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Motivation – Motivation – particle identification in jetsparticle identification in jets
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Particle/antiparticle differencesParticle/antiparticle differences
Quark vs gluon jetsQuark vs gluon jets

Meson/baryon differencesMeson/baryon differences
Coalescence/ recombination Coalescence/ recombination 

mechanismsmechanisms
Consistent with particle Consistent with particle 

ratiosratios
Testable with identified Testable with identified 

particle correlations?particle correlations?



  

Christine Nattrass (STAR Collaboration), Yale University, DNP 10 October 2007, Newport News, VirginiaChristine Nattrass (STAR Collaboration), Yale University, DNP 10 October 2007, Newport News, Virginia
5

Strange particle Strange particle 
identificationidentification

 Full azimuthal acceptanceFull azimuthal acceptance
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 ~95% purity in Cu+Cu high p~95% purity in Cu+Cu high p
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Motivation - Long-range pseudorapidity correlationsMotivation - Long-range pseudorapidity correlations

 Long-range pseudorapidity Long-range pseudorapidity 
((ΔηΔη) correlations observed by ) correlations observed by 
STAR in Au+Au at STAR in Au+Au at 
intermediate pintermediate p

TT

 Near side jet peak sits on Near side jet peak sits on 
plateau (plateau (RidgeRidge))
 Significant contribution to the Significant contribution to the 

near-side yield in central near-side yield in central 
Au+AuAu+Au

 Look for particle and system Look for particle and system 
size dependencies which might size dependencies which might 
reveal information about reveal information about 
production mechanismproduction mechanism

nucl-ex/0701074

h-h
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ΔΦΔΦ--ΔηΔη  
Correlations -Correlations -

MethodMethod

 RidgeRidge previously observed to be flat  previously observed to be flat 
in Δη in Au+Auin Δη in Au+Au

 To determine relative contributions, To determine relative contributions, 
find yields for near-side, take ΔΦfind yields for near-side, take ΔΦ
projections inprojections in
 -0.75<Δη<0.75-0.75<Δη<0.75  Jet Jet + + RidgeRidge
 0.75<|Δη|<1.75 0.75<|Δη|<1.75 RidgeRidge
 Jet Jet  = ( = (JetJet++RidgeRidge) – ) – 

RidgeRidge*.75/1.75*.75/1.75
 RidgeRidge = yield from = yield from

 -1.75<Δη<1.75 –  -1.75<Δη<1.75 – Jet Jet yieldyield
 Flow contributions to jet Flow contributions to jet 

cancel cancel 
 vv22 flat with η for |η|<1 flat with η for |η|<1

 Phys. Rev. C72, 051901(R) (2005), Phys. Phys. Rev. C72, 051901(R) (2005), Phys. 
Rev. Lett. 94, 122303 (2005)Rev. Lett. 94, 122303 (2005)

3<pt,trigger<4 GeV

pt,assoc.>2 GeV

Ridge

Jet+ Ridge

Ridge

Au+Au 0­10% STAR preliminary
h+h

nucl-ex/0701074
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    Determination Determination 
of yields and of yields and 

errorserrors

 Background: Background: 
B(1+2 vB(1+2 v

22
trigtrig v v22

assocassoc cos(2ΔΦ)) cos(2ΔΦ))

 Different fit methods for  Different fit methods for  
determination of Bdetermination of B
 ZZero ero YYield ield AAt t MMinimum (ZYAM)inimum (ZYAM)
 1 point, 3 points1 point, 3 points
 B as Free parameter (used as best B as Free parameter (used as best 

guess)guess)
 vv22 error error

 vv22 measurements in progress measurements in progress
 Upper bound for vUpper bound for v

22 measured measured
 vv22  ≈≈ 10-15% depending on p 10-15% depending on p

TT, , 
centralitycentrality

 Estimate for lower bound, near 0Estimate for lower bound, near 0
 Λ,Λ,K0

S,
Ξ+

,
Ξ-...  vv22 not measured not measured

 Assume quark scaling of h vAssume quark scaling of h v
22 in Cu+Cu in Cu+Cu

fit with ZYAM with 3 points, high v2

fit with ZYAM with 1 point

fit with ZYAM with 3 points, best v2

fit with ZYAM with 3 points, low v2

fit with background as free parameter

reflectedreflected

3.0 GeV<pT
trig<6.0 GeV, 1.5 GeV<pT

assoc<pT
trig

h-h, 0-20% Cu+Cu sNN = 200 GeV

STAR Preliminary

A
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ra
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3.0 GeV/c < pT
trigger 6.0 GeV/c; 1.5 GeV/c < pT

associated < pT
trigger

Near-side Yield vs NNear-side Yield vs N
part part Cu+Cu vs Au+AuCu+Cu vs Au+Au

Identified triggers:Identified triggers:
 JetJet yield  yield 

 Nearly flat with NNearly flat with N
partpart  

within errors across within errors across 
d+Au, Cu+Cu, Au+Aud+Au, Cu+Cu, Au+Au

 No vNo v
22 or background error  or background error 

due to methoddue to method
 No trigger dependence No trigger dependence 

within errorswithin errors
 Ridge Ridge yield yield 

 No No RidgeRidge within errors in  within errors in 
d+Aud+Au

 Rises with NRises with N
part part  in Cu+Cu  in Cu+Cu 

and Au+Auand Au+Au
 No trigger dependence No trigger dependence 

within errorswithin errors
d+Au, Au+Au from nucl-ex/0701047
Data points at same Npart offset for visibility
Jet yields: 10% error added to V0 and h triggers to account 
for track merging, 15% to  triggers
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JetJet yieldvs p yieldvs p
TT

triggertrigger

Identified triggers:Identified triggers:
 JetJet yield rises with p yield rises with p

TT
triggertrigger  

in h-hin h-h
 Yield roughly constant with Yield roughly constant with 

centralitycentrality
 Central Au+Au and 0-60% Central Au+Au and 0-60% 

Cu+Cu jet yields comparableCu+Cu jet yields comparable
 No particle type No particle type 

dependence within error dependence within error 
barsbars

Data points at same pT
trigger offset for visibility

Jet yields: 10% error added to V0 and h triggers 
to account for track merging, 15% to  triggers
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to account for track merging, 15% to  triggers
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ppTT-distribution of -distribution of 
associated associated 
particlesparticles

Identified triggers:Identified triggers:
 Ridge Ridge spectra similar to the bulkspectra similar to the bulk

 Cu+Cu measurements Cu+Cu measurements 
probably not possibleprobably not possible

 Jet Jet spectra are slightly harderspectra are slightly harder
 Cu+Cu fit only to h-hCu+Cu fit only to h-h
 Inverse slope T consistent Inverse slope T consistent 

between Cu+Cu and Au+Aubetween Cu+Cu and Au+Au

J. Putschke, QM 06

pT
associated > 2.0 GeV

open symbols – Jet
closed symbols - Ridge

Fit to A pT exp(-pT/T)

1
/N

tr
ig

g
e
r d

N
/d

p
T

Fits assuming 
1/pT dN/dpT = A pT exp(-pT/T)
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nucl-ex/0701047

Fit to A exp(-pT/T)

Au+Au Au+Au √√ssNNNN = 200 GeV = 200 GeV
Au+AuAu+Au

ppTT-distribution of -distribution of 
associated associated 
particlesparticles

Identified triggers:Identified triggers:
 Ridge Ridge spectra similar to the bulkspectra similar to the bulk

 Cu+Cu measurements Cu+Cu measurements 
probably not possibleprobably not possible

 Jet Jet spectra are slightly harderspectra are slightly harder
 Cu+Cu fit only to h-hCu+Cu fit only to h-h
 Inverse slope T consistent Inverse slope T consistent 

between Cu+Cu and Au+Aubetween Cu+Cu and Au+Au

 416 ± 11 (stat.)

 406 ± 20 (stat.)

 438 ±   4 (stat.)

T(ridge) MeV

445 ± 49 Λ

530 ± 61 K0
S

478 ±   8h+/-

T (jet) MeVTrigger particle

Inclusive slope fit above 2.0 GeV: 355 +/- 6

Fits assuming 
1/pT dN/dpT = A pT exp(-pT/T)
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nucl-ex/0701047

Fit to A exp(-pT/T)

Au+Au Au+Au √√ssNNNN = 200 GeV = 200 GeV
Au+AuAu+Au

ppTT-distribution of -distribution of 
associated associated 
particlesparticles

Identified triggers:Identified triggers:
 Ridge Ridge spectra similar to the bulkspectra similar to the bulk

 Cu+Cu measurements Cu+Cu measurements 
probably not possibleprobably not possible

 Jet Jet spectra are slightly harderspectra are slightly harder
 Cu+Cu fit only to h-hCu+Cu fit only to h-h
 Inverse slope T consistent Inverse slope T consistent 

between Cu+Cu and Au+Aubetween Cu+Cu and Au+Au

 416 ± 11 (stat.)

 406 ± 20 (stat.)

 438 ±   4 (stat.)

T(ridge) MeV

445 ± 49 Λ

530 ± 61 K0
S

478 ±   8h+/-

T (jet) MeVTrigger particle

Inclusive slope fit above 2.0 GeV: 355 +/- 6

Fits assuming 
1/pT dN/dpT = A pT exp(-pT/T)

445 445  20 MeV 20 MeV

Fit to A exp(-pT/T)

Cu+CuCu+Cu
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Identified associatedIdentified associated
yield vs pyield vs p

TT
triggertrigger

 In Au+AuIn Au+Au
 Jet: Jet: (Λ+Λ)/KΛ)/K00

SS  ≈≈11
 similar to vacuum similar to vacuum 

fragmentationfragmentation
 Ridge: Ridge: (Λ+Λ)/ KΛ)/ K00

SS  ≈≈  22
 similar to the bulksimilar to the bulk

 In Cu+CuIn Cu+Cu
 Ridge: Ridge: data not attainabledata not attainable
 Jet: Jet: (Λ+Λ)/ KΛ)/ K00

SS  ≈≈  11

STAR Preliminary

STAR Preliminary

Au+AuAu+Au

Au+AuAu+Au
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Au+AuAu+Au
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ConclusionsConclusions
Identified triggersIdentified triggers

Ridge Ridge yieldsyields
 Cu+Cu very smallCu+Cu very small
 Cu+Cu and Au+Au consistent at the same NCu+Cu and Au+Au consistent at the same N

partpart
Jet Jet yieldsyields

 d+Au, Cu+Cu,Au+Au nearly consistent at the same Nd+Au, Cu+Cu,Au+Au nearly consistent at the same N
partpart

 Increases with pIncreases with p
T triggerT trigger

 Constant with centralityConstant with centrality
 Independent of systemIndependent of system

No trigger particle type dependence within errorsNo trigger particle type dependence within errors
 Including non-strange, and singly and doubly strange triggersIncluding non-strange, and singly and doubly strange triggers

Identified associatedIdentified associated
(Λ+Λ)/KΛ)/K00

SS in  in RidgeRidge similar to inclusive similar to inclusive
(Λ+Λ)/KΛ)/K00

SS in  in JetJet similar to vacuum fragmentation similar to vacuum fragmentation
 In Cu+Cu and Au+AuIn Cu+Cu and Au+Au
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Future workFuture work
SystematicsSystematics
− Reduce systematic error from vReduce systematic error from v

22

− Identified particle vIdentified particle v
22

Expand identified associated Expand identified associated 
analysisanalysis

Coming soonComing soon
− Ω triggersΩ triggers

Comparisons to Au+Au – See B. Comparisons to Au+Au – See B. 
Abelev's SQM talkAbelev's SQM talk

Away-side yieldsAway-side yields

Energy dependence of Jet and Energy dependence of Jet and 
Ridge yieldsRidge yields


Ω

~1000 ~1000 ΩΩ  triggers in triggers in 
central Cu+Cu with central Cu+Cu with 
ppTT>2.5 GeV/c!>2.5 GeV/c!
~2000 in central Au+Au~2000 in central Au+Au

STAR Preliminary
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Intermediate pIntermediate p
TT baryon/ baryon/

meson enhancementmeson enhancement
 Large enhancement of Large enhancement of 

baryon/meson ratio in central baryon/meson ratio in central 
collisions relative to p+pcollisions relative to p+p

in both Au+Au and Cu+Cuin both Au+Au and Cu+Cu
 reaches maximum at preaches maximum at p

TT ~ 2-3  ~ 2-3 
GeV/cGeV/c
not unmodified jet not unmodified jet 
fragmentationfragmentation

 Baryon/meson splitting of RBaryon/meson splitting of R
cpcp

strange and non-strange strange and non-strange 
particles show similar particles show similar 
suppressionsuppression

nucl-ex/0608017

nucl-ex/0608017

A. Timmins, SQM 2007

A. Timmins, QM 2006
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The Ridge in Cu+CuThe Ridge in Cu+CuIs there a Ridge in Cu+Cu?Is there a Ridge in Cu+Cu?

   projection flat at large projection flat at large 
 Small and large Small and large  regions match on  regions match on 

away sideaway side
 Small yield above background in large Small yield above background in large  region region
 Jet yield in Jet yield in  consistent with Jet in  consistent with Jet in  subtracting (Jet+Ridge)-Ridge subtracting (Jet+Ridge)-Ridge

1
/N

tr
ig
 d

2
N

/d


d

3.0 GeV<p3.0 GeV<p
TT
trigtrig<6.0 GeV, 1.5 <6.0 GeV, 1.5 

GeV<pGeV<p
TT
assocassoc<p<p

TT
trigtrig

h-h, 0-20% Cu+Cu h-h, 0-20% Cu+Cu ssNNNN = 200 GeV = 200 GeV

STAR Preliminary




1
/N

tr
ig
 d

N
/d




0

~.13~.13

-1<-1<<1<1
STAR STAR 
PreliminaryPreliminary

3.0 GeV<p3.0 GeV<p
TT
trigtrig<6.0 GeV, 1.5 <6.0 GeV, 1.5 

GeV<pGeV<p
TT
assocassoc<p<p

TT
trigtrig

h-h, 0-20% Cu+Cu h-h, 0-20% Cu+Cu ssNNNN = 200 GeV = 200 GeV



STAR 
Preliminary

Jet + Jet + 
RidgeRidge

RidgeRidge

RidgeRidge



1
/N

tr
ig
 d

N
/d



STAR STAR 
PreliminaryPreliminary Jet+RidgeJet+Ridge

--.75<.75<<.75<.75
RidgeRidge
.75<|.75<||<1.75|<1.75
scaled by .75scaled by .75

~.20~.20

Different flow Different flow 
background parametersbackground parameters

3.0 GeV<p3.0 GeV<p
TT
trigtrig<6.0 GeV, 1.5 <6.0 GeV, 1.5 

GeV<pGeV<p
TT
assocassoc<p<p

TT
trigtrig

h-h, 0-20% Cu+Cu h-h, 0-20% Cu+Cu ssNNNN = 200 GeV = 200 GeV



1
/N
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ig
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N
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

~.19~.19

(Jet+Ridge)(Jet+Ridge)  
- - Ridge*.75Ridge*.75
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