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Outline

o AG measurement at RHIC
» PHENIX overview

» Various channels to probe AG
> Single inclusive hadron
Mid-rapidity hadrons (11° , m* , n and unidentified h?)
Forward-rapidity hadrons (cluster 119%)
> Direct photon

» Global analysis

e Transition to future

> Vertex detector
Double inclusive correlation measurement
- Photon-jet, jet-jet
charm and beauty separation



INntro

<J; > proton= > 2Z:(AqWLAq)+AG+L +L,

» AG has been measured at various experiments.

- pDIS fixed target experiment

Indirect measurements via scale evolution : inclusive
processes g,

Direct measurements viay-g fusion : open charm & high pt
hadron pairs at HERMES and COMPASS

» PP collision experiment at RHIC Is an
independent venue for directly measuring AG
without having to rely solely on @2 evolution.



AG measurements at
PHENIX

*

reaction LO subprocesses partons probed T-range

pp — jets X | 94,99,99,99 — jet X | Agq, Ag x 2 0.03
pp — X 99, 99,99,99 — TX Agq, Ag x 2 0.03
pp — v X qg9 — 97, 99 — g Ag x 2 0.03
pp — QQX | g9 — QQ, 97 — QQ | Ag z > 0.01

* For central arm detectors at Vs

=200GeV




CURRENT :
PHENIX DETECTOR ° T, M, Y measurement
CONFIGURATION

* h*tande*

2008 PHENIX Detector
O S me
- )
- / \\
- Hadron Blind Detector(HBD) (relevant

e =0 S to 2009 data
e*, n* and K* (p; > 0.01 ,4, 14 GeV/c)

for i 1,Drift Chamber (DC) / Pad Chambers (PC)
or tracking

West Beam View East - -
0 ingd lmaging Cherenkov Detector
“u Central Magnet K & I ﬁ_l) g g
: = ?nd K* (p; >0.017, 4.7, 16.5

> Electromagnetic Calorimeter (Pbsc/PbGl)
High p; photon trigger to collect 7%, 1, y’S
Acceptance: n|<0.35, ¢ =2 X @/2

> Muon Piston Calorimeter (MPC)
3.1 <|n| < 3.9, North/South

# 047 R ei . Tci
o GeVic

MPC

L1Z"N ' e Relative Luminosity
o " r WD > Beam Beam Counter (3.0<|n|<3.9)

o o Zero Degree Calorimeter (£2 mrad about
beam axi3)
- BBC & ZDC togetlher determine, ;
P uncertainties ontelative Iumlnosn}/ that Is
Souh  SideView  North | a major source of systematic uncertainty.

MuTr



Observable <
S8 2 @

_do(p(+)p(+) = h/y+X)—do(p(+) p(=) = h/y+X)

LL

~do(p(+) p(+) = h/y+X) +do(p(+) p(=) = h/y+ X)

do : Definite helicity cross section

p(+) : Longitu inallvy nolarized nrotons in the same direction as their

movement. |14 5 |ike sign helicity, +- — unlike sign helicity
P() - Longitud i3 parity conservation!

ection as their

movement.
N ++ N +— ++ 8++ +—
A . 1 €++ L++ o €+— L+— . 1 N o 8+_ RN
LL N N+ T i ++ 4
PP, + P,R, N+ RN
sttt st LT et
o N = measured yield of final state particle measured
o ¢ are efficiencies (acceptance, reconstruction, trigger bias)
o L is Luminosity, R(elative Luminosity) = L** /L*"
o Pg, Py are polarizations of the two beams




Single inclusive hadron
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Slngle INClusive haaron at mia-

rapidity
- Neutral pions °

Count 7 yield from reconstructing
di-photon mass.

(1°— vy BR ~ 98.8 %)

Mask towers with abnormal hit

frequency in EMCal to reduce
combinatorial background (CB)

Fit data with Gaussian (z%) +
polynomial (CB)
wge = Npg / (Ngg + N,)

Statistical subtraction of
background asymmetry calculated
from sideband (in blue)

'+BG . ABG
Alr — WpcALL

1 —wpa

. :'r[]

Arn —

10’ |-/
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10° 2

0.1

Red : Signal+BG region

Blue : BG region

e Py Weg
2 GeV/e ~20%
5 ~8
10 ~5
(I\(s = 200 GeV)
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m=o = 2, F5(1 — cosb)




Single inclusive hadron at mid-
rapidity

- Neutral pions r°

E*d’oldp® (mb-GeV:c))

(Data-pQCD)ipQCD
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Measure efficiencies with the
probability of zero method to take
into account multiple collisions.

- Reduces systematic uncertainties
(efficiencies were assumed to be
canceled in the past.)



>lngle Inclusive haaron at mid-
rapidity

- eta

« Analysis similar to n°. A
(mM— vy BR~ 39. %) CRL p+p—mX
.- .. £ \Js = 200 GeV
» Statistics limited compared to m° ioor %
5 - .
> Run 2005 2.5 pb! Pol ~.49 S10°E X NLO pQcD
w - ﬂ\ W= pr2
> Run 2006 6.5 pb1Pol~.57 (used 10 \:.;( _u=p,
for cross section measurement 07k l\ S w=2p;
that went into global fit to - | \
. . 107
Improve n fragmentation : wa
. 8 e L
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Single inclusive hadron at mid-
rapidity

I+

- Low p, charged hadrons h

FR
g L
0.02— e

» Unidentified hadron (nt, Kt,p |« = ' .

— GRSV Stancard (u=p_)

etc.) counts from PHENIX L.;; B

Mo cormection for ~7% contribution

tracking detectors (PC, PC). o T |

 Electron/positron background

eliminated by RICH veto. o meff**’”

- .02 GRSV Max (1=p,)
[ ) < < ~.. BBNLO (u=p_)
. . -0.04 —__ GRSV Standard {u=p )
g g pp s heX reeee DSSV NLO {usp )
-0.06— 3 =624 GeV = A
r PHENIX Preliminary .
-0.08— Mo carrection far ~T% cantribution
Q= Tomshortived paniie decays
pol. uncertainty not inciudod
012 1158 2 285 3 & 4
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SlNgle nciusive naaron at mia-
rapidity o
- High p, charged bions 11—“- S

« Pion charge asymmetry is

sensitive to sign of AG(x, Q) : v frame
o DU'IT+ >DU'ITO >DuTr- ’ fu>0 .
o Dd1T+ <Dd'|TO <DdTr- ’ fd<0 7

For positive AG : N

AT AT AT '
o Can be readily incorporated into -mE Pt I

global fit Wb
p_(GeVic)
» Data set: ERT data Clean separation between particle

> Run 2005 : 2.3 pbt, Pol ~.49 species with HBD (e*, 1%, K¥)

| Radiation intensity for e” , n* and K* |

> Run 2006 : 5.8 pbt, Pol ~.57

> Run 2009 : 11.4 pbt, Pol~.57

Analyzed w/o HBD (preliminary
shown top left)

With HBD, significantly improved o000s |
purity as well as gain in statistics.

Asymmetry & cross section analysis _
work in progress. vooea— J

Radiation Intensity
o o
|

L 1IB L 2I
P, [GeV/c]



lhgle Inciusive nadrori at 10rwala-
rapldlty e nedd, @

N Df‘ r\ll |r\+nr/ > 800/ 02 01 Iﬁllllc-ﬁlunn
ool \ Forward 0 show similar ; [
fraction of sub processes “ o

Fraction

» First measurement with Muon
. . L B R B B S R
~ Muon Piston Calorimeter b
(7 +e’) (3.1<|n|<3.9) *
lowand \ (e +e™) 1o
’ Ay
high energy !
n0s MPC T° A,, 500 GeV
MPC single n°, DSSV-MIN | 300 pb-1, 55% (x~5*10-3)
X 0.003
o T q Au - Projection
o | 0.002—
+— L
@ o Forward bo :
= 0.001— i
o - g !
G—_ 0.6 MrivLUL =
S | 0 O
g 04 D' :
= r II’EC'[ 0.001—
& oz photon -
LT_ F 0.002—
851715 2 25 3 35 4 45 5 55 0.003,— é J‘ é zli' '1:0 1'2 1'4'




Direct photon /[

» Clean channel to probe gluon polarization

o Asymmetry is odd in AG(x, Q%) due to Compton scattering
dominance at LO[O(aa,)] and thus sensitive to sign

o FF =1 at LO : Uncertainties on FFs are much smaller than
other channels(~30%) and thus smaller uncertainties on
AG when accumulating enough statistics.

N

| dxqdx,9,(X, Q%) AG(X,,Q%) (0 ag — Tag) + ...
FZ(Xq,QZ) ) AT A

G(Xg,Q )(qu +qu)+...

dquxg

Xq

4z i q , 7

L i - 55
0.6 —

r ] Compton 5f
os [ h scattering

g




Direct photon at mid- rapldlty

» Two methods to identify y P

> Isolated cut method A "‘a o
Fraction of yenergy is allowed : allow for soft g radiationto | Y

cancel infra. div. , 1.e. infrared safe. /___’ (

Suitable for PP : _Iower event multiplicity environment allows . |
for large enough isolation cone, i.e. effectively veto collinear AN I

Ul
(@)
1

parton fragmentation. O ]

o statistical subtraction method

— o 2 o 2 \\\/
 Statistics limited : R, =1-1,)"+(0,-0,)

D E.(i) 006 -R,)<.1E, for all §<d,

> Run2005 : 2.5 pb! i

RiinA
. -1
> Run2006 : 7.5 pb 5 f PHENIX Preliminary
. ; >t with isolation cut
° Run2009 : analysis under way 8 10 . (R=0.5rad, raction=0.1)
EEy
A, (Direct-y) -%1025— 3,
F L)
— - a L
L Run 5 PHENIX Preliminal L ¥;
0.4 PHENIX Run & PHENIX Prefiminary - 1oL .
C . Runs: 2.5/pb, P=49% : .
0.2:_ Runé: 7.5/pb, P=57% 1:_ . .
L GRSV-max F %
L J; | I 107 SN ¥
o1~ ff:;;:;T:-:-:-:-:-:-:-:-1:-:-:-:-:-‘-'-'-‘-'-'-'-‘-‘- - PH ENKX f
I~ o o b e by L valey N A A S
Fo | R B R R TR TR TR
02 r & p+[GeVic]
Rt I " g it _
C =05 e = _ a
.0.4|— 8-3% scale uncertainty nof included E 0 :._.-;:".!"L'"!— . + Z :’/.
“71_  9.7% scale uncertainty not included £ 05 e = —
" L 1 " | L 1 - L - 1 | 1 =W
- : :
. - L 2 b (Gevio) g§ 0 5 10 15 20 _ 25



Global Analysis

~T(fai)

“({a:}) = Z Z W ( D, ) Phys.Rev.Lett.101:072001,2008

n=1 j=1 T, T T T T TTTT T T TTTTH 0.3

Neyp: # Of experimental data sets, r 7 XAg 2‘\ 1
Ngyao: # Of data points, i i

w; : weight factor, K 71 02
{a} : theory par. (determine PDF, FF at y,) F i

D,: Data value, = 4 0.1
T,({a}): Theoretical estimate. T .

: 1 0

» pDIS, pSIDIS, pp data used ' :

» NLO corrections to decrease | : = -0.1
the scale dependence of r o DSSViay =l :
Ca|CUIat|0n ' :_ L1 1 ]l:)lisllv Alx /|x|:||2:7|0|| L1 ||:_- -02

« PHENIX Vs = 200 and 62 GeV 02 10"

X
n0 data used

» RHIC data significantly
constrain AG in range



K DeltaG

- Impact of PHENIX on AG(x,Q?)
(Non PHENIX analysis)
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Ongoing analyses

> Run9 500GeV =
200GeV 10 | 1t |, h#,

direct y g ¢
E joe
> Studies reveal 5

sources of
uncertainties on
relative luminosity
are residual
transverse
component of

(Data-QCD)/QCD

" at mid-rapidityys=500 GeV

CTEQEMS, DSS:u=p_/2, p_, 2p_
g (calc. by W.Vogelsang)

T
PH- ENIX

Preliminary

polarization - will

n® @ 500 RUN9

be able to reduce
systematic
uncertainties in




Vertex detector(VTX) installed

Wheel holding
electronics and
cooling system

2 pixel layers (R=2.5, 5cm)

2 Stripixel layers
(R=11.7, 16.9cm)

Hits: p+p@500 GeV, 2011

Beam view

Side view

to Central arm

\ Silicon planes v
to Muon arm

 VTX Iinstalled in Run 2011
 Coverage : |n| <1.2 ,A¢~2m
2 = » Resolution (DCA) ~40um(pixel)

collision - 'Distance of C
pornr D_Il..sta.nce of Closest Approach

v




Outlook

» Double inclusive (correlation)
measurement to better determine ;

> y-jet (ideal)
o Jet-jet

moo

moo

=0
o
So
]

=

=0
o
o
20
-l

0.

» Open charm & beauty separation t "

reach further smaller Xq

¢ Charm production via semi leptonic
decay to e*

DCA cut with VTX remove Dalitz
decay & photo conversion

background and thus improve the
purity of event sample (50->90%)

> Beauty production with two
additional channels aside from
eu
Single electron : high statistics

B->J/w+X : charm semi leptonic decay,
Dalitz decay and photo conversion
reduced by DCA

. § 4

0
0.

Vo
.05

Doublde inclusive

s m 200 GeV

2-2.5 GeV/c

.04

.03

0 4-5 GeV/c
o 12GeVigf

05 5.
.04
.03
.02
01—
10

500 GeV

A

e . 10' —

Single inclusive
(central,

similarly wide for
f(\lﬂ\l\lﬂ IFA\

XAG(X)
1.2

Will be able to probe
narrower broken up
range of x.

For example,

[Xd] = [Xr » Xt ]
Xpt = Xt = X

X

(BY ____
(C)

xG (X) .

L cce(displaced)X

-Gsﬁf\ XAG(4 GeV?), Ni‘;__o

-
e

(0.2 R OLX N\ : .
op=—_ BoJAX, ‘:»
hy—see Vot
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Summary

» PHENIX measurements(119,jet) imposed a
significant constraint on AG.

* New detector (VTX) installed and running
will allow for improved/independent
measurements on AG.

 Further constraints to be made possible
by high luminosity coming in future is of
great interest.
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Parton Model for Polarized Proton Collisions
(for single inclusive hadron production)

Proton A(\4)
_(f' a(.)
p1 TS~ LY hadron(m™)
a. .

Proton B(\p) _ g “~oy
—)<:<, b(1) d %\
p2 \ X

fj{f} + 1
doy oy = () / dm‘*/ dwy) D faryjan fooyyss, ——Di —
A S N i ZeT
ab—cd
\ ) \ l‘_'_,
- | |
Helicity parton  Hard Fragmentation
density scattering function

Cross section

STONY .
28 i@ PH-ENIX



(Un)Polarized Parton Distribution
Functions

_ doyy—doy ]
ALL = doy 4 +do. Polarized PDF

AT an= Taeyam) = Taeyao

Numerator

1 1 -
. o)
E [ dr, [ drpAf, 4l )AL ntegl:ate over X L (ab — ed)

ab—rcd LTain ] '1.":'.-” i Tl | I. | Zp T dt
helicity sum rule (A*=0 gauge) Jaffe, Manohar; Ji; ... ™\
Eﬁ_< aE'JQCD| =§>_22 q_l_ _I_Z +
q
Z\ e 2 o ;f ST T M N S A ) R ) - k{h — f:ff)
ah—sed Tapin Y Thmin “p T {H-

STONY [
RN PH - ENIX
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