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Theoretical foundation

O Gluon polarization - Sensitivity
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Theoretical foundation

O Gluon polarization - Sensitivity
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Theoretical foundation

O STAR W program in e-decay mode at mid-rapidity and forward/backward rapidity

T = My e’V
1=
u /Au (d /Ad) ve (7.) 1 14 cosf* N
T Uy = yw + = 111 %
| + 2 1—cosf u
= ) ,V‘ Ii[{"f"") s lN+(W) _ N_(W) N\ N J Ty = We_yw
> - L = PN+W)+N-(W) yl Vs
Z2
+ (o~ M
e (e ) S : *
Ad /d (A /a) Pr =Pt sin w _
0.16
/s
W* W (PDF: CTEQ5M) 1 wW* W (PDF: CTEQ5M)
o~ 10 E ; : < = : :
O Key signature: High lepton % 9 ; .Total cross -section: 100.9pb .. % 0.9 - Total cross -section: 14;3pb .
YS9 $MIgn prep g 8 ; Total cross -section: 20, 5pb ,,,,,,,,, g 0.8 ;,,Total croSs sectlon,,,BOpb ,,,,,,,,,,
(6'/€+)(MGX. MW/Z) - Selection fi; 7 —- <Ve<1 rrrrrrrrrrrrrr ﬁI-OJ §1<Ve<2 """""""""
- @ — Pr>0Gevic T} 0.6 - Pr>0GeV/c ...
of W*/W-: Charge sign §- 5 | : S0e L i |
) g B :
discrimination of high p; ° g = 3
lepton 2 — —
O Required: Lepton/Hadron :) 3 | | 3 | o ihh
PP 0 20 40 0 20 40
discrimination p, (GeV) b, (GeV)
HEP / NP Seminar - SMU Total (Vs=500GeV) o(W+)=135pb and o(W-)=42pb

April 12, 2010 Bernd Surrow



Theoretical foundation

u /Au (d /Ad)

Z1
> &« wr (W)
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Ad /d (Au /@)

O Key signature: High p; lepton
(e/e*)(Max. M,,/2) - Selection

of W*/W-: Charge sign
discrimination of high p;
lepton

Required: Lepton/Hadron

discrimination

HEP / NP Seminar - SMU
April 12, 2010

O STAR W program in e-decay mode at mid-rapidity and forward/backward rapidity
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Theoretical foundation

O W boson kinematics relevant for STAR rapidity acceptance

pr>R0 GeV

O Leptonic rapidity inherits

relation to mean x

O  Forward rapidity:
O n0
O  <x1> larger than <x2>

O  Backward rapidity:
O n<O0
O  <xp> less than <x2>

O Mid-rapidity:
O n~0

O  <x1> similar to <x2>

HEP / NP Seminar - SMU
April 12, 2010

<X >

—0.02 _ _ B DSsV .

D. deFlorian and W. Vogelsang, hep-ph/1003.4533

2 0.5
0.4
1 03
1 o2
0.1

~1 0.0

0.01

0.00

] —0.01

] —0.02

—0.03
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Theoretical foundation

O AL behavior for STAR mid-rapidity and forward/backward rapidity region

HEP / NP Seminar - SMU
April 12, 2010
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Theoretical foundation

O AL behavior for STAR mid-rapidity and forward/backward rapidity region

HEP / NP Seminar - SMU
April 12, 2010

W p; >25GeV/c

deFlorian/Vogelsang (NLO)._ .-
DSSV08

1

-2 -1 0 1 2
Ye

W’ p, > 25GeV/c

RHICBOS (Resummation)

DNS-K
DNS-KKP

-2 -1 0 1 2
Ye

Calculations:
1) RHICBOS: P.M. Nadolsky and C.-P. Yuan, Nucl. Phys. B666 (2003) 31.

2) deFlorian / Vogelsang: D. deFlorian, private communications.
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Theoretical foundation

O AL behavior for STAR mid-rapidity and forward/backward rapidity region

)

>
< 04
0.2
0

A
AT ===
T <L To

HEP / NP Seminar - SMU
April 12, 2010

W p; >25GeV/c

deFlorian/Vogelsang (NLO)._ .-
DSSV08

HH g

:

-2 -1 0 1 2
Ye

W’ p, > 25GeV/c

. RHICBOS (Resummation)
. —— DNS-K
— — DNS-KKP

-2 -1 0 1 2
Ye

Calculations:
1) RHICBOS: P.M. Nadolsky and C.-P. Yuan, Nucl. Phys. B666 (2003) 31.

2) deFlorian / Vogelsang: D. deFlorian, private communications.
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Theoretical foundation

O AL behavior for STAR mid-rapidity and forward/backward rapidity region

W p; >25GeV/c

g - deFlorian/Vogelsang (NLO). ...
< 041 . pssvos w-  Ad
i AV ==
0.2 j_l_l_l_l d
— Au L I xr1 > o
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1 K T2 -0.2 ;
0.4
7\\\\‘\\\\‘\\\\‘\\\\
-2 -1 0 1 2
Ye
W’ p, > 25GeV/c
> " RHICBOS (Resummation)
< 04
I — DNS-K
0.2 ; —— DNS-KKP e A_@
r L d
Tr1 > T2
Au
AV =
L U
Calculations:
x1<<3:2 T I T TN [ O B i
-2 -1 0 1 2 1) RHICBOS: P.M. Nadolsky and C.-P. Yuan, Nucl. Phys. B666 (2003) 31.
Ye 2) deFlorian / Vogelsang: D. deFlorian, private communications.
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Theoretical foundation

O AL behavior for STAR mid-rapidity and forward/backward rapidity region
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O AL behavior for STAR mid-rapidity and forward/backward rapidity region
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Theoretical foundation

O AL behavior for STAR mid-rapidity and forward/backward rapidity region

W p; >25GeV/c

S - deFlorian/Vogelsang (NLO). ...
< 04 - ---- DSSV08
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HEP / NP Seminar - SMU
April 12, 2010
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1) RHICBOS: P.M. Nadolsky and C.-P. Yuan, Nucl. Phys. B666 (2003) 31.

2) deFlorian / Vogelsang: D. deFlorian, private communications.
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Collider: The First polarized p+p collider at BNL

O Performance

Absolute Polarimeter

/ (H jet)

RHIC pC Polarimeter

™~

%
°
O e

\ :\,f
: )

PHENIX

Siberian
Snakes

_ e Siberian
Spin Rotators Shakes

Partial Snake
\ Helical Partial

Pol / I “w «~ Siberian Snake
' W )
Proton 200 MeV/v : 2)
Source Polari- “,__/:«\ '
meter / '\ AGS polarimeters

Rf Dipole

&

Strong AGS snake

13

RHIC Lrecorded [Pb-I] Lrecorded [Pb-l] Polarization

run | STOeV] (trans.) (long.) [%]
RUN 2 200 0.15 0.3 15
RUN 3 200 0.25 0.3 30
RUN 4 200 0 04 40-45
RUN 5 200 0.4 3.1 45-50
RUN 6 200 3.4/6.8 8.5 60
RUN 8 200 7.8 - 45
RUN 9 |200 /500 - 25/ 55/ 40

O Long 200GeV production runs at /s=2006GeV (long. polarization): Run 6 / Run 9

O First collisions of polarized proton beams at /s=5006eV (long. polarization): Run 9

HEP / NP Seminar - SMU
April 12, 2010
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The STAR Experiment |

O OQverview

O Wide rapidity coverage of STAR

Pions / Photons) system:

O FPD:-41<n<33
O BEMC:-10<n<10
O EEMC:1.09<n<20

O FMS:25<n<4.0

O BBC/ZBC: Relative
luminosity and local
polarimetry

O BBC: Minimum bias
trigger

- 1 (pT e (=m3) 4 (= m))
&EDE ][ BEMC [ ] DDDJ
calorimetry (Jets /Neutral P ﬁ
1 TPC
(=]
= S = %
BBC /|
FPD U FMS
%
FDEDSDDDDDDDﬂ
Key elements for STAR Ag(x) program: O TPC: Tracking and PID using dE/dx
O Higher precision on Ag(x) : Luminosity / DAQ for [n| < 1.3 and pr< 15 GeV/c
upgrade (DAQ 1000) g oy
O Sensitivity to shape of Ag(x): Correlation § :Z:,’ i
measurements = e
O Low-x region of Ag(x): 5006eV program /

HEP / NP Seminar - SMU
April 12, 2010

Asymmetric collisions (Forward calorimetry)

" log,i(p)

14
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AG - Recent result

15

S

O What is required experimentally to measure the gluon spin contribution?

O Double longitudinal-spin asymmetry: A

<

Versus

=€)

p+p—

® Study helicity dependent structure jets + v+ cc (bb) + X
functions (Gl larization)
unctions (Gluon polarization) P oys —0r_ 1 Nij—RN,_

O Require concurrent measurements:

Magnitude of beam polarization, Py,
RHIC polarimeters

Direction of polarization vector

Relative luminosity of bunch crossings with
different spin directions

e Spin dependent yields of process of interest N;;

HEP / NP Seminar - SMU
April 12, 2010

O'_|__|_ —I— O'_|__ - P1P2 N_|__|_ -+ RN+_

>

RHIC polarimeters

> STAR experiment

Bernd Surrow



AG - Recent results: Jet production

16

O TInclusive Jet production - Data Understanding - Run 6

10°

N o %:TAR I
10 H 2’6‘ Preliminary Run 6
10° ==

| | ¢
102< i Run-6 v [ ]
Data ¢

10+ MC S i

. | | P I8

20 40 60 80
pr [GeV]
1 i

O
= +
& s ¢
= 0100000°..§ +
o

©
Q

Preliminary Run 6

20 30 40 50 60

pT [GeV]

Jet Profile W(Ar)

1.0

0.8 1

0.6 1

0.4 4

0.2 -

1.0

0.8 -

0.6 -

0.4 -

0.2 -

26.19 < pT < 39.63 GeV

39.63 < pT <59.96 GeV_ |

igTAR

Preliminary Run 6

11.44 < pT <17.31 GeV

17.31 <pT <26.19 GeV |

Data

mMC

02 04 06 08

02 04 06 08

Ar/r from Jet Axis

O  Data correction based on PYTHIA MC samples
O  Good Data/MC agreement

HEP / NP Seminar - SMU
April 12, 2010

MC: Pythia 6.4 + Geant 3

39.63 < pT < 59.96 GeV

e %
L

.
0’ 40000

26.19 < pT < 39.63 GeV

¢
e
*
L ’q

o® *%000e

21.3 <pT <26.19 GeV

2

17.31 < pT <21.3 GeV

.
%:TAR *
t @
Preliminary Run 6 *
. %

11.44 < pT < 17.31 GeV.

Data "‘é‘ i

¢ MC *

" JERRNEL

—0.8<n<0.8

02 04 06 08
Neutral Energy Ratio Ry
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AG - Recent results: Jet production

17

O STAR Run 6 Cross-section result: Mid-rapidity Inclusive Jet production

10° 1 Inclusive Jet Cross Section
pp @ 200 GeV
Cone Radius = 0.7
10* 1 -0.8<1n<0.8
. e
% Preliminary Run 6
g 1
3 f Ldt = 5.39 pb~
= 10%1
©
5 2
& d“o
&
> 101 2ndprdn
N'O
1. e STAR Run-6
D Systematic Uncertainty
01 Theory
|| NLOpQCD + CTEQEM
- Had. and UE. Corrections

15 20 25 30 35 40 45 50 55
pr [GeV]

HEP / NP Seminar - SMU
April 12, 2010

‘C_’. e STAR Run-6 Systematic Uncertainty
O DGTG ar‘e We” i\{\— Theoretical Uncertainty
TAR
described by Preliminary Run 6
n
=1
NLOpQCDplus  §
'_
hadronization 2o
(0]
=
and underlying : I
€V€n1' vg Data-theory Comparison
of Inclusive Jet Cross Section f
. PP @ 200 GeV Ldt=5.39 pb”’
Cor‘r‘eCTlons o Cone Radius = 0.7
~1 -08<n<08
15 20 25 30 35 40 45 50 55
pr [GeV]
Pileup Timebin Luminosity JES
1.0 1 -1.0
TAR
0.5 Preliminary Run6 '\——-——'_‘J_ 0.5
0.0 + ~ el ] -0.0
e B [

-0.5 1 --0.5
10+ 1.0
20 30 40 50 20 30 40 50 20 30 40 50 20 30 40 50
pr [GeV]

Systematic Uncertainties
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AG - Recent results: Jet production

O STARRun b5/ 6 AL result: Mid-rapidity inclusive jet production

A, [ ¢ 2006 STAR Preliminary
0.1 | =— GRSV-std
‘L == GRSV Ag=g .
C --- GRSV Ag=0 /“’"
0.08F — GRSVag=g -
[ -- GS-C
0.06 )
0.04 f/

0.02

0.02— Online polarization

\I T | [ I
N\
n'.' \

------
-

1 1 I 1 1 1 1 I 1 1 1 1 I 1 1

10 15 20

STAR Collaboration, PRL 100 (2008) 232003.

A, systematics (x 10 -3)
Reconstruction + | [-1,+3]
Trigger Bias (p; dep)
Non-longitudinal | ~0.03
Polarization (p dep)
Relative
94

Luminosity o

1s* bin ~ 0.5
Backgrounds

else ~ 0.1
p; systematic +6.7%

O RUN 6 results: GRSV-MAX / GRSV-MIN ruled out - AL result favor a gluon polarization

in the measured x-region which falls in-between GRSV-STD and GRSV-ZERO

O Consistent with RUN 5 result (Factor 3-4 improved statistical precision for pr>136eV/c)

HEP / NP Seminar - SMU
April 12, 2010
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AG - Recent results: Jet production

O STARRun b5/ 6 AL result: Mid-rapidity inclusive jet production
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an—
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STAR Collaboration, PRL 100 (2008) 232003.
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Luminosity
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Backgrounds

else ~ 0.1
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O RUN 6 results: GRSV-MAX / GRSV-MIN ruled out - AL result favor a gluon polarization

in the measured x-region which falls in-between GRSV-STD and GRSV-ZERO

O Consistent with RUN 5 result (Factor 3-4 improved statistical precision for pr>136eV/c)

HEP / NP Seminar - SMU
April 12, 2010
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AG - Recent results: Global analysis

D. de Florian et al. PRL 101 (2008) 072001.

O Global analysis incl. RHIC pp data -

. I/I IIIIIII I I IIIIIII I \l IIII:
L/ \ -
[ T T T T | T T T | T JL | T i :/ XAg \ :
4210 — all data sets El PHENIX - 15 - \ .
Xt x-range: 0.05-0.2 1t g;rSII; ] AX? B B
405 | 1t : i .
C 1r 7] 10 : - :
400 [ 3t : B e
- | 1 10 — E .
395 | 1k : ; ]
: 1 | 1 1 1 | 1 1 1 |(a|) ] a |(b|)_ O : E- IIIIIIIIIIII :
02 0 02 02 0 02 - .
Ag1,[0.05-0.2] Agl,[o.os-o.z] " _
, , [ — — GRSV max. A .
O Strong constraint on the size of Ag from RHIC § o8 )
[ - -+ GRSV min. Ag ; -
daTa for 0.05<x<o.2 = 1 L1 1 1111 -2 1 L1 1 1111 -1 1 L1 1 111§
10 107
O Evidence for a small gluon polarization ove ' '
Evidence for a small gluon polarization over a o = 100Gev ¥ N -
limited region of momentum fraction 206 |- S
o“' a)

. A 04l -
O Important: Mapping of x-dependence and ozl P.=56Gevic i

extension of x-coverage needed! 0 — el
10° 10 10 !

Xgluon

HEP / NP Seminar - SMU
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STAR Collaboration, PRL 100 (2008) 2320083.

0.3

0.2

0.1

1.0
0.75

0.5

dN /d(log x)

0.25
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AG - Results: Di-Jet measurements

O STAR Run 5 Cross section result: First di-jet cross-section

— 10°

2005 STAR Preliminary

— 2005 STAR Data

O Unpolarized differential cross-section vs.

invariant mass M above 20GeV/c?2

|§

Systematic Uncertainties

do

ami (pb/GeV/c
2
%Ir N §

103 - . NLO Calculation (de Florian, et al.)
© NLO Theory pr'edic‘rions by D. deFIor'ian E S538683888¢ % NLO with Hadronization and UE Corrections
t al. using MRST2004 pdf-set with ( 2l —
et al. using pdf-set with (55%) 10§ |
and without (JJl]) Hadronization / UE -
10

Corrections over data inv. mass bins

1 p+p — Jet + Jet + X at \/s = 200 GeV
O Statistical uncertainties are shown in

= Roone =0.4
 0.2<n<0.8,IAnI <0.5
(=) 107 1A¢1 > 2.0
- 10°|/o Normallization IUncertailnty (not includeld) | | |
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( ) é 1;— -------------------- Scale Uncertainty on NLO, u = 2M, M/2
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8 O —
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. . 3 L LR TILE AL
theory scale uncertainties o050
:II|||||II|IIII|IIII|||II|IIII|||II|IIII|IIII|III
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HEP / NP Seminar - SMU Invariant Mass (GeV/c?)
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AG - Future prospects: Di-Jet measurements

O Run 9 STAR Beam-Use Request (BUR): Di-Jet projections

Lo . STAR East Barrel - Endcap STAR West Barrel - Endcap
O Substantial improvement in Run 9 0.06 0067
0.05 &Cgsgg stg3 NG — 0.05 - p+ 5’—>jet3+ jet,+ x -----------
. . F|— m S C = H
from Di-Jet pr‘oducflonl 200GeV 004F| —GRsVzero {1 ey @ | 004f. V$=200GeV 1.
F | — GS-C(pdf NLO) == : o : : : g
A 0.03F| @ 50pb" P=60% |- R R— A 0.03F
. . . LL : 5 : : : LL ¢
Run JLIST started: Apl"l| 21, 2009 - 0.02f | 0.02}
001 001}
June 28, 2009 (Recorded: 1/3 of 0 e oF-
4 1 -0.01—10<n3<20 10<T]4<o-" ---------- -0.01:
Run9FON\=PL~65pb') 2002 i -0.02F '
0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.10 0.15 0.20 0.25 0.30 035 0.40
M/Ns M/N's
STAR East Barrel - East Barrel & West - West STAR East Barrel - West Barrel
O Good agreement between LO MC 0.06 f————— 0.06——————————
0.05 E 0.05 - Scale uncertainty ~ |i i
) ) R 5 F| D GRsV std
evaluation and full NLO calculations 0.04f . [C1Dssy
0.03f | |
" ALL
T1 0.02
M = \/x1x28 773+774=1I1x— .
2 e
0; . . H H N
1 / )/]( )}]) _001:_ 1<l’r]3<(l) 1<;r|4<0' ..........
T1(2) = —#= (Pl e +])/ e ) Y TV DL U T T 002t
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W production results: Algorithm I
O W reconstruction - Algorithm : Idea
o€
R,
> . 29 I@ <
\

p ,De p C.::x:hq l

14
N | |
, /

HEP / NP Seminar - SMU

April 12, 2010 Bernd Surrow



W production results: Algorithm I

O W reconstruction - Algorithm : Idea
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O W reconstruction - Algorithm : Idea

W production results: Algorithm l

’6
A,
s |

|

sum only
jets

0 nearCone oy
®" \ delR=0.7 —
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W production results:Trigger / Data taking

O STAR Data sample Run 9 / 5006eV and W Trigger

| |

10° BTOW ADC, all towers
10° S 2009 STAR data

100K L2W-trig events

10?

10

L,

25-45% GaV[Hl

7.3 GeV
13 GeV

W-trigger:

LO: HT Er> 7.3 GeV

L2: 2x2 cluster Et> 13 GeV
Rate: Few Hz

Acquired during longitudinal
pol. @ STAR:

0O ~103 DAQ hours
0O ~1.6M W-triggers

HEP / NP Seminar - SMU
April 12, 2010

First STAR W analysis based on:
BTOW and ETOW (Veto cut only)

; S T - e -

R

=

> =

and TPC
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W production results:Trigger / Data taking

O STAR Data sample Run 9 / 5006eV and W Trigger

|

|

10*

BTOW ADC, all towers

10?

10

7.3 GeV

13 GeV

2009 STAR data
100K L2W-trig events

25-45% GaVIA

First STAR W analysis based on:
BTOW and ETOW (Veto cut only)

e T rz oz - -

L,

R

=

W-trigger:
LO: HT Et>

7.3 GeV

L2: 2x2 cluster Et> 13 GeV
Rate: Few Hz

Acquired during longitudinal

pol. @ STA

R:

0O ~103 DAQ hours

a~1.

6M W-triggers

HEP / NP Seminar - SMU

April 12, 2010

2500 3000 3500 4000

> =

rawAdc-ped

Vernier scan method used to measure

the cross section for BHT3 trigger:
opaTs = 481 nb £+ 10nb (stat.) &+ 110 nb (syst.)
From the background subtracted and TPC

triggers and the cross section, get:

Integrated luminosity = 13.7 pb!!
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W production results: W event

O Event display (W event candidate) and detector signature
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W production results: W event

O Event display (W event candidate) and detector signature
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O Event display (W event candidate) and detector signature
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W production results: W event

O Event display (W event candidate) and detector signature

BTOWY response

600Z |udy
A®D 00s d+d

31ep|pued JUSAT-p ¥V 1S

Y Wi 1
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W production results: W event

O Event display (W event candidate) and detector signature

We found
~600 of those
kinds of
events!

HEP / NP Seminar - SMU
April 12, 2010
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BTOWY response
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W production results: QCD Background event

O Event display (Di-Jet event candidate) and detector signature

HEP / NP Seminar - SMU
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W production results: QCD Background event

O Event display (Di-Jet event candidate) and detector signature

6007 |Hdy
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W production results: QCD Background event

O Event display (Di-Jet event candidate) and detector signature

We recorded
and rejected
~1.5M of those
kinds of eventsl!

HEP / NP Seminar - SMU
April 12, 2010
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W production results: Z° event

O Event display (Z event candidate) and detector signature
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W production results: Z° event

O Event display (Z event candidate) and detector signature

HEP / NP Seminar - SMU
April 12, 2010

26

Bernd Surrow



W production results: Z° event

O Event display (Z event candidate) and detector signature

We found

a handful
of those
kinds of
events!

HEP / NP Seminar - SMU
April 12, 2010
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W production results: Lego plots

O Lego plots - STAR BEMC/TPC  BEMCE Distribution (GeV) TPC p, Distribution (GeV/c)

W event

Di-Jet event

HEP / NP Seminar - SMU
April 12, 2010
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W production results: Algorithm Details I

O W reconstruction - Algorithm : Details (1)

Transverse plane view

nearCone
delR=0.7

awayCone
delPhi=0.7,

HEP / NP Seminar - SMU
April 12, 2010

TPC ET sum/cell, maxZ=20 GeV/c ERtISS 0
Integral 27.37
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event eta
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W production results: Algorithm Details

O W reconstruction - Algorithm : Details (1)

General:

TPC ET sum/cell, maxZ=20 GeV/c ERtISS 0 o SC'ZCT LZW_ET Trlggered events

e O Select vertices with |Z]|<100 cm

= 0
o 3
. d
]
2l = .
. I PP 6
Transverse plane view j
: u —14
AL
nearCone 5
delR=0.7 _ "
o [
awayCone L '
delPhi=0.7 L . !
P :
3 .
2
-3|_llllllllllllllllllll.lllll

-1 -0.5 0 0.5 1

event eta
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O W reconstruction - Algorithm : Details (1)

Transverse plane view

nearCone
delR=0.7

awayCone
delPhi=0.7

HEP / NP Seminar - SMU
April 12, 2010

TPC ET sum/cell, maxZ=20 GeV/c ERtISS 0

Integral 27.37

0
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W production results: Algorithm Details I

General:
O Select L2ZW-ET triggered events
O Select vertices with |Z|<100 cm

Electron isolation cuts:

O Electron candidate is any primary TPC track with global
Pr+>10 GeV/c

O Extrapolate TPC track fo BTOW tfower

O Compute 2x2 tower cluster Er, require Et sum > 15 GeV

O Require the excess Et in 4x4 tower patch over 2x2 patch
to be below 5%

O Require distance of 2x2 cluster vs. TPC track below 7 cm
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O W reconstruction - Algorithm : Details (1)

Transverse plane view

awayCone
delPhi=0.7,

HEP / NP Seminar - SMU
April 12, 2010

\ nearCone
\ delR=0.7

TPC ET sum/cell, maxZ=20 GeV/c

Entries

Integral 27.37
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event eta
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W production results: Algorithm Details I

General:

O Select L2ZW-ET triggered events
O Select vertices with |Z|<100 cm

Electron isolation cuts:

O Electron candidate is any primary TPC track with global
Pr+>10 GeV/c

O Extrapolate TPC track fo BTOW tfower

O Compute 2x2 tower cluster Er, require Et sum > 15 GeV

O Require the excess Et in 4x4 tower patch over 2x2 patch
to be below 5%

O Require distance of 2x2 cluster vs. TPC track below 7 cm

Near-cone vete:

O© Compute near-cone Et sum of BEMC+TPC over AR=0.7 in
eta-phi space

O Require near-cone excess Et below 12%

28
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O W reconstruction - Algorithm : Details (1)

TPC ET sum/cell, maxZ=20 GeV/c ERtISS 0

Integral 27.37

run10096008 evelD=1 0359:1_ .zVer0=-1Z {11}

Saf
. d
|
2f m "y ]
Transverse plane view j
: u 4
AL
O nearCone -
"‘"~.,,\de|R=0.7 | 2
\ R
] o [ ' 10
awayCone o :
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2
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event eta
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W production results: Algorithm Details l

General:

O Select L2ZW-ET triggered events
O Select vertices with |Z|<100 cm

Electron isolation cuts:

O Electron candidate is any primary TPC track with global
Pr+>10 GeV/c

O Extrapolate TPC track fo BTOW tfower

O Compute 2x2 tower cluster Er, require Et sum > 15 GeV

O Require the excess Et in 4x4 tower patch over 2x2 patch
to be below 5%

O Require distance of 2x2 cluster vs. TPC track below 7 cm

Near-cone vete:

O© Compute near-cone Et sum of BEMC+TPC over AR=0.7 in
eta-phi space

O Require near-cone excess Et below 12%

Away-'cone’ cuts: pr balance requirement

O Vector sum > 15GeV/c of: 2X2 tower cluster prand pr of
any number of jets outside near-cone

O Evof jet > 3.5G6eV
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W production results: Algorithm Details

O W reconstruction - Algorithm : Details (2)

HEP / NP Seminar - SMU
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W production results: Algorithm Details I

O W reconstruction - Algorithm : Details (2)

O Lepton meas. in TPC (direction) and in BEMC (energy)
O TPC & BEMC matching

O Suppress QCD background

O BEMC cluster isolation
O Near-side veto
O Away-side veto

Transverse plane view

. nearCone
delR=0.7

awayCone
delPhi=0.7.
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W production results: Algorithm Details |

O W reconstruction - Algorithm : Details (2)

Select 2x2 cluster 4x4
O Lepton meas. in TPC (direction) and in BEMC (energy) with highest Ev sum, @
must contain tower
O TPC & BEMC matching -

pointed by the track

O Suppress QCD background

O BEMC cluster isolation
O Near-side veto e)ﬁ“o‘)v gf"d
O Away-side veto B\ <0

Transverse plane view

nearCone
delR=0.7

awayCone
delPhi=0.7.
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W production results: Algorithm Details

| 29

O W reconstruction - Algorithm : Details (2)

O Lepton meas. in TPC (direction) and in BEMC (energy)

O TPC & BEMC matching

O Suppress QCD background

O BEMC cluster isolation
O Near-side veto
O Away-side veto

Transverse plane view

O
(,'d nearCone
delR=0.7

awayCone
delPhi=0.7,

HEP / NP Seminar - SMU
April 12, 2010
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W production results: Algorithm Details

O W reconstruction - Algorithm : Details (2)

O Lepton meas. in TPC (direction) and in BEMC (energy)

O TPC & BEMC matching

O Suppress QCD background

O BEMC cluster isolation
O Near-side veto
O Away-side veto

Transverse plane view

delR=0.7

awayCone
delPhi=0.7

HEP / NP Seminar - SMU
April 12, 2010

Select 2x2 cluster
with highest Et sum,

must contain tower

pointed by the track

3000
2500
2000
1500
1000

2]
[=]
T

O
(,'d nearCone

Y
o
T T

N
[=]
T

500

=
=

0.8 1 2
cluster 2sz1 ! ctmlET

350
300

signed Pt balance (GeV)

'D.i—J ef edents

250
200
150
100

o
=
=

50
2x2 Cluster ET (GeV)

60

06 08 1 1.2
cluster 2:!:2ET 0.7 cone_,

Bernd Surrow



W production results: Algorithm Details

O Evolution of Et distribution vs. cut ID
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W production results: Algorithm Details

O Evolution of Et distribution vs. cut ID

electron candidate, cut=max 2x2

Entries 148429
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W production results: Algorithm Details

O Evolution of Et distribution vs. cut ID

electron candidate, cut=max 2x2

Entries 148429
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2x2 ET (GeV)
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- Starting raw distribution
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W production results: Algorithm Details

O Evolution of Et distribution vs. cut ID

electron candidate, cut=max 2x2

Entries 148429

10°
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10°

10

0 10 20 30 40 50 60
2x2 ET (GeV)
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- Starting raw distribution

. Track-cluster match
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W production results: Algorithm Details

O Evolution of Et distribution vs. cut ID

electron candidate, cut=max 2x2

Entres 148429 | - Starting raw distribution

10*
. Track-cluster match

- No near cone Et

10°

10

0 10 20 30 40 50 60
2x2 ET (GeV)
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W production results: Algorithm Details

O Evolution of Et distribution vs. cut ID

electron candidate, cut=max 2x2

Entres 148429 | - Starting raw distribution

10*
* Track-cluster match

- No near cone Et

.~ No away cone Et

10°

10

0 10 20 30 40 50 60
2x2 ET (GeV)
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W production results: Algorithm Details

O Evolution of Et distribution vs. cut ID

electron candidate, cut=max 2x2

10°

10

10°

10

0 10 20 30 40

HEP / NP Seminar - SMU
April 12, 2010

Entries 148429

60

2x2 ET (GeV)

- Starting raw distribution

* Track-cluster match

No near cone Et

.~ No away cone Et

Using the algorithm a
clear Jacobian peak
can be seen
characteristic for

W production in
contrast to

QCD background!
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W production results: Algorithm Details

O Evolution of Et distribution vs. cut ID

electron candidate, cut=max 2x2
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W production results: Algorithm Details

O Evolution of Et distribution vs. cut ID

electron candidate, cut=max 2x2

Entries 148429
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- Starting raw distribution

* Track-cluster match

No near cone Et

.~ No away cone Et

Using the algorithm a
clear Jacobian peak

can be seen

\ characteristic for
W production in

contrast to

QCD background!
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W production results: Charge separation

O Mid-rapidity high pt e* charge separatio

vertex \* positron p. =5 GeV
3
| /ﬁ SO electron p;=5 GeV
7 +/- distance D: ~1/P+
< . _ pr=56eV :D~15cm
& o0.08f .- .- pr=40GeV : D ~2 cm
Q: Charge-sign = 006 - - -__-:
of \ S oosf- e Successful separation of
reconstructed © 0'025_ ST different charge states!
track - —
a 0.02f- o .--E_ -
Final TPC '0'04;_ -Ei-:.! '.-E - '-:'::"—-: - 2 Assign:
ina -0.06 __ f;_ - - _: - Tm €|€C'|'r'0 nS / O .
calibration e - - i Q/py>0 positrons
:0'10 10" .;:1.2; ';o' -';Io-' 506070 O Q/pT < 0 Yo be electrons
HEP / NP Seminar - SMU EMC Cluster E; (GeV)
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W production results: Charged-separated Yields

O Charge separated raw Signal / Jacobian Peak Distributions

] (]
S [ Run9 STAR Preliminary \s =500 GeV S [ Run9 STAR Preliminary Vs =500 GeV
S [ ptp - W e +V, S [ ptp - W s e’ +v,
80 electron || <1 80— positron |n|<1
L — W candidates - — w" candidates
60— 60—
B 2 B 3
40 S 40— 2
w ]
i e i g
- 8 - 5
[ i g
20— 20—
i % i %
0 0
_IIIIIIIIllllllllllllllllllllllllll _llllllllllllllllllllIIIIIIIIII]]]]I
10 20 30 40 50 60 70 10 20 30 40 50 60 70
EMC cluster E; (GeV) EMC cluster E; (GeV)

O Charged separated W*/W-candidate distributions of the BEMC cluster transverse energy Et
(GeV)
O Cuts: All previously discussed cuts!
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W production results: Background

O Background freatment

HEP / NP Seminar - SMU
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W production results: Background

O Background treatment Wi distributions

PYTHIA+GEANT MC ——> = MC Normalized to

i L=13.7 pb!
W —-714+uv,- :
T — €+ Ve + Vs s

0 20 30 40 50 60 10
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W production results: Background

O Background treatment

PYTHIA+GEANT MC —m—m—>
W —-71t+4+v,

T — €+ Ve + Vs

1.Run analysis with EEMC in veto cuts
2.Run analysis without EEMC in veto cuts

3. Subtract two raw signals

HEP / NP Seminar - SMU
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W production results: Background

O Background freatment

PYTHIA+GEANT MC —m—m—>
W —-71t+4+v,

T — €+ Ve + Us

1.Run analysis with EEMC in veto cuts
2.Run analysis without EEMC in veto cuts

3. Subtract two raw signals
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W production results: Background

O Background freatment

PYTHIA+GEANT MC —m—m—>
W —-71t+4+v,

T — €+ Ve + Us

1.Run analysis with EEMC in veto cuts
2.Run analysis without EEMC in veto cuts

3. Subtract two raw signals

[ ptBalance vs awayside PT |
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W production results: Background

O Background subtraction
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W production results: Background

O Background subtraction
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W production results: Data/MC comparison

O Data/MC Comparison of charge-separated Jacobian peak distributions
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O Comparison of data and PYTHIA+GEANT simulations for W signal events at /s=500GeV
O Systematic uncertainties were estimated by varying cuts and normalization regions for QCD

background and by varying BEMC energy scale uncertainty (+7.5%)
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W production results: Cross-Section

O Total W/W- Cross-section results
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results: Cross-Section

O Total W/W- Cross-section results
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W production results: Cross-Section
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W production results: Asymmetry

O Parity-violating single-spin asymmetry W*/W- A_ results
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O Parity-violating single-spin asymmetry W*/W- A_ results
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W production results: Asymmetry

O Parity-violating single-spin asymmetry W*/W- A_ results

AL - STAR Preliminary Run9 Vs=500 GeV
| Ppo W ettty
04— E7>25GeV

STAR Preliminary Run 9 (p+p /s=500 GeV)

Ap(WT) = —0.334+0.10(stat.) =+ 0.04(syst.)

i W’ ' AL(W™) = 0.18=+0.19(stat.) T955(syst.)
0.2~

- = '5+;'5 O AL(W") negative with a significance of 3.30

- meaann o, *0

glessisess ) -

I reeeeen . We RHICBOS O  AL(W) central value positive

[ \ : === —— DNS-K .

T — DNS.KKFP O  Systematic errors of AL under control

DSSV08

-0.2 o & e a O TPC charge separation works up to pr~ 506eV

0.4 O Measured asymmeftries are in agreement with

theory evaluations using polarized pdf's (DSSV)

Syst. uncertainty due to abs.

[ % polarizafign and backgroupd | constrained by polarized DIS data (= Universality
-2 -1 u 1 2 P . . . .
lepton ) of helicity distribution functions!)

HEP / NP Seminar - SMU
April 12, 2010 Bernd Surrow



Future W program: Overview I

0O STAR W program - Relevant detector systems

O Calorimetry system with 2m
coverage: BEMC (-1<n<1) and
EEMC (1«n<2)

O TPC: Tracking and particle
ID

O ZDC: Relative
luminosity and local
polarimetry (500GeV)

O BBC: Relative
luminosity and

Minimum bias trigger
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Future W program: FGT l

O FGT layout

O FGT: 6 light-weight triple-GEM disks using
industrially produced GEM foils (Tech-Etch Inc.)

O New mechanical support structure

O Expected installation: Summer 2011
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O AL projections
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Backup

O Correlation measurements: Di-Jet production - Data Understanding - Run 5
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O Event display (W event candidate) and detector signature
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O Event display (Di-Jet event candidate) and detector signature
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O Event display (Z event candidate) and detector signature
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O Charge-sign discrimination : Data/MC comparison
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O Charge-sign discrimination : Data/MC comparison
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O Charge-sign discrimination : Data/MC comparison
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O Charge-sign discrimination : Data/MC comparison

| TPC primary QJPT, final selection |
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O Total W/W- Cross-section uncertainties

O W reconstruction systematic uncertainties

O Track reconstruction: 15 - 20%
O Vertex reconstruction: 3%

O BEMC Energy scale: < 1%

O Normalization / Luminosity systematic uncertainty

O Vernier scan absolute cross section: 23%

O Background systematic uncertainty

O Vary data driven QCD background shape and normalization region (E; < 17 - 21 GeV)
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O Parity-violating single-spin asymmetry W*/W- A_ uncertainties

O Complete list of systematic uncertainties

w* wW-
high low high low
0.09 0.09 0.09 0.09 Absolute polarization magnitude of both beams (P1+P2) (9.2%)
0.07  0.02 0.13  0.03 QCD unpolarized background
0.07  0.07 0.14 0.14 QCD pol. bckg. ~0: use 1/2 stat error of this test
0.01  0.00 0.01  0.00  Decay of pol. within fill
0.13 0.1 021  0.17 Total syst. in fraction of measured AL

O The following effects were found to be negligible:

O Dilution of AL due to swap of W*/W" charges : Tracks with false curvature were removed
O A PiP2 term cancels out

O  Transverse spin term negligible

HEP / NP Seminar - SMU
April 12, 2010 Bernd Surrow



