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Introduction

* Why study jets 1n
heavy 10n collisions?

e The near-side
e The away-side
e Conclusions
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Why study jets in heavy ion collisions?

e Hard parton scattering = back-to-back jets
— Good (calibrated?) probe of the medium

e High multiplicity in A+A collisions
— Individual jets cannot be reconstructed

— Study jets via correlations of particles in
space

*both azimuth and
pseudorapidity
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e Hard parton scattering = back-to-back jets
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Motivation

o d+Au FTPC-Au 0-20%
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RHIC

e Luminosity
~2¢10° cm™s™

e (Can collide
multiple species
(Aut+Au, Cut+Cu,
d+Au, ptp...)

* Interaction
diamond <20 cm
long

56 bunches
e 10’ ions/bunch

e nominal 10 hour
store time
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PHENIX
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_— NIM A499.4 /OOJ) West Beam View East
* Primary Detectors Drlft chambers, time expansion
chambers, pad chambers, vertex detector

 Azimuthal coverage: Two sections of 0<p<rtr/2

* Pseudorapidity coverage: -0.35<n<0.35
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“Large acceptance hadronic detector’

Silicon Vertex Tracker

Coils Magnet
i ; EM Cal
M :_:_:_:_:-:_‘—"'—"—':-_—.__:.-__;_______..- 1 L .
———t

Time Projection Chamber

. Time of Flight Patch

Ring Imaging Cerenkov
Detector

T

r i '_‘;_‘

Electronics
Platforms

Forward Time Projection Chambj

e Primary Detector: TPC
e Full azimuthal coverage: 0<p<27r

e Pseudorapidity coverage: -1<n<l
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Near-side: Motivation

e Near-side shows modification

* Excess yield in AutAu relative to p+p

- T | T T T | I T T | T T
~ 3L ® d+Au FTPC-Au 0-20% (preliminary)
S Y —

4 P+pP
el

©

0.15<p wsociaei<q GeV/e

A¢ (radians)

STAR PRL 95 (2005) 152301
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Near-side: Motivation

* Long-range pseudorapidity
nucl-ex/0701074 P (ATI) COHelatiOnS ObSGI'Ved
S*TAR‘;;;..@,J; ~ bySTARinAutAuat
T intermediate p.,

9 4707 Bcp c4GeV R

.; iiﬂ NcHE |
430;_;"_ * Near side jet peak sits on
L plateau (Ridge)

L e 9 * Significant contribution to
the near-side yield in

No v, subtraction - signal visible above v,

central Aut+Au

BB
At

Christine Nattrass Banska Byvstrica. Jan. 4. 2007 11 Em=



Near-side: Ridoe production mechanisms

* Parton radiates energy before Voum  Saciex Boxkcosio

(reference) Broadening Anisotropic shape

fragmenting and couples to the
longitudinal flow \ / §| 7; i
— gluon bremsstrahlung of

hard-scattered parton

Armesto et al, PRL 93 (2004), nucl-

— parton shifted to lower p_ ex/0405301

— radiated gluon contributes to broadening

 Medium heating + parton recombination (cuiu & swa, phys
Rev. C72:034903,2005)

— Recombination of thermal partons only indirectly
affected by hard scattering, not part of the jet

¢ Radlal ﬂOW =+ trlggel' blaS (Voloshin nucl-th/0312065, S. A. Voloshin, Nucl. Phys.
A749,287 (2005))

L

J
J
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pT trigger dependence of Jet and Ridge

Jet Ridge

0.25
o -Au+Au @ 200 Ge'ifd (0- 1ﬂ]% o 0.7E* - Au+Au @ 200 GeV, (0-10)%
g (1.5 GeV/c<p; <py oo o 'F15 Gev_-':::p;“““tﬂdt:ptT”wr
2 oof mhh 2 - mh-h
= T AKgeh i = 06 o
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> 015 = -
] n @ gaf
oy e
= “ ° n
0.1 ? ¥ o3[
- - ¢ 0.2[
0.05 5 m A -
F 01f
|,:..q|-=u ? | | | ETAR prellmlnary C |an|<1.7 ETAH prellmlnary
u1 15 2 2-5 3 35 4 45 5 D1III'I1-|5|‘III.£|||.|2-IETIII$II 35 1 4 1 45 1 5
. . trigger
J. Bielcik QM06 pr o (GeVic) pr %" (GeVic)

Jet yield per trigger increases with p "

» Expected because higher p_"*** should be “jettier”

* Ridge yield decreases

* Ridge dominant in central Au+Au
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Near-side: particle dependence

Ridge vield
o
o 8
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 Identified particles show
similar yield trends to
unidentified

e Particle ratios in Ridge closer
to bulk than those 1n the Jet

» 2.5

@ inclusive p, 0-5% Au+Au

O inclusive pr, 20-40% Au+Au
O inclusive p, p+p

B ridge, 0-10% Au+Au

¥ jet 0-10% Au+Au

_ STAR preliminary

B °

St - ¢

: 2 by

A I
_ P .
S5 o) o T |
i l J C|>
B R R

J. Bielcikova, WWNDO7 p2ss°° (GeVi/c)
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Near-side Yield vs N Cu+C Aut+Au

pisA
. . 30 G V trigger 60 G V : 15 G V associated trigger
Identified triggers: & Nattrass Somoy e &2 BV = PRSPy
. 0_22:_ Au+Au Cu+Cu d+Au
[ ] Jet y1€1d 02:_ . |:| * h_nh
+ Nearly flat with N within s
errors across d+Au, CutCu, & r @ O = AA-h
AutAu o) 0-16 M OROE
-90.14‘— "
« No v, or background error due = F
to method o012
. 2 o :
* No trigger dependence within > [ I
= (0,08 —
: : 0.06—
* Ridge yield oab
. oy : T r\Sy=200 GeV, |An|<0.7
* No Ridge within errors in 0.02 ST AR reliminar
d_I_Au - pIIIIII| y | | IIIIII| | |
: : : n 102 ":Npart:"
+ Rises with N, in CutCuand g4 Ay, Au+Au from nucl-ex/0701047
AutAu Data points at same N__ . offset for visibility

. : h Jet yields: 10% error added to V° and h triggers to account
No trigger dependence within  for track merging, 15% to = triggers B8

Crrors
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Near-side Yield vs N Cu+Cu vs Aut+Au

. . 3.0 GeV/C < Ttrigger 6.0 GeV/C; 1.5 GeV/C < Tassociated < Ttrigger
Identified triggers: C. Nottrass SOMO7 P P

: \[s, =200 GeV, |An|<1.7
o Jet yield 0.5~ NN Vs JAnl<
_ | STAR preliminary
« Nearly flat with N within Q [ CuAu
errors across d+Au, Cu+Cu, g,m'4:_ (1 W h-h
AutAu S [ A AKgh . ,
e No v, or background error due "*__60.3:— O @ AA-h
to method Q S EE |
: . . =0.2 EBkgd. error / )
* No trigger dependence within = qy [ grr'or { A
eITors Q) :
. . S
* Ridge yield o T T
* No Ridge within errors in 0:_ 4
d+Au . ! !
. , | 10 10° ":Npart:"’
* Riseswith N, in CutCuand g4 Ay, Au+Au from nucl-ex/0701047
AutAu Data points at same N__ . offset for visibility

Jet yields: 10% error added to V° and h triggers to account

* No trigger dependence within %5, track merai % to = tri
ging, 15% to E triggers LMJ

CITOI'S
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Near-side: Ridge

Fit to A p, exp(-p,/T)

1 + STAR preliminary

| IIIIIIII
%

!h- *_‘_ open symbols - Jet
T, Reeah closed symbols - Ridge

Wi
@ 4<p, <5
mo<p =6

1/Ntriggerd N/d pT

i E-ﬂ:|.'t___l-."i-."

2 2.5 3 3.5 4 4.5
J. Putschke, QM 06

LasSOC. Eul

—
=
-k

o Spectra of particles in Jet harder than those
of particles in the Ridge

e Particles in Ridge similar to bulk
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Near-side: Summary

* Enhanced yield in Au+Au collisions relative to p+p

e Extra yield 1s in Ridge

e Particles in Ridge closer to those in the bulk than
those 1n the Jet

— Particle ratios

— Spectra

o Consistent with Npart

dependence on Ridge size

R 1

RALP -1
2 7 s

A
nucl-ex/0701074

e Predictions which might distinguish mechanisms not
quantitative enough to make detailed comparisons to
theory
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Away-side

e Shape change on away-side

» Excess yield at low p_ on away-side

L e
- ® d+Au FTPC-Au 0-20% (preliminary)

- — p+p |
0.15<p wsociaei<q GeV/e

. % Au+Au 0-5% |

w

1N, o AN/(AG)
a

—t
1 T T 1

o

A¢ (radians)

STAR PRL 95 (2005) 152301
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Motivation: Away-side

Vs = 200 GeV

0.04(C) 3-4©2-3GeVie
- [EEL Au+Au / p+p

| ar'>(iv':07'05.|3238 '[nu'cl—'ex]'_

0,021 ‘qSRp‘qHRP

R,

0.4

0.2

« STAR and PHENIX: qualitative agreement

 STAR: dependent on systematic errors

Ty W
Horner (STAR) QM2006+

3<p;Meser<4d GeV/c T
1<pAssece<2.5 GeV/g

= AuAu 0-12%

AuAu |An|<0.72 T

- systematic errors from disagreement of different methods of measuring v,

« PHENIX: claim smaller systematic errors

— systematic errors from one v_ measurement (reaction plane)
Banska Bvstrica. Jan. 4. 2007 20
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Away-side: Motivation
Or STAR results...

o8

25 < pI'¥ < 4 GeVic]|

05 60-80%F 20-40% ==

Centrality

» Shape distortion increases with centrality = aAyAy
« Decreases with increasing p_ "¢ o AuAu |An|<0.72
B * dAu

» Degree of shape distortion dependent on v subtraction

o Also see “punch through” of away-side at high
Christine Nattrass Banska Byvstrica. Jan. 4. 2007




Away-side: Motivation
Or STAR results...

038

[ 3<p.?<4GeVic

osf 60-80°%4|

Centrality

» Shape distortion increases with centrality « aAyAy
« Decreases with increasing p_ "¢ o AuAu |An|<0.72
B * dAu

» Degree of shape distortion dependent on v subtraction

o Also see “punch through” of away-side at high
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Away-side: Motivation
Or STAR results...

4<p?<6GeVic

60-80%)| 40-60% & 20-40% & 0-12%

sngt
-

- [
(1] o0 M -
L J I-..... ..

Centrality s — . .

» Shape distortion increases with centrality « aAyAy

« Decreases with increasing p_ "¢ e AuAu |An|<0.72
1 s dAu

» Degree of shape distortion dependent on v subtraction

o Also see “punch through” of away-side at high
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Away-side: Motivation
Or STAR results...

6<p,°<10/GeVic | |

* 3180%] 20-40%j| 0-12%
=12 oo ' I | .
=L .ﬁ n #

Nt ig

oRtied------ § 1 -

i 0 1 2 3 4 5-

Cent;‘ality : . : . .
* Shape distortion increases with centrality = aAyAd

trigger e AuAu |ﬁ1]|*=:.‘ﬂ A2
* dAu

» Degree of shape distortion dependent on v subtraction

e Decreases with increasing p_

. Also see “punch through” of away-side at high p **°°**{::;
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Away-side: Proposed models

e Where could this come from?

— Large angle gluon radiation (Vitev and Polsa and
Salgado).
— Deflected jets, due to flow (Armesto, Salgado and

Wiedemann) and/or path length dependent energy loss
(Chiu and Hwa).

— Hydrodynamic conical flow from mach cone shock-
waves (Stocker, Casalderrey-Solanda, Shuryak and
Teaney, Renk, Ruppert and Muller).

— Cerenkov gluon radiation (Dremin, Koch).
 2-particle correlations give the same qualitative
results for all models =@ can't distinguish
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3-particle correlations

» Two different coordinate systems
» Different background subtractions

* Both assume 2 components (jet + flow background)

STAR *PHENIX
A@AQ space (AP =@ -Q i ger) epolar coordinates
5F lﬁﬂﬁ >
580 § | —
4 75 1
R Y
3L —570 En%
: R AL Wi NS, Akgfan
2 — 560 | AXRXS l"“.'lll‘“\\‘\v" SA7% ’/""lll
O A 17
s S 2 0,,;;"0
1
550 \
o & I545
i 540
S ﬁ -y ﬂ Ajitanand (PHENIX) HPO6, IWCF'06

Ulery (STAR) QM’05 g,
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Conclusions

e Jets have proven to be a powerful probe at RHIC

— The near-side 1s modified e

e The Jet ﬁrﬁn;?w‘lm; fﬁ
— Looks like vacuum fragmentation s Mgz WA

* The Ridge -
- Looks very similar to the bulk B S

— Away-side 1s modified

 Many proposed models, more work to do

BB
At
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Wisdom from Goethe

Delacroix

Da steh' ich nun, ich armer Tor,

Und bin so klug als wie zuvor!
Faust |
Goethe
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Away-side: Motivation

PHENIX oal(a)  3-4®0.4-1GeVic _:'_(b')' A ®10Gevie | '_:

ool —o— Ay + Au 0-20%
AU‘I'AU & p+p 0.2 L
Vs =200 GeV
arXiv:0705:3238

V|::|||

SR HR , SR
‘q P‘ﬂ u|<:

o
T T

Whether we

look at
PHENIX
results...

4-5 ® 4-5 GeV/c .
X 10 B

& AR RN AREEE N

009%0g
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3-particle correlations: PHENIX

Same Side

A

Away Side

Ajitanand (PHENIX) HP06

Need to work on this slide,

colors, etc.
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3-particle correlations: PHENIX

______________ 2.5<p,™e<4 GeV/c AutAu
-y > 1<p,A*<2.5 Ge o
- l'- e Pr 0-5 (yo
Same Side - partcied o,
| —10.99
Ag’ \
’ 5 | 0.9
. 4 0.98

Away Side 0.98

0.97

Near-side

Need to work on this slide,
colors, etc.
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3-particle correlations: PHENIX

Trigger

2.5<p,™e<4 GeV/c
1 <pTAss0c<2.5 o

Same Side

0.99

0.98

Away Side 0.98

0.97

Need to work on this slide, Away-side
colors, etc.
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SIM Normal Jet Correlation PHENIX Acceptance
25<pri<d GeVie  |p*,4"4l=0
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3-particle correlations: PHENIX

Ajitanand (PHENIX) HP06, IWCF'06 A(ﬁ PI’OjCCtiOﬂS
\[sun=200GeV PHENIX Total 3-Ptcle Jet Corrln.  Cent = 10-20% V., Su btracted
2.5<p<4 GeV/ . - 0.04 SRRREREEEE R
RN Ad e eny 5T
1<pl,5 <2.5 GeVlic “lo.035 3 [
2, == L
3 0.8 |
—0.03 o | lell
z | L1SANRE
) —0.025 C o6l gt
AB z * s
=T —10.02 T Ll
$ 0.4 I
o
—0.015 5
3 0.2
0.01 £

= L1 1 1 | 11 1 | | Ll 1 1 l 11 1 | I | I | L1 1 1 | 1
0.005 0 0.5 1 1.5 2 25 3
Ad*(rad)
0

T Deflected jet
« Dependent on background 5 ¢ 3 J
subtraction : TT";WH .
€ T ISRFRR IR
. % 8.8 7 ° ‘ ‘ ‘ ol s * 0
* Details of background B ) IR RIS:
subtraction not shown Eonn Conical emission
e Central data not shown L =
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3-particle correlations: STAR

Medium

\_/ |
; Medium
J& 477 Medmm i&: ? s
away

- away

di-jets Conical Emission Deflected Jets

Ad __ 1 5

) Ad A
o o {® & @ qﬂ
= QO 0 @

(=] = [ =] (] E

® © O

A 0 1 . 3 4 3 " ] 1 2 k] 4 5
Ad Ad Ad
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3-particle correlations: STAR

o, TR
A
) G

..| "-I—'*|4I

10

l552

—{550

—1548

—1546

Subtracting a
complicated
background...

Still assuming

-11' i S
; ul 2 ZYAM...
Acpijoft-ﬁ . - Soft-Soft -
-V Trigge ociated 5 v4TriW4Associated .
Z }’_'l_ A4 —0.06
S - B 2Y2Va
g 3 P 3t > —0.04
o g * i
0 § SR
& ap i =0
\“_'/“ 1= 1= —-0.02
B f" ' 4 ' -0.04
5 6 o8 & & -0.06
== 8 i - - 18005
'1-1 B R '1-1'"'u""1""2""3""4'A's" e
iSlLAR Preliminary @,
== 2 B 3
J. Ulery, ISMDO7 V&= LA Vot R
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3-particle Correlations: STAR Results

- .u.12

—0.1
—0.08
—0.06

—0.04

]. Ulery, ISMD07

o A'it+}1u

?‘\%s’ i

ll]ﬁ

—0.4

—0.1

—-0.1

Near-Away

II].1

N | —0.08
—0.06
—0.04

—0.02

Away-Away

1 < p associated < 2 GEV/C, 3 < p trigger < 4 GeV/C

Christine Nattrass
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aStructure changes
with centrality

Peripheral Au+Au
looks like d+Au, p+p

Central Au+Au shows
new features
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3-particle Correlations: STAR Results

AutAu 10-30%

* On-diagonal
and off-
diagonal
projections.

-
S

-
T 1T

* Yellow
bands are
systematic
eITors.

STAR Preliminary

sl b b bevaa b s b nn b e
18 2 25 3 35 4 45 5

e Significant
off-diagonal
peaks.
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3-particle Correlations: STAR Results

¢ Au+Au 0-12 1.41:0.02
S Au+Au 0-50 1.46+0.02

Angle (radians)

Statistical

—
W
IIII|IIII|IIII|IIII|IIII|III

AR R TR R NN SN N T S B
1.5 2 2.5
P, Assoc (GeV/c)

o
g
(3]
-

e Attempts at extracting emission angle

» No apparent p_ dependence

* No apparent centrality dependence
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Y=y . DYryeid ¥ =V
S | Au+ Au Tt Y |-
Y, % J 300 300

u ! I
200§ 'FEI' e - ~0.005 200

:- Il -
0 Ly T
00. I_150 200 .:'3.60;4) %
12

mos . o
4 e (Clear mathematical definition

0.3

100

300
A¢12

<350
=
<

VoV,

300
250

200 I'* e Difficult to interpret

150 0.1
=10 o o
. .. * Favors modification but the type of
vwmmemmss 02 modification 1s unclear
A
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3-particle Correlations: Summary

 Both STAR and PHENIX standard analyses slightly
favor conical emission

e STAR data slightly favors Mach cone over Cerenkov radiation

* Both analyses dependent on validity of

- ZYAM
— 2 component picture

e Similar STAR analysis which does not support
conical emission but has unclear interpretation
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Another method - Baryon/Meson Ratio

e [fthere 1s a Mach cone, angle should depend on —
mass z"‘%
* Error bars are still too large to conclude Y %
[\

- However, at least systematic errors for KOS and A
« Disadvantages:
- Current error bars
prevent any

are correlated

§”STAR Preliminary: Aut+Au 10%-40% ] conclusions
E i :i:ﬁ:f”rﬁp}} 5 | < Advantages:
5l ¢zm1:-:{r_:;,.1 - STAR year 7 data
S5 4 7 allow 4x statistics
> L i i ] - New method (Brooke
2 Y Haag, QMO8 poster)
Ié .:.gm 2 R ;& — may a llow even
s | "_;'“_{.H ________________ A | higher stats/higher p_
- systematic errors due
e - L= to v, at least move
J. Xuo SQM07 Ad together
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.« * Studies showing shape changes on away-side § °- S aan e S
= F mh- =
. . oah RIdg
02 — Signal/Background > 1/20 g ooF
0.1 . g 0-45—
u - Systematic errors due to v, large because o3t
. 0.2p
01 background is large it
0.2 e, SRR
_ 1 GCV/C <p associated L R S S ¥ S R 445 s
1< P associated o GeV/c T pT %" (GeVic)
Ttri r . . . . . 5 0'25—Au+Au@2£Lg“Gcg¥H (0-10)%
3 < p,"'99 < 4 GeV/c * Ridge yield significant on Near-side 8 c;g:mprj o i:p;'““*"
: .. T [ AKe n
Aliranand (PHENLX) HPOG, IWCF'06 * = ZYAM assumption could lead to significant g _f **
Do m wed W errors g .
= =SS - 01f
v i : % ¢ We don't understand the near-side yet | %
=Tt 0 Rn 0.02 05 -
- - 2.5 GeV/e trigger (PHENIX) isn't very “jetty” o250, Loy Sitsimney
.5 GeV/e trigger ( ) 1sn't very “jetty R RN TS T 1 L
g J. Bielcik QMO6  p7™™ (GeVic)

— 3.0 GeV/c (STAR) is only slightly better

Fit ltn A D nyp(_pT/'F)

5T
‘-\

STAR preliminary

* open symbols - Jet

ik

- 1 GeV/c <p_**"**- on near-side, Ridge 3t closed Symbals - Ridge

3<p,Moeer<4 GeV/c

., =

l<n Assoce? | (Gal/g . 5 5 y : e B

A s dominates. Does this affect the away-side? St o,
° dAU 0.12% : SL \i‘“ e
. How do we know that the production S,

A Bep, <12

mechanisms for the Ridge and the shape
changes on the away-side are distinct? * | butschke. QM 06 Pusecs

o BB
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Outlook

o Higher p_on 3-particle correlations?

associated trigger

- Really need higher p_ ,p,  tounderstand results

— More data not yet analyzed
— Detector upgrades which would allow more data in a run
— Advances 1n triggering

e Need to understand the near-side

— More data helps 1n particle ratios

— More particles?
 Jet reconstruction in heavy 1on collisions?

— Some progress

— Would allow reconstruction of near-side
Christine Nattrass Banska Byvstrica. Jan. 4. 2007




Backup slides
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Reminder: Background Subtraction

Phys.Rev.Lett.98:232302,2007
1.021 | ' |

1<p2*°°°<2.5<p;®<4GeV/c

Au+Au 200 GeV 0-5%

—: 0.03

-y
N 1.01—m, Before background subtraction g2
ﬁ- - OB After background subtraction ﬁ
— B P

C n - =
O 1 - *':' w-N.E.m]0.01 7
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A caveat...

e Large background subtraction...
— Signal/Background ~ 0.05

e Depends on kinematic region

- Signal/Background higher at higher p_

E "A-ht A-hir Vs 0- 10% central AuAu

7_2_5_ ................................ ............................. m ............... 1 35.5;1: ~ASSOC < p =Trig..........

1

@

=]

=

=
< - : :
ﬁ - 2. 5-=p -Trigger<4. 5 GeVic
— :: :

[

I= SR

=

=]

L&
=

T Ll LU T T T T r R r T T T LT r T T T T T L rT T T B TP

6.9

......................................................................................................................................................................................................

6.8

. Open puihtS' reflecied functit;n STAR Prellmlnary

| | | | | | | | 1 | | | | | | | | | | 1 | 1 | | | | | | | |
6.7 1 0 1 2 3

J. BleIC|kova QM06 A
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Determination o[ )_/ields and errors

3.0 GeV<p,"9<6.0 GeV, 1.5 GeV<p, *soc<p o
h-h, 0-20% Cu+Cu Vs, = 200 GeV
3.5 STAR _:'_
- Preliminary T refl eCtéd
B3.45:— .
c 3.4f—
5
E>*3.35=|L —.t— == —+
E 3.37-:,._'_4— o: P —I—_'_..-
= B+ i + &
LazsE % e ) + 4
3.2 ““; - !*; + £
S /N S S
315 ?}:‘:‘J:EF: i
2 =

PRI I N T N T T N ST W M
! Natt1rass éQM §007

fit with ZYAM with 3 points, best v,

fit with ZYAM with 3 points, high v,

fit with ZYAM with 3 points, low v,

fit with ZYAM with 1 point

fit with background as free parameter

* Background:

B(1+2 v "¢ v ¢ cos(2AD))
v, — elliptic flow

e Different fit methods for
determination of B

* Assume there 1s no yield correlated
with the jet at some point

* Zero Yield At Minimum (ZYAM)
* Zero Meld At 1 (ZYAL)

* V, €ITOI -> systematic error on
correlations assuming ZYAM is correct

Christine Nattrass
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Assumptions in background subtraction

* The only background 1s elliptic flow

e Elliptic flow 1s independent of jets and therefore the
correlations can be separated into two independent
components

e There 1s a point in azimuth where none of the
correlations are due to jets

Any conclusions are heavily dependent on the
validity of these assumptions!
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Near-side: Method

 Ridge previously observed to be flat in An in Au+Au

* To determine relative contributions, find yields for near-side, take
A(I) pI‘O] eCtlonS mn Au+Au 0-10% STAR preliminary

e -0.75<AN<0.75 Jet + Ridge s
+ 0.75<|An|<1.75 Rid

* Jet = (Jet+Ridge) —
Ridge™.75/1.75

* Ridge = yield from
-1.75<An<1.75 — Jet yield

* Flow contributions to jet
Cancel nucl-ex/0701074

e v, flat with n for Inl<1
e Phys. Rev. C72.051901(R) (2005). Phys. Rev. Lett. 94. 122303 (2003)
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. . . nucl-ex/0701047
p-distribution of $ o N

1 STAR preliminary

associated particles

]
L}
1]
]
-]
0
q

0 Rid%e spectra similar =

to the bulk e e
e Cu+Cu z [
measurements A B ot
probably not possible, 2 [ «:-
- Jet spectra are S B SRR SN DT
Sl |ght|y harder . J.I P%tschke, QM 06 | Py ass0c. o
e Cu+Cu T within€rror ol A2+ 20 MeV

of Au+Au TN I P T I

0.5 1 15 2 25 3 35 4

Trigger Carfde (PR MON |yt PEOpYeY passociated(GeV/c)
h+"- 438 = 4 (stat.) 478 = 8

KO, 406 + 20 (stat.) 530 = 61 Fit to A exp(-p,/

A 416 + 11 (stat.) 445 + 49 T)
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Two Analysis Techniques

Measure 1-, 2-, and 3-Particle Densities

d*N d’N . . d>N
| )X : P (Dy i"[).li)X - -
dj . dDj , TOrTMTan L dDy

3-particle densities = superpositions of truly correlated 3-particles, and
combinatorial components.

We use two approaches to extract the truly correlated 3-particles component

P( )X

« Cumulant technique: « Jet+Flow Subtraction Model:
C(09,,09,,)=p(00,.00,) -, (80,00 0= P00 Q) | Hiag,.09,)= 8(84,,.09,,)- B(29,,)B. (A,
~py (00,5~ 09, ) 1)+ 20D 2)A0) -8(0¢,)B,(9,) - B(L¢,,.09,)
PROs Simple Definition Intuitive in concept
Model Independent. Simple interpretation in principle.
CONs Not positive definite Model Dependent
Interpretation perhaps difficult. | v, and normalization factors
Ses/pegter 36 by C. Pruneau & nudiguR6PRMNZL, fdr TERARRELSy J. Ulery & nucl- 52

ex/0609017/0609016



Measurement of 3-Particle

Cumulant

A

250¢
200i

» Clear evidence for finite 3-Part Correlations
* Observation of flow like and jet like structures.
- Evidence for v,v,v, contributions

1 1uwv
PN R TR AT ) IV ) MO I i 0.95

1| | 11
50 100 150 200 250 300 350 % 50 100 150 200 250 300 350 % 50 100 150 200 250 300 350

Ad Ad A
2(23)r (1) 12 (A¢ 12 ¢12

2,A¢13) STAR Preliminary
IU.D
0.4

0.3

150F
100F
50i
%

ALY

0.98 50

C,

<350
<

A
o
@
A

I0.5
0.4

0.2 -0.3

0.1
0

0.2

0.1

50 -0.1

0

% 50 100 150 200 250 300 350 & 50 100 150 200 250 300 350 O 0.1
Ad A
12 C M 5507300 350 02
A(1::'12
05/25/08 Claude Pruneau, for the STAR Collak ;Ui

|8
=g )
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3-Cumulant vs. centrality SFAR Preliminary

04 ~
Lo = - 02— - - =
T e R T e T R R -~ ST
N ~ (A0,,*49,,)/2 (A9,,*00,,)/2
0.04F - = 1F — 0.6 —
0.02- o 0.5- Lol |
o — .~ T =] - - i -
—_-r - —._—_h _h——._ - -7_— o _—___ —_—_ ? I ?
b0 = k:? Interplay of jet & flow?
(Ad,,-00,,)2 (A, A0, )12 (A9, *Ap, )12

05/25/08 Claude Pruneau, for the STAR Collak
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Au+Au 0-12% (shifted)
Au+Au 30-50%, 10-30% and 0-10%

.47+0.02

Angle (radians)
o o N
- 0 e

iy
-~

Cone
—
o

=Y
[

- - - -
N O T
\III|IIII|II\I|II\I|IIII|III

oo e e e b e e ey
3.5 4 4.5 5 5.5 N 6
part,1/3

(5

wd
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J-particle correlations: STAR

Ulery (STAR) QMO05

o Trigger particle 3<p,<4 GeV/c 5¢

with pairs of associated A
particle 1<p.<2 GeV/c..

* Complicated background...
— Raw signal contains
(Jet+Bkgd) U (Jet+Bkgd).

— To obtain Jet [] Jet we must
subtract Bkgd [ Bkgd and
Jet L Bkgd (and Bkgd [
Jet.)
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Correlate Jet (An(J)) and Jet+Ridge (A (J+R)) widths & yields via centrality

pt,assoc. > 2 GeV pt,assoc. > 2 GeV
0.45 )45
= - . = C .
< o4 ® 3 <ptrig) < Yield <9]' 045  STAR preliminary Width
S . 4<p(t”g)<5 central = F
D 035 = 035
2 - 5<p(tr|g) A —J‘— © = g G
% 03 V¥ 6<p(tr|g)<12 + ......... S 030 + ++ +* %‘
pS - P e > F + e S
C 0.25— + + O 0.25—
- P - A,
9 o02F e % 0.2 5.
015t & { e e +F}‘“’F+ 4
. — i e . — o .
- ¢ - - o 3<ptrig) <
0.1 . L 5 0.1— ul 4<p(trlg)
E_ : ..... " periph. STAR preliminary E_ 5<p, (trlg)
0.05E o 0-055 v 6<p(tr|g)< 12
O os o1 o5 02 025 03 O 005 01 015 02 025 03 '6.|35" 0.4 045
Jet yield (An) Jet width (An)
- Jet+Ridge yield increasing with centrality
« Jet+Ridge shape asymmetric in An and A@
05/25/08 Purdue University December 10th
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Correlate Jet (An(J)) and Jet (Ag (J)) widths and yields via centrality

pt,assoc. > 2 GeV pt,assoc. > 2 GeV
S 035 05
d e 3< P, (trig) < 4 Yield S g4s5— @ 3< P, (trig) <
o 030 g 4< pt(trig) <b 4 m 4< P, (tng)
2 5.<ptrig) < 6 £ ™ 5<p ‘tig)<6  periph.  central
E 0.25 v 6<p.(trig) E 035~ y 6< P, (trlg) <12 ............. >
Q 03 s
0.25

(=
3=
IIII|IIII|IIII|IIII|IIII|IIII|IIII
A
—
P

A I R R
+
MH:

0.15 0.2
0.1 ‘?@ 0.15 4-}_* T Width
s 0.1 e
0.05 .‘. e 3 STAR preliminary ) STAR preliminary
0.05
o-":‘lll|IIII|IIII|IIII|IIII|IIII|I||| oo I|III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0 0 05 01 015 0.2 025 03 035 04 045 05

Jet yield (An) Jet width (An)
« Jet yield ~ symmetric in Anx A@
- Jet shape ~ symmetric in Anx Ag for p,;, > 4 GeV

(asymmetric in An for p,,, < 4 GeV)
05/25/08 Purdue University December 10th
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A caveat...

o Large backoronnd enhtraction
Raw

1/Ny;q AN/d(A)
[
@

8.4— —

I | | 1 | | | 1 | | | 1 | | | I | | | 1 I | | | 1 I | | 1 | |

-1 0 1 2 3 4 5
Ad

L
L

J
J
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3-particle correlations: STAR background

e Add page(s) w/ equations
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Correlate Jet (An(J)) and Jet+Ridge (A (J+R)) widths & yields via centrality

Jet+Ridge width (Ag)

pt,assoc. > 2 GeV

0451

0_43— STAR preliminary Width

0.35 o
3 e %

0.3_ |——T—< i o //2
= A
T

0.25— _‘}_ .‘,.-‘“
- Y30 .

0.2— ,OQ/‘ o
z W %

015 ’ . :
C e 3< pt(tng) <4

0.1 m 4<p/lig)<5

- 5 <p,(trig) < 6

0.05— t
= v 6<pt(tr|g)< 12
7T"||||||||||||||||||||||||||||I||||I||||I||||

00 0.05 01 015 0.2 025 03 035 04 045

Jet width (An)

 Jet+Ridge yield increasing with centrality

» Jet+Ridge shape asymmetric in An and A

pt,assoc. > 2 GeV
— 0.45¢
S o o 3<plro<s Yield
S = 4 < pt(tng) <b central
© 0350 , 5<p(tig<6 4 —J‘—
-y 6<p(rgg<t2 i T e
O 03F p,(rig) +
-'9 - S, BN
C 0.25— +
X C ﬁ% e
O 02 e
el * o
0.15— . e
E . b
0.1— . W
- - : STAR preliminary
005 S periph.
0;'1"-:‘|||||||||||||||||||||||||||||
0 0.05 0.1 0.15 0.2 0.25 0.3
Jet yield (An)
05/25/08

Purdue University December 10th
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Correlate Jet (An(J)) and Jet (Ag (J)) widths and yields via centrality

pt,assoc. > 2 GeV pt,assoc. > 2 GeV
S 035 05
1 e 3< P, (trig) < 4 Yield S a5 @ 3< P, (trig) <
o 030 g 4< pt(trig) <b 2 m 4< P, (tng)
2 5.<ptrig) < 6 £ ™ 5<p ‘tig)<6  periph.  central
o 0.25 v 6<ptrig) E 0.35 vy 6< p (tng) <12 . ‘.‘..:,..r:'. ............ >
> D 03 s
S .
0.25

(=
3=
IIII|IIII|IIII|IIII|IIII|IIII|IIII
A
—
P

A I R R
+
MH:

0.15 0.2
0.1 ‘?@ 0.15 4-}_* T Width
s 0.1 e
0.05 .‘. e 3 STAR preliminary ) STAR preliminary
0.05
o-":‘lll|IIII|IIII|IIII|IIII|IIII|I||| oo I|III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0 0 05 01 015 0.2 025 03 035 04 045 05

Jet yield (An) Jet width (An)
« Jet yield ~ symmetric in Anx A
« Jet shape ~ symmetric in Anx Ag for p,;, > 4 GeV

(asymmetric in An for p,,, < 4 GeV)
05/25/08 Purdue University December 10th “"’M
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Away-side: Motivation

e See shape change 1n 2-D correlations

e apparent peak at dphi != p1

e already see strong dependence on the background
subtraction

e Qualitatively STAR and PHENIX see the same thing
e shape change as you go peripheral -> central

e quantitatively STAR and PHENIX disagree
dramatically on size of systematic errors

Christine Nattrass Banska Byvstrica. Jan. 4. 2007



3-particle correlations

* Two different approaches to measurement w/
different ways of plotting data

e Similar qualitative results — weak support for conical
emission

e Statistical errors - can be reduced

e Systematic errors — can they be reduced?
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