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Constraining AG: pp = Jet + X

Sensitive to:
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Af: polarized parton distribution functions

with large partonic asymmetries
at midrapidity (6=90)
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How to Measure A,

Collide two polarized proton > .

beams, (Y)ellow and (B)lue

Measure the double-spin asymmetry:

| el e el
ALL = P P Nparallel + R.Nantipal’allel
Y* B

N: Spin dependent yields (# of reconstructed jets)
P: Beam polarization (determined by RHIC Polarimeter)

R: Relative luminosities between different spin states
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STAR Detector at RHIC

Detectors used in 2005 jet analysis:
Barrel

EMC Time Projection Chamber
Tracking

BBC

West Barrel EMC

Triggering, Calorimetry

Beam-Beam Counters
Triggering, Local Polarimetry

Full azimuthal coverage
in all detectors

Blue beam

Unique capability at RHIC for complete jet reconstruction!

David " STAR Spin *mn 4
Relyea % | ¢




lojo819p

STAR Jets: Reconstruction and Triggers 1JL }
E'_'_!_tfm_g_ﬂj:'__ﬁ?ﬁ

1) Midpoint cone algorithm

o Adapted from Tevatron II
 Seed energy = 0.5 GeV, cone angle = 0.4 in n-¢

ajoned

2) Triggers %
» BBC coincidence required for all triggers O—p % ¢C

e High Tower: HT1 (HT2)
« E. > 2.8 (3.8) GeV deposited in one tower ‘5 _____ =t ' ______ G
. (A x Ad) = (0.05 x 0.05) - e

v’ Jet Patch: JP1 (JP2) - new for 2005! W S

IS | IS S S S

« E- > 4 (5.5) GeV deposited in one tower patch Trlggerfflclency
* (AN x Adp) = (1.0 x 1.0) e (from Monte Carlo)
10 ot . ,,,,,,,, Minbias vvvvvvvvvvvvvvvvvv vvvvvvvvvvvvvvvvvvvvvvvvvvv
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STAR Jets: Cuts and Statistics

3) Cuts

- BBC time bin (~a vertex cut)

- Z vertex reconstruction requirement

- Software trigger: selects jets responsible for event triggers
- Jet centroid: 0.2 < n < 0.8 (removes detector edges)

- Jet neutral energy fraction: E;(BEMC)/E.(total) < 0.8 (same as 2003)

4) Statistics

I. 3.1 pb?!sampled
=> 1.6 pb1 after run selection

II. <PgPy> = 0.25

III. 1.97 M events (post-cuts)
= 1.39 M in JP2

IV. ~2% of jet events contain multiple jets
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Previous Results: 2003/2004

First inclusive jet cross section

result at RHIC 045 STAR P +p — jet + X at [s=200 GeV 0.2 <n<0.8
10~ T T T T 4 [ —— GRSV-std
(a) <-’ L — . GRSV Ag = ginput
107 STAR 0.10— A
- i p+p = jet + X ~ ==== GRSV Ag=0input .
&106 \5=200 GeV -~ — — GRSV Ag =-g input I
8 midpoint-cone 0.05— —
%105 Kone=04 - _
B 0.2<1<0.8 ____L/ R S
510‘ 0'_ l ———— -}T ................ iy
2 - 1
31 : ’ ]
- -0.05/—
105 o Combined MB _ +
10E" e Combined HT -0 10__
1~ —— NLO QCD (Vogelsang) - E R R
>18 E——— ‘S);sttlarr‘natéc iJn‘ce‘rta‘int!y‘ - (Ib) p0-as 6 —
§ 14 P g e Theory Scale Uncertainty
Z1.0 PH-‘ * - - - -
go% é First inclusive jet A, result at RHIC
0.2 , .
0 10 20 IR e Curves are theory predictions based on
' DIS parameterizations of AG
arXiv:hep-ex/0608030 Submitted to PRL
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2005 Results, Inclusive Jet A,

0.2 1.
<:,‘ - curves® preliminary
o5 AG=6 2 fit to curves:
' AG=-G I (stat+syst error in quadrature)
. AG =0
0.1 _
- GRSVSTD GRSV-STD: 1.1
0.05__ AG = G: 12
. AG = 0: 0.7
of ,—ﬁ/:—i—}ﬁ‘\_ ——— AG=-G: 1.4
0.05~ Rules out AG=G
- Systematic error band
-0'1 —1 PSR T B T R I [T R S T S T R N l L1 1 1 | L1 1 1 l 11
0 5 10 15 20 25 30
Measured Jet P, (GeV/c)

Error bars are statistical
Systematic band does not include 25% scale error from polarization

*Theory curves from B.Jager et. al., PRD70 (2004)034010



STAR Jet A ,: 2003/2004 vs 2005

0.2
é}
1sf * 2003/2004 STAR Jet A,
= 2005 STAR Jet A, :
0.1
0.05

o
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n—.——*
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-0.05 +
preliminary
-0'1 lllllllllllllllllllllllllll
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Measured Jet P, (GeV/c)

2003/2004 and 2005 results consistent
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2005 Jet A, vs Fill
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Jet A Systematics:
Reconstruction + Trigger Bias

Reconstruction Bias
e Detector + Jet Reconstruction Algorithm overestimate jet p; (~20-30% high)

Trigger Bias
e Each trigger sensitive to different subprocesses (qq/qg/gg)

DIS AG parameterizations combined with partonic Trigger bias (6A, ), GRSV-STD
information from PYTHIA to estimate: o0t R
1. A, (jet) [PYTHIA], b HT2
2. A, (detector) [PYTHIA+GEANT], and F . JpP2
3. A, (detector+triggers) °'°1; |

o.oosf— ; ;
Difference between A | (detector) and A (jet) is  oooaf — — —_—
reconstruction bias o002 | l I = J I
Difference between A | (detector+triggers) and b tH H_ ;
A, (detector) is trigger bias .
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Jet A Systematics:
False Asymmetries

o We observe 1-3c single spin asymmetries (SSAs), depending on cuts

- Yellow beam and “like sign” (++,--) asymmetries both non-zero
=> Suggests SSA caused by one anomalous spin state

e Source of these asymmetries still unclear sl A
0 like-sign
. 0.05;—“ %
e Uncertainty bounded by Ajc.gqgn ! | % teay g
* OAL x A2 o

FETEE FRRTE SNETE FETEY FRETE FERTI REWTY FETW ST P
0 01 02 03 04 05 06 0.7 08 09

* A =7.9252x10% = |3A, <0.0065 Jet E(EMC)/E(total)
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2005 Jet A, Systematics

effect (x 10 -3)
False Asymmetries <6.5
Reconstruction + 2-12
Trigger Bias (pr dependent)
Non-longitudinal 3
Polarization

Relative Luminosity 2
Backgrounds <1
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Outlook: 2006 Jet A,, Projection

+p — jet + X at Vs=200 GeV 1< < 1

T

e Increase in sampled <
luminosity over 2005 0.08

e Polarization ~ 60%

(FOM is P4L) 0.04 GRSV-std

|III|III|III|III

e Entire BEMC instrumented 0.02

|| et aaciiiis CLLELLIII —EECEETEERRRr SRR S R
e Beamline shielding installed -
-0.02—
e Greater emphasis on high pr o,
jets and dijets with triggers .
.0.06_11111llllllllllllllllllllllllllllllllllll
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Summary

2005 Jet A, Preliminary Result
— 1.6 pb, <PgP,> = 0.25
— ~10x larger sample than 2003/2004 with higher polarization

A significant contribution to global understanding of AG!

Present/Near Future
— 2003/2004 results submitted to PRL

— 2006 data collection finished

« Larger FOM than 2005
— Full calorimeter coverage from -1 <m < 2

* Emphasis on dijets and high p jets
= Expect to publish 2005 data in ~6 months
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2005 Results, Inclusive Jet A,

0.2 1.
<:,‘ - curves® preliminary
o5 AG=6 2 fit to curves:
' AG=-G I (stat+syst error in quadrature)
. AG =0
0.1 _
- GRSVSTD GRSV-STD: 1.1
0.05__ AG = G: 12
. AG = 0: 0.7
of ,—ﬁ/:—i—}ﬁ‘\_ ——— AG=-G: 1.4
0.05~ Rules out AG=G
- Systematic error band
-0'1 —1 PSR T B T R I [T R S T S T R N l L1 1 1 | L1 1 1 l 11
0 5 10 15 20 25 30
Measured Jet P, (GeV/c)

Error bars are statistical
Systematic band does not include 25% scale error from polarization

*Theory curves from B.Jager et. al., PRD70 (2004)034010



Backup
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A, Systematics and Cross-checks:
Backgrounds

Jet background contribution estimated by measuring:

e Background fraction

— Difference in the distribution of the jet neutral energy fraction for runs with “high” and
“low” background

e Asymmetry of high background jets
b averaging over triggers,
ALL(pT)+ fbg(pT)XALléj(pT) ke 99

Ameas —
" (pr) 1+@ \< 5A; < 0.001

BUURRE=T - 2 P!

- Difference in yields between / | 30.5
50000F- high background and low i g b
s0000F. D2Ckground samples g A®9,, ~0.01+0.01

: 0.3 (trigger dependent)
30000 0.2
20000 f,g ~ 1 % 3% (trigger dependent) 0.1

- O T e -
10000 - |

- -01

of 0.2 Jet Egyo/E > 0.8
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A, Systematics and Cross-checks:
Relative Luminosity

Lparallel
Calculated using the BBC: R, = :
3 Lantzparallel
Cross-checked using the Systematic estimated as the
Zero Degree Calorimeter (ZDC), difference between
another luminosity monitor A (R;) and A (R; = 0.001)

: : e AR./SR,(+0.001)
Difference (below) interpreted as a ) O ARY/GR,(-0.001)
systematic on the relative luminosity < Fe® e AL(Ry+0.001)-A, (R)

Ry(BBC) - Ry(ZDC) | : ‘
0.1 0.2 =
E i .
i o 0.1 &
0.05_ T ‘ 3 ) - ®
- i I ,M ‘ of ®
o i P T - 0 -
Y SRS LA B 0.1F D
B T y *‘3’ n u
-0.05: -0‘2:_ O
oo _eafo o DA (Rg-0.001) - A (Ry)
0 200 400 600 800 1000 1200 Coov v v v v by v by o by s |
5 10 15 20 25 30

Difference between BBC and ZDC is 0.001 Jet P_ (GeV)



A, Systematics and Cross-checks:
Non-longitudinal Beam Polarization

Non-longitudinal beam polarization changes A, :

842 =|tan 6, tan 6, cos (¢Y ~¢, )AZ |

To bound this effect,

= Calculate A, from transverse data: |A; | =< 0.1

= Estimate the beam transverse polarization component
= Local polarimetry (BBC up-down and left-right asymmetries)

= 1647 1<0.003
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Local Polarimetry

Left Right BBC Asymmetry/ P CNI
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SSA backup: A, vs Jet Neutral Energy

Comb

oA,

087
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All triggers
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Jet W(Ar) vs Ar, 2004
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-4

ity +
0.6 :;é.z.;;"-’ 5.0<pT<6.2 GeV/c __ . 141 <pT< 17.3 GeV/c
i @HTSTARData ¥ ~* —— HT Monte Carlo
0.4 [j MB STAR Data -“ i e MB Monte Carlo

0. 15 0.25 0. 35 0.05
Ar from jet axis

“015 025 035

Ar from jet axis
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Jet Cross Section and Asymmetry

The polarized cross section for jet production is a convolution:

Ao(pp — jet + X)= ), fdxldx2Afa/AAfb/B Ao(ab — cX)

a,b,X

Reduced sensitivity to
fragmentation functions for
jet production

Experimentally relevant: A,

|

Parton Parton-level cross
distribution: section, fully
Object of study calculable in pQCD
Partonic » _ AC
Asymmetry: dp, = 5

Ao o'"-o"  AfAf, .
= f 7 A
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2005 Results: Inclusive Jet A,

Spin 2006, preliminary result, STAR inclusive jets

All numbers in units of 1e-3 absolute on A_{LL}

binl | bin2 | bin3 | bing4g | bin5 | bin6 | bin7 | bin8 | bin9
pt* 5.6 6.9 8.4 10.4 12.8 15.7 19.3 23.8 29.2
A_{LL} -3.8 2.1 1.7 15.9| -12.4 -5.4| -14.4| -10.6| 125.1
stat uncertainty 7.1 6.5 6.7 7.8 10.2 15.0 24.0 41.4 30.4
A_{L} 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Trigger + Smear 3.9 3.7 1.7 0.3 2.7 4.3 6.9 10.9 8.8
Non-longitudinal 3 3 3 3 3 3 3 3 3
Relative Luminosity 2 2 2 2 2 2 2 2 2
Bgd effect on lumi 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Bgd effect on yield 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Random Pattern 0 0 0 0 0 0 0 0 0
dominant sys 6.5 6.5 6.5 6.5 6.5 6.5 6.9 10.9 8.8
quad sys sum 8.5 8.4 7.7 7.5 8.0 8.6 10.2 13.2 11.6

* Middle point of the histogram bin: = max - min

. \‘\5\\‘”(0,
David
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Cuts: Software trigge

l S0t Pal - JPsh I
“ »

Removes jets which
(depending on trigger)

1. sit outside 40 degrees from the
triggering jet patch center, or

2. do not contain a trigger tower

Reduces statistics by 6.5%
= Reduces monojet events by 1.2% BEN A
= Reduces multiple jet events by 76.5% .}

Plots are PYTHIA simulation _
Black is the distribution of (@ie; - Pjet paten) -

without the cut - |
Red is with the cut
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pT bin smearing

The detector gives a biased measurement of jet pT.
The amount of this bias has been calculated using PYTHIA:

The overall shift of each
pr bin is ~20-30%

DETECTOR Jet pT



Random Pattern Analysis

The random pattern analysis randomly creates new spin states for every run. 1000
random patterns were used. The RMS of the distribution of the ¢ s is smaller

(within error) than the statistical error, so the systematic error from bunch-
dependent correlations is zero.

Random Pattern Analysis Means, all, PROPLUMI, ALL }hiStOO

“X:1 Prob

Sat Aug 26 23:17:08 2006
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