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Introduction

1 1

Q Proton spin structure, 3 . =352 A4+AG+L+1L,

- Proton spin puzzle (1988 EMC experiment)
- Global analysis, Ag~ 25%,Q* =10 GeV*[PRL101:072001,2008]

- AG not well constrained by fits to pDIS , g,(x, Q?), at this time

d Polarized p+p collisions for AG measurement

- 1%, jet , direct photons etc.

- double helicity asymmetry (A;;)

G'_|__|_ — G'_|__
ALL —
O44 + 04

Q Inclusive n° at mid-rapidity (|n| < 0.35) is PHENIX main
channel for the determination of AG at this time.
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Extracting AG from A,; measurements

Q Theory interpretation of A, ,

Arr — Of+ — 04— Za,b,c:q,a,g Afe 0 Afy® Ao ® DW/C
LL —

Oyy + 04 Za,b,c:q,a,g fa@)fb@&@Dﬂ/c

- pol. (Af) and unpol. pdf’s (f ) from DIS (mainly)

- pol. (Ao) and unpol. (o) hard scattering cross section from NLO
PQCD

- fragmentation functions (D
pp

e ), from e e, Semi Inclusive DIS and

Fraction of n¥ produced

Q Three processes contribute to A,

gt

0.5

AgAqg ..

0.3

App o~ a,%,/_\g2 + b,,AgAq + ¢

qq

- Need to make sure pQCD, factorization,
universality in pdf and fragmentation WORK

0.2

0.1
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Relativistic Heavy Ion Collider
(RHIC)

Q Data accumulation in longitudinally polarized p+p Runs

a 2005+2006 ~ 200 times increase in FOM than 2003+2004
02009 run at Vs =500 GeV , L *~ 13 pb'!, P ~40%

0 low Vs run for better sensitivity to large x

Longitudinal L [pb] FOM

Year | Vs [GeV] | (recorded) | Pol. [%] (PAL)

2003 200 0.35 27 0.0019

2004 200 0.12 40 0.0031

2005 200 3.4 49 0.20

2006 200 7.5 57 0.79

2006 62.4 0.08 48 0.0042

3202010 2009 200 14 57 1.2




PHENIX Detector

2008 PHENIX Detecto :
e 0, n, vy detection

e Electromagnetic Calorimeter (PbSc/PbGl):

 High p; photon trigger to collect s, n’s, y’s
* Acceptance: [n|<0.35, ¢=2 x ©/2
e High granularity (~10*10mrad?)

TO!

T/
e Drift Chamber (DC) for Charged Tracks

e Ring Imaging Cherenkov Detector (RICH)
* High p; charged pions (p>4.7 GeV).

Beam View

Uy 1 Central Magnet

Luminosity (Global) Detectors
e Beam Beam Counter (BBC)

N o * Acceptance: 3.0<n<3.9
e Zero Degree Calorimeter (ZDC)
* Acceptance: 2 mrad about beam axis
South Side View North
3/20/2010 Swadhin Taneja Progress in High-pT 6
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Cross section results from PHENIX

Q @V, direct y cross section

Direct y @ 200 GeV

PHENIX Preliminary

NLO pQCD
(by W.Vogelsang)
CTEQ 6M PDF

u=1/2py,pr,2pr

—~——
PH ENIX

XS
o
N
K Quark-Gluony
Compton § | . . .. . 1.0

q&%—%—&é

m° @ 200 GeV (PRD76, 051106)
— 107 [ E
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mn,_ 10 i\\l' .,%10-2 Y m -g' B
B 402 ' o) % 5 10°
B 10 " o L™ 5 10 =
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{1'h) » 104 - - [
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10 R 1 Bl TP TAPPT TOPIN PYYET TSUTY THTA JETPIPPETY FYPHI TP 10 E
& 005 115 2 25 3 3.5 4 45 -
10 P, (GeVic) |
- .
10 1
7 =
10 NLO pQCD ==
1 O-a (by W.Vogelsang) B
CTEQ6M PDF; KKP FF 10 =
10° u=pJ2, p.2p, = =
f=] = 11 I 111 I 11 1 l 11 I L1 1 l 11 1 [ 11 1 l 11 1 l 11 I I 11 l-\- EI 4_
8 1E g 9.7% normalization uncertainty g
=) S - is not included =
g o0s5- / A e = %2
R g ———— ?
= E . . . : : : . . L] ) 2
0 2 4 6 8 10 12 14 16 18 20 g.

P, (GeVic)

4 6 8 10 12 14 16 18 20 22 24
p:[GeV/c]

- NLO pQCD shows agreement with the cross section data
- Ready for the extraction of AG usin

3/20/2010
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Measurement of ©° A, ;

a Well developed method
-2003 (PRL 91, 241803)

Q n°yield measurement

Red : Signal+BG region

10* Blue : BG region

10’

0
n pT wBG

10° 2 GeV/e ~20%
-7'EO—>'Y'Y BR ~98.8 % 5 ~8
. . . 10 ~5
- Combinatorial BG fraction 10 (s = 200 GeV)
WBG _ NBG / (NBG + Nn) 0 605 01 015 02 o203 M?Tf’ige ;;254

mao = 251 Es(1 — cost)

AT +BG 1BG
' ] o A — wpgA
- signal A, is corrected for background A;; A7, = —= LT

Q A;; measurement

1 —wpa
s s 1 Niy—RN,_ R — Ly
Ty +J+_ PBP}»’ ﬁ'r+++Rﬁ'T+_? | _L_|__

j‘lLL —_

- P5, Py (~55%) beam polarization , less than 10 % relative error in Py.Py
- R : relative luminosity, d,;; =2 x 10*1in 2005, 7 x 10-* in 2006
- N., (N, ) nyield with same (opposite) helicity of colliding beams

Swadhin Taneja Progress in High-pT
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n’ and n asymmetry results from PHEN]

X

) _IO'OG B ——— GRSV std (AG=0.24) 0.005|
0 TCO ALL at 200 GeV < - """ GRSVAG=0 7 og&ﬁ
. . . 0.04 [t GRSV AG=-1.05 -
- high statistics measurement S 752253
B ® Run-6 P, (GeV/c)
- 2005: PRD76, 051106 0.02- [
- 2006: PRL 103, 012003 (2009) I
ok S
-0.02- @
I L I L I L I L 1 L I
2 4 6 10 12
0'15' & PHENIX Runs pT (GeVIC)
0'1:_ 1 E and ° Subprocess fractions
PHTEN | 11 s s Q nat200 GeV
0.05 : ! ..
i w:_cc%a :vn:nl = a0 bsg ' = Ana|y5IS S|m||ar tO TCO
0—1—»—% o NG - .
+ =1 N e -Fractional sub process
[ ME N % .
005t . o ~ differ somewhat
01 “ ol - Independent confirmation
- 0.1F _
e e S I 2w SN ST of AG
pT (GBV’C) 2 3 L} 5 6 1 8 9 b (Gl!‘]fc}
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", m and y asymmetry results from PHENIX

A Charged pion at 200 GeV mé—

- Favored/Disfavored FF
- different g contributions

for ",

0, T

—> access sign of AG

f 0 —
AT; > A7 > AT = AG >0

:TI'l‘
LI

0 —
<A <A7; => AG <0

Prefiminary Run-05 E
ox* 0.15} n

n + Preliminary Run-04 B - Preliminary Run-06
0.1 — 7t
085
[ s
( 0 — 1
i 4 g=ginput B | 4 g= g input
Ag = Zero [ y g =Zsro
b GRSV -std -I}.USI:— GRSV -5t
Ag =-g Input [ ) g il
-0.1 01—
A, scale uncertsinty of +B.3% (Run-06), t40% [Run-05) not included) E A, scale uncertainty of -5 3% (Run-06], + 4% (Run-05} not included
-0.15 e Lo by by b e by [/ I |1 T ST USSR ST S T — "
4 5 6 T 8 9 10 4 5 6 7 8 9 10
pT[GeV/ic] pT[GeVic]

0.4

0.2

0

0.2

-0.4

8.3% scale uncettainty
9.7% scale uncertainty net included
A1 I L i 1 I i L L I i L 1 I i L

PH -ENIX

ngt included

Run 5 PHENIX Preliminary
Run 6 PHENIX Preliminary

6 8 10

Q Direct photon A;; at 200 GeV

- quark gluon scattering dominates
- clean channel, isolation cut, linear in AG
- higher statistics needed

. —>—— AN, 7

Quark-Gluony ¥

Compton q-qbar

Annihilation

« g

Progi
s at R

q q




Constraining AG

O Vary AG in GRSV fit, generate A, , calculate y* for each

expectation curve, plot profile.
PRL 103, 012003 (2009)

g"j; R 20_ - —— Stat Only
-{-'70,-17 - == 3AR
%n.zf 2 - AR
j: i AY“=9 == +AP
0.2 15 AP
10-—
5 I lw. B \ l g P, (GeVic)
[ RN -1.5 -1 0.5 1 1.5
p, (GeVic) AGET:E:? ’0'3]( 2-4 GeVz)
- x? profile is asymmetric so Ay?> =1 and 9 (1o and 30) are
PN AR he statistical uncertainty :
[0.02,0.3] +0 .
AGensy = 02+ 0.1 (10) and 0.2103 (30)
Swadhin Taneja Progress in High-pT 11
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Experimental Uncertainty
PRL 103, 012003 (2009)

: : L A i i§: == Stat Only
d Systematic uncertainty I 3 § - R
EE It = AR
° ° i sz=g lll;l-l ! lIllIllIlIlIIlIIlIIllI: :IIIT.- +
- The two primary systematic .y T } i

uncertainties are from polarization
(AP) and relative luminosity (AR).

10

- The polarization uncertainty is BN
insignificant when extracting AG. L
L AG=-1.05 AG=0" "std {b)
= Uncertalnty 1n relatlve lumanSIty 5_I PR S R N T U S M A A A A A B B
, o 15 =1 =05 0 05 1 15
while small 1s significant when AGED0 0ny gyt
extracting AG.
Systematic uncertainty gives an additional +/- 0.1
Swadhin Taneja Progress in High-pT 12

3/20/2010 physics at RHIC



Theoretical uncertainty

a PDF functional form dependence as a function of x.

Q Theory energy scales, u (factorization scale, fragmentation
scale and renormalization) dependence.

Q Uncertainty in fragmentation functions (DSS, KKP).
Q Strong coupling constant uncertainty dependence.

Swadhin Taneja Progress in High-pT
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Uncertainty from parameterizations

Published best fit

3/20/:

Group AG A @[0.02,0.3]

GS-C 0.95 0.18
DSSV -0.05 -0.03
LSS 0.60 0.37
GRSV 0.67 0.38

BB 0.93 0.67 |

1 Taneja

physi

-0.02

-0.04 !

A The gluon polarization
distribution as a function of x
from five fits to polarized DIS

data.

—0.7 < AGI0-02,03] ~ 5
PRL 103, 012003 (2009)

20 .
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Theoretical uncertainty (Energy scale dependence)
 PRL 103, 012003 (2009)

- - 0.03 W, 2 ——
[ ™ @ 200 GeV (PRD76, 051106) _ | NzF'
P 1°=(2
“-:‘> 10 = 'E 10 " - 1"|:ﬂl ~ ) 1-(p 2)
3 ] _E 1= '-' - (T["""TE_)IZ L AX =
0.2, C" R
Tao107E & 3 “-'.'f"._ 15
102k % B 5 -
0.0 w0t " I
- 10 - i
= m-sn;' R TS e I
0- 10 P, (GeVic) L
10°® 10
0 0' 10-? NLO pQCD -
L -8 (by W.Vogelsang) 1
10 CTEQ6M PDF; KKP FF - Ay=
10° u=pJ2, p.2p, 3
E 11 I 111 I 11 1 l 11 I L1 1 [ 11 1 [ 11 1 l 11 1 I 11 I I 1 J‘l B
g 1 E_ ""'\\‘ _g-?%t"‘_or'rad"zdation uncertainty 12 1 5| | | | ‘1 | | | | 0| 5I | | | 6 | | | | 0'5 | | | | 1| | | | I1 5
2 S s is not include =1, - =(),
Sost ;e . - | Te) g0 o
L e~ e— T Gopsy (1 4GV)
g

0 2 4 6 8 10 12 14 16 18 20
P, (GeVic)

Uncertainty from scale 1s small (0.1) for the positive values of
AG but 1s sizable for negative values.
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Extending x range

O To measure AG, need as wide an X range as possible.

- We can extend our X coverage towards lower X at \'s = 500
GeV. -2 Run9

- We can extend our X coverage towards higher X at Vs = 62.4
GeV. - Runb6

0.5

Extend to lower X at Extend to higher|X at \s
\s = 500 GeV = 62.4 GeV

4= =)

present (n0)
X-range
Vs = 200 GeV

__u-s_ 1 1 IIIIIII 1 1 lll 1 1 11 1 11
10 102 10 1

Swadhin laneja Progress in High-p|
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E-d'oldp}(mb-GeV>c®)

(Data-QCD)/QCD

Cross section results from PHENIX

% @ 62.4 GeV(PRD79, 012003)

10 .

(1
10'1é p(}cﬂ) j1:apf

, E MRST2002 PDF; fDSS FF
I2H. ~NLL
10°F —NLO
104§
10°F
10°F
107F a) | | |

b)NLO
‘4 I~ /\/\/
2 B & -
' ¢ -l
0 L
¢) NLL

4 -
0 e e e

0 B 4 5 8

P, (GeVie)
3/20/2010

E*d’c/dp® (mb/GeV?)

(Data-QCD)/QCD

physics at RHIC

m° @ 500 GeV (2009)

10% scale uncertainty
is not included

" at mid-rapidity\s=500 GeV

CTEQ6MS, DSS: u=p_/2,p_, 2p_
{calc. by W.Vogelsang)

_"‘-..?_._— =
PH  ENIX

Preliminary

1 L ais J 1 1 1 1 | 1 1 1 1

pp=tbfe " Te

IIIIIIIII IIIIIIIII|
-

fwmnimmmaw B

Swadhin Taneja Progress in High-pT
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Extending x range to large x

PRD79, 012003
J 0 A 24 S 0l - )
n LL at 6 GeV = ol —— Run2006 624Gev AGeV)
- clear statistical improvement | —— Run005 200Gev s
- VY e
at large x 00al o
. o e e B = 6\]’\“ 1)
- increased sensitivity to large 002 -
- =" __.:)___
0 [ &=y
X (0.06<x<0.4) E
-0.02
- overlap with 200 GeV A, oof | 2 S g o7 & peeer],
providing measurements at 0 002 004 006 008 0.1 012
X7
same X, but different py
- a preliminary version of this E
-0_
data set already a part of a - o ST s
' — GRSV Ag = -g
global analysis p TS * A
L s = 62.4 GeV
- Charge hadron at 62.4 GeV E R
3/20/2010 Swadhin Taneja Prc -0'15_
physicsa  gsi-plpi S e s o e et

4.5 5
P, (GeVic)



Incl. 70 Vs=62, 200 and 500 GeV n~0

Based on real efficiencies and yields from PHENIX data (Run6 and Run9)

ALL

0.015/4

0.01

0.005

PHENIX: pp — n%+X

62 GeV: 5 pb” 60%
M 200 GeV: 50 pb™ 60%

-
|
<  PHENIX: pp — n°+X /
GRSV-std - @ 500 GeV: 300 pb™”' 50%
0.01—W 200 GeV: 50 pb™ 60% /

0.005

3/20/2010

/

GRSV-std

0.15 0
xT

A.Bazilevsky,
RHIC Spin: Next Decade
physics at RHIC Berkeley, Nov 20-22, 2009
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A global analysis approach
(DSSV)

Swadhin Taneja Progress in High-pT
physics at RHIC
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Input World Data

Q Data Selection:

experiment data data point
type fitted

. | SMC SIDIS, h* 48
semi-inclusive DIS data HERMES e .
. - = 4 -+ x

so far only used in DNS fit b !
_ SIDIS. K 27

| flavor separation COMPASS SIDIS, ht 24

TOTAL: 467

467 data pts in total (10% from RHIC)

Marco Stratmann, Spin’08

Swadhin Taneja Progress in High-pT 21
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Global Analysis Setup

Q Parametrization defined at Q,> = 1 GeV?

possible nodes

cAfj(x,1GeV) = N;z% (1 - z)Pi [l + kiv/z + "}’j:}ﬂ]

input scale

for sea quarks and delta g , simple forms k; = 0.

Q Positivity a basic assumption,
Ao <o Af[<f

Q assumptions on parameters unless data cannot discriminate,

impose: Qy = Oy 1y aF= a5 =0y g
As = AS
Do a fit !!

Swadhin Taneja Progress in High-pT
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PDFs results and uncertainties from global

analysis
S rm 0.05
. i Pt [GeV] 1 x(ad = Ad)
002 —— 117 - ’
C ] 005
0.01 F % =
0 C ] 01
N . -
0 E Bk | i
ALL C ¢ T ¥ [|] ] . 015
001 - 0 PHENIX E 002 I I 0.02
- 4 PHENIX (prel) .
002 L— | L1 [ L1 I s | . 0
0.05 :— —: 40-02: :4}.02
jet C i JD'M-_........ o e m”“_Jo.m
ALLH - . 002} o
r — DSSV . i
005 | = DSSVAy=1 ]
- | DSIS? ‘?‘x_"'l?:_%. | I 1 1 | 1 1 .
10 20 30 o0l =l
Pr [Ge‘f] [ RRR2 Ay’=1 (Lagr. multiplien) [ ]
e[ T Ay~ (Hessian) 1k @*=10GeV? da1
T T I PO
3/20/2010 Swadhin Taneja Progress in High-pT
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From A, to AG (62.4, 200 and 500 GeV)

Non PHENIX exercise

Q Calculate n° A, based on best fit Pdfs from DSSV.

Q Formulate a y2 using projected uncertainties, from real
efficiencies and yields from PHENIX data (Run6 and Run9),

and the above calculated A, as experimental data .
Q Do a global analysis with this ¥? and get the best fit for AG.
Q Use Lagrange Multiplier to find a Ay? = 1 uncertainty.

X!Q _ X2 A Af[a,b] Af =AY, AG
b

Afet = [ deAf(x,p?)

a

Swadhin Taneja Progress in High-pT
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x DeltaG

AG projections based on DSSV

0.06 -
200 GeV bestfit lag=0 dG=0.04 —— I -
0.06 200 GeV Dchi2 =1 lag=-25 dG=0.12 —
) £ 200 GeV Dchi2 =1 lag=12 5 dG=0.11 —— /\
SEEEGG! 0.04 L pl besthit lag=0 dG=0.01 / . 1
- pl Dchid =1 lag=-15dG=0.16 —— )
el pT Dchi2 =1 lag=9 dG=-0.19 —— _ /
0.02 b 0oz b e I." i
0 .,--"‘/ ;; '
T 0 of gy
4]02“‘*-—-.._% e i
_________ ) / {
----------- o — ,
004 = -0.02 . i
-0.06 . / i
ENE e . .-"l ]
sl o /
0001 / 200 GeV (50 pbt,at57%)
006 ) / _
%)
_U_DB 1 1 1 1 [ R | 1 1 1 1 1 [
0.001 0.01 0.1 1

X

Caution : The true uncertainties are only in the measured x region .

Swadhin Taneja Progress in High-pT
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Other plans

a Forward rapidities at PHENIX : MPC, FOCAL
. access low x and large x simultaneously x, = ﬁ(e” +e’*)
 With y-jet (or possibly y-ntY), one could X, =L (g7 e
extract Ag(x)/g(x) at LO Js

A Silicon Vertex Detector for PHENIX

. gluon spin (AG) with heavy flavor A, ; —»F:g
- 1mproved x determination in y-jet

A, for AG = Q

Swadhin Taneja Progress in High-pT
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Summary & Outlook

0 PHENIX =V data offers strong constraint on AG as found by
DSSV.

Q Other probes also can constrain AG, and will be used 1n future
global fits.

a 200 GeV data from Run9 and future runs will further
significantly constrain AG.
a AG at lower X range (X<0.02) 1s presently being explored with
Vs = 500 GeV at RHIC (2009 polarized pp run).
- Future measurement at 500 GeV will help constrain AG
given > 50%

Q It 1s much too early to claim that AG=0, as uncertainty in range
0<x<1 1s large

Swadhin Taneja Progress in High-pT

3/20/2010 physics at RHIC

27



3/20/2010

Back up

Swadhin Taneja Progress in High-pT
physics at RHIC

28



Selecting x with rapiditv cuts

etapi x2 623 | FOCAL
0 Triggered n0

x2 coverage in PHX detectors |

250

MPC|
FOCAL| “Gas
S

200

EMC

150

100

50

43355 T2 a3 T4 s )
looixN
| X1 coverage in PHX detectors | -3
3 3.5
350
3002— -4
2502— TCO
200 _ T y y
g X, =—=(e” +e’)
150
100 S
E _ T -y y
X, =—=(e " +e)
45 3 35 3 43 - 05 ) A / S
log10(x1)

*Above plots are for jets into the acceptance of the specified detector and for p;>2.5 GeV.
*The more forward one goes, the lower one can go in x. Also note one selects also a higher x parton along with
the lower x one, simultaneously, so going forward isn’t just low x — it's broader x coverage.
*FOCAL.N statistics for pt>4 GeV jets is 3x EMC and also 3x MPC.
*Two FOCAL would have 6 times the statistics of the EMC
*PYTHIA tells us if we measure the energy and rapidity of the 2 jets in a dijet we can explicity measure x with a

best rezz%l/uzt(i)og on the x of ~20%. We need:to feldiin therdetector nesolution to determine the final x resolutizogn.
« The forward detectors cover from x ~ 108 to x ~ 1 phyAn=order of magnitude lower in x than without them. 29



Silicon Vertex tracker (VTX & FVTX)

Available in 2011/12

VTX barrel |n|<1.2

X, :%(e’“ +e’74)
_ P
e

FOCAL: pr and nypeton
VTX: Ny

X, (e‘”3 HE

Q:gorb

. Rejects hadronic background

c/b separated measurements

9 Q
FVTX endcaps
1.2<|n|<2.7 May be luminosity (and polarization) hungry
3/20/2010 mini StripS Swadhin Taneja Progress in High-pT i,
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Relative Luminosity

e R=L,/L,. ;L=Iluminosity.
* Luminosity is given by the number of BBC triggered events (Nggc)-

* For estimate of uncertainty, measure A, in the ratio of our two luminosity
detectors

r(i) = Nazpc(i)

Neec(1)
Year [GeV] SALL
2005 * 200 2e-4
2006 * 200 7e-4
* Longitudinal
3/20/2010 Swadhin Taneja Progress in High-pT
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x [ B8 224GeV2  (a)
o 0.6— - LSS H=
4 o GRSV T
x — = GS-C eesssasasesas
04— ~ - Dssv in?ng e
P 4 u‘ b 44
0.2 :— e —— —_— o . 3 3aissaat it liie 45+ *¥ h
& 4 4 ‘ '\ bt 4
0 _______________ '--: —
2 T (b)
g’ 0.04— 2¢PT<2.5 GeV/c s e,
% ....... 4<p <5 GeVic ' o ok
% 0.03— ... 9<p <12 GeVic : -a - 5
0.02 - Fom, B0
0.01— < ] ’
015 = 200 GeV
10°° 1072 107

e NLO pQCD calculation of x distribution for 3
n° p; bins.

Swadhin Taneja Progress in High-pT

3/20/2010 physics at RHIC



v> distribution vs. AX (x range 0.001, 1)

2 (TE_EE)Q b b
e X'=D s vs AN = [ deX(e = 10GeV?)

) a
3935 T T 025 T T T T T I.I T T T T T LI
chi2 vs DeltaSigma  + _ best fit lag=0 DSigma=0.366 ——
+ Dchi2=1lag=95 DSigma=0.35
3934 |- + . Dchi2=1 lag=-125 DSigma=0.381 --------
+
+ -
3033 | & - L
1
3032 -
015 F
3931 | 4
m
203 | ] %
g 01
3929 - 4 2
=
3028 | 4
0.05 |
3927 4
3026 - ok
3025 4 —
3924 ' ' ' ' L ' H -0.05 e e e
0.245 0.35 0.355 0.36 0.365 037 0.375 0.38 0.001 0.01 0.1 1

|
Kl

Swadhin Taneja Progress in High-pT
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