fit pre-Run2009 PHENIX 1r° A,

0.001

H
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X
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Global Fit with Run2009 PHENIX ° A |
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e m0-11° correlation gives better
Bjorken-x determination:

>

BjorkenX for PHENIX single x° production at mid-rapidity region
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e Analysis similar to single

inclusive 1° with an added

dimension
N7TO7TO-|—7TOBG+BGBG

mo0n0 w979 4+79 BG+BGBG
LL — Nﬂ-Oﬂ-O LL

0
N7 BG 0
m BG

o N 070 LL

BGBG
N BGBG

— NWO 70 LL

.................. GausX:Sigma 0.009737 £ 3.913
~~~~~ 2 1178+ 0.183

1000

£3.499
73+ 4.339
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‘preliminary

|

8.8% polarization uncertainty
not included
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Statistics limited

First pair correlation A |
measurement in
PHENIX

Possible extensions to
o 1 + hadron

o central arm %+
forward cluster
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e Summary:

o PHENIX measures a variety of probes that give complementary
information about AG

o Significant constraints on Ag(x) from p+p scattering
m PHENIX 0 data consistent with small or zero AG in measured region
m Plenty of measurements not yet included in global analysis

e Outlook:

o s =500 GeV datasets to being analyzed
m high luminosity, lower x-reach
m A measurements of central W->e and forward W—p
e constrains anti-quark spin
o Heavy flavor asymmetry measurements with VTX
o sPHENIX upgrade
m enhanced di-jet asymmetry capabilities
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