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* The Jet — energy, system, and particle
type dependence
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type dependence

e Comparison to theories
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Phase diagram of nuclear matter
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e Lattice says crossover at uyg =0

* Some discussion on methods to extract T¢c (175 < Tc/MeV < 191)

» Lattice suggest the transition becomes 1st order at us above the
critical point (2"? order at the CP)
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The phase transition in the laboratory
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Relativistic Heavy Ion Collider
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PHOBOS

 Coverage:

With tracking:
0<$<0.2, x2
0<n<l.5

Without tracking:
0<p<21r

3<n<3

Christine Nattrass (Yale), LLNL, April 14, 2009




PHENIX
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STAR

STAR Detector

Silicon Vertex
—Iracker

Magnet

 Coverage:

0<p<2T1T M
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_ < < — aimber
n 1 Time Of
Flight

e Electromagnetic
Calorimeter
allows triggering

Electronics
Platforms

Forward Time Projection Chamber
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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

Parton

e Individual jets difficult to reconstruct

» Study jets via correlations of particles in
space

Parton

*both azimuth and Hadrons
pseudorapidity

A, A K’ E E..
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Why study jets in heavy ion collisions?

e Hard parton scattering = back-to-back jets
e Good (calibrated?) probe of the medium
e High multiplicity in A+A collisions
e Individual jets difficult to reconstruct

e Study jets via correlations of particles in
space

*both azimuth and |V sk
pseudorapidity
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Why study jets in heavy ion collisions?
e Hard parton scattering = back-to-back jets

e Good (calibrated?) probe of the medium
e High multiplicity in A+A collisions
e Individual jets difficult to reconstruct
e Study jets via correlations of particles in
space

*both azimuth and ' #884
pseudorapidity

Associated
n ==In(tan(0/2))
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Introduction to the Ridge
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Motivation — Jet and Ridge

nucl- ex/0701074 _f_:__,,_,,_f;f-;-r:[::;:--_-m

* Long-range pseudorapidity
(An) correlations observed

by STAR in AutAu at
intermediate p_

* Near side jet peak sits on
d+Au 0-10% STAR prellmlnary .,._f"“‘“m .
o e I plateau (Ridge)

3 12—: T V //-/

gpm>2 o -~» ._ﬁ_ﬁ'ﬁjﬁjjj-....__...__jjj_' * Significant contribution to
P [} OO the near-side yield in
central Aut+Au
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Extent of Ridge in An

= assoc
% 0D.14— J t pT > 2 GGV - a{pmg‘:dGEU
E B . e o 4<p <BGeV
012~ © -
B = P E{pl_"gvz‘IEGE"u"
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0.08— .
0.06/ 2
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e Ridge yield approximately independent of An

» Jet increases with p "¢
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Method: Yield extraction

* Ridge previously observed to be independent in An in Au+Au

* To determine relative contributions, find vyields for near-side,

take A® projections in

e -0.75<An<0.75 Jet + Ridge
e 0.75<|An[<1.75 Ridge

* Jet = (Jet+Ridge) —
Ridge™*.75/1.0

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

h+h

e Flow contributions to Jet
cancel

e v, iIndependent of 1 for Inil1

* Phys. Rev. C72, 051901(R) (2005), Phys. Rev. Lett. 94, 17 oo

R ,ass0C. ™

Au+Au 0-10% STAR preliminary nucl-ex/0701074
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Jet-like peak width in central Au+Au

_: [
S 0.5~ STAR Preliminary 3.t AdNaan Putschke
2 - P> 2 GeV gi ﬁi T WWNDO8
S 04 W T
T, — of- + =
S F o o
S 03 5"’M A Y522
- I T Ap(an)
- ¥
0.2— "
- ¢ d
01— » o(AnU)Au+Au [ 6(An(J)) d+Au
C 2~ o(A¢(J)) AutAu 6(A0(J)) d+Au
_I 1 1 1 | 1 11 1 | 1 1 1 1 | | I I | | | I I | | [ I | | 1 11 1 | 1 1 1 1
0, 3 4 5 6 7 8 9 10

t,trig

o Jet peak symmetric in An and Ag for p_"# >4 GeV and

comparable to d+Au

e Jet peak asymmetric in An for p_

broader than d+Au

trigger

<4 GeV and significantly

Christine Nattrass (Yale), LLNEL, Avril 14, 2009
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Extent of Ridge in An

Wenger QM08

Au+Avu 0-30% central

T T | T T T I
— PHOBOS preliminary

- —&— Au+Au 0-10%
1_ = PYTHIA v6.325 l!

1 l 1 L1 | I L1

tn& ch
| ]

1/N__dN /dAn

———
2'_ PHOBOS preliminary

—— Au+Au 0-10%

PHOBOS preliminary

—&— Au+Au 0-10%

------- PYTHIA v6.325
s PYTHIA v6.325
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Track merging

An projection A¢ projection

Bombara

256~

E LRI
m; + WW wﬁﬁﬂﬁﬂm
2520~ U il ﬂHﬁ 1 }[

25}-

2521

2491

e Intrinsic limits in two-track resolution =loss of tracks at small A¢p, An
— Crossing of tracks,true merging of tracks

« Particle type dependent: affects reconstructed vertices (KOS,A,E) more

trigger assoc

« Dependent on p,_: aftects lower p_ ™, p_ ™" more

* With Ridgel/Jet separation method affects Jet only
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Track merging correction

Calculate number of Bombara
h_tr=-1 SQMO7

merged hits 1n a track pair nes- =
h_as = -1
from traCk geometry § g 2.00<=pt,trig<2.50 1.50<=pt,asso<=pt trig centrality 0-10% .

If the fraction of merged
hits 1s greater than 10%,
throw out the pair

Do this for real and mixed
event pairs

h tr=1
. . . . - enuine merging, most h_tr = -1
Bin by helicity of trigger """ Visbleforlow ptfriggers 1 ss- -
and associated and retlect h tr - helicity of trigger

the points from unaffected  h.as-heliciy of associated
helicity bins to recover
dip

Christine Nattrass (Yale), LLNL, April 14, 2009
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Determination of yields and errors

* Background:
B(142 v, v 50¢ cos(2AD))

. tig<@ 1. Ge\/<p_assoc trig °
30 %?X;ZTijg’uiszlzooeg;& P * Different fit methods for
3.450 : .
2 sab .-' * Zero Yield At Minimum (ZYAM
:-é 3.4 :
= TN N * 1 point, 3 points
=] 3_3§:sa -+ § e . —+ &
b PN 4 * B as Free parameter (used as best guess)
I ﬂ:’ B+ £
N . o
3.15;1"":%:;}‘; ----------- K};’- ------ V2 CIror
e BN T m m— , :
Tttt e v, measurements in Cu+Cu n progress
------------- fit with ZYAM with 3 points, best v,
............. At with ZYAM with 3 points, high v, « Upper bound for v, measured
------------- fit with ZYAM with 3 points, low v, . .
------------- fit with ZYAM with 1 point *V,= 10-15% depending on P centrality
------------- fit with background as free parameter

e Estimate for lower bound, near O
e A, A, K% E* E.. v,: large statistical errors

9

e Assume quark scaling of h v, in Cu+Cu 20
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Caveats and assumptions

e Jet: track merging

— Correction CPU intensive, 1n progress

— 5% in central Au+Au for p "¢ ~ 3 GeV/c, p,**° ~ 1.5
GeV/c for h-h

— Increases for lower thrigger, p
* Ridge: ZYAM

e Jet and Ridge: assumption that Ridge 1s
independent of Ay

J%¢, 1dentified particles

— If not, may overestimate Jet

Christine Nattrass (Yale), LLNL, April 14, 2009
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Au+Au collisions
at 1/sNN = 200 GeV

Christine Nattrass (Yale), LLNEL, Avril 14, 2009
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Jet is like p+p, Ridge is like bulk

% 1 " inclusive
> f e, .
a - s e Ridge, 4<p, ;<6
] Y. O Jet, 4<py;,<6
va i S A Ridge, 6<p,;,;,<10

10k S N A Jet, 6<pyy,<10

102 #M ;

- Putschke WWNDO8
1073 P I R R | P T I S TR IR
1.5 2 2.5 3 3.5 4 4.5

t.assoc.

* Spectra of particles associated with Ridge similar
to inclusive

* Spectra of particles associated with Jet harder
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Fragmentation functions

 Measure hadron
triggered fragmentation
functions:

h1,h2
D" (z)
ZT:pTassoc /thrigger
o Jet+Ridge: D" (z )
different for d+Au, AutAu

o Jet only: D"*(z ) within
errors for d+Au, AutAu

_"""""""""'""""';"'2'5;5'<"3'c'ae'\}/c'_
~ ° [ | 3<p <4GeV/c .
B Rldge-I-J et A 4c< p <6 GeVic ]
B v 6<p <10GeV/c
- ® nucl-ex/0604018
- Q ® . -
®
al— « A —
u Y- u W ¢ + é
2— A —
_ v ?} ? } fl ]
A it I f{. """" $
O 863 64 a5 oe o7 s e
Zy
] IR L I LA B BN ELELELEL BN WA I I
n ° 25<p <3GeV/c—
- u 3<p <4GeV/c ]
6__ A 4<p <6 GeVic ]
i v 6<p <10GeV/c
- ® nucl-ex/0604018
4t— —
- Jet only 1
ol— —
iy,
°o""u|1'"'u'z""o.ls""o.|4""o.|5""o.'s'"b]?"'b.ls""ug"z'H
Horner QMO06 T
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Jet/Ridge w.r.t. reaction plane

Feng QMO8

in- plane '1” =ﬁ@f§) (15°,30°% (30°,45°) (45°,60°) (6@0,75°Dut-of-p|aﬁeo‘{/8=900
Ridge > 20-60%
s ]
0.1} 4 B e e e e 0%
~ s &Y s |ah e, | T T T[T = %
<] , 3
° oF , ,
= , ‘
-OU)
= Jet
= 7
= 91 -z _—— e ey = = T == = = ] N S >, ¢ S
% 3<p <4 tr'91<2 0 GeM/c ' 4 =
Pl p b Bt bt Y
o A PRTIT A SN AL S ikl
< 02 . ‘ i - A 2 4 0 2 4 0 2 4 o 2 4 0 2 4
@ |20-60% Jet part, near-side Ady =
g e Jetp A=, -, (rad)

V] e Rldge part, neal’-Side

0.1

0.05

* Ridge yield decreases with ¢,. Smaller ridge yield at larger ¢

- Jet yield approx. independent of ¢g and comparable with d+Au

Jet yield independent of ¢4 consistent with vacuum
fragmentation after energy loss and lost energy deposited
in ridge, if medium is “black” out-of-plane and more “gray”

in-plane for surviving jets.
19
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Ridge yield vs. pt,trig in Au+Au

Prassoc. > 2 GeV
g = e Putschke
O - ® Minbias 40-60%
2 0.14¢ WWNDO8
() — ®  Minbias 30-40%
o012
E - N o Central 0-10% ]
0.1 A
0.08— \ \
- |
0.06— - I
0.04 +
0.02] N
u ~ STAR preliminary——
o e STt
.0.02—
0.04 | | | | | |
| |
2 3 4 5 6 7 8 9

p

t.trig

* Ridge yield persists to highest trigger pt =
correlated with jet production
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Ridge energy

STAR, Phys. Rev. Lett. 95 (2005) 15230

*Applying this “2-component

E 14 ) i
E B 0.15 < pt,assoc < 4 GeV - p|Cture tO |OW€I‘ pt,assoc
e F ' } } <——} "Ridge measurements:
> ! energy”’
g °C l Zt,jet(Au+Au) ~ Zt,jet(d+Au)
2 - ) i . .
[ ! i - : : «“Ridge—> SUbtracting p+p jet energy
> 8 ] . ’ * PR } iage
e e - ! energyfrom Au+Au
[} 6— u ? .
- S - supper estimate of the energy
P, ; 5 GoV deposit in the
B < t,trigger < . ~
2= G<p,. . <10GeV rldge few GeV
o | | | | | | | *“Direct” measure of energy
-%0 0 100 200 300 400 500 600 7?1?‘4 chfdl:]{]ﬂ IOSS f?
Putschke
WWNDO08
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3-particle correlations

An, =A1-T T .
An,=A2T
G - W X VR Y- R I B

\
An,, Ny2

AuAu 0-12% |

0
o 2 : x10 o
= F 2" [Fis00
An, < 15k , enhancement
Anl 1:_ i0
: asymmetry
s “

454050 051 1.5 0.2
An,

3< p_l_trigger<1 01 <p_|_assoc<3 |A¢|<O7

e Ridge appears uniform event-by-
event within STAR detector

Christine Nattrass (Yale), LLNL, April 14, 2009

associated 2
associated 13

Ridingilow: githare bias

S. Valoslgstonetlh/PRL06B KODPhys. A749, 287
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3-particle correlations

d+Au random AuAu 0-12%

.
An, sk 1.5
b ]
0.55—
L0 3
An, =A1-T 1; -0.1

1
C.5
i
ot o 454050 05 1 1.5 0.2
2 15 A1 -0.5 0 0.5 1 1.5 2 J.:“.]
A1112 1

£ 0
0.5
-1
1.5

e I

3< p_l_trigger<1 01 <p_|_assoc<3 |A¢|<O7

e Ridge appears uniform event-by- ﬁ&lz/ rigger
event within STAR detector t:\ D o6

Radial flow + trigger bias
S. Voloshin, nucl-th/0312065, Nucl. Phys. A749, 287
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3-particle correlations

AuAu 0-12%

" 2 <10 0
- C 2 0
An, 3 1sb " [BP%_ enhancement 1.5
An, 3 0 ]
b asymmetry 0.4
sf .

c
0 - n

0.5

e I

: 4
Ar]l =A1-T 1;: d&llen .8 -0.1
An, =A2-T : 151050 05 1 1.5 0.2
2345 4 05 0 05 1 15 2 0 \Nyp an,
Any,
3< p_l_trigger<1 01 <p_|_assoc<3 |A¢|<O7

e Ridge appears uniform event-by- igger

event within STAR detector o6

associated U&B

[

Long. flow picture
Armesto et al, PRL 93 (2004)
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AutAu vs =200 GeV Summary

- % 1 * ~ inclusive N'_ [ ] 2.5|< p:igl< 3 GIeV/c—
o4 o Minbiss 40-60% n';;. N - o Ridge, 4<pyy.<6 ég m 3< p$g<4GeV/c 1
— = \inbias 30-40% * » F=Prig< i -
%0'12? T N ‘\:Aent?ra\ 0-?;: 'E’ R . O et d<py mg<eg % 6(— A 4< pn: <6GeVic ]
A ; S A e i
0.08 T~ P 10" A et B<py < %
D.DG; I — :,;l— - ]
0.04: o 2\ : -
0.020 . T~ 5 0k é , Ridge Sub. B
o ~ STAR preliminary — F o M ?i
. F - ] = §
0.025 S © ) SN SR IS WA AT S | P B Iwﬁ::l:’:-.
.0,045‘ ‘ | L | | s T I T 61 02 03 04 05 06 07 08 09 1
3 2 5 6 7 ] 1035 2 25 3 a5 4 o 15 T
pt,tng t,assoc.
® L) L] L)
Ridge persists to Ridge is softer than Jet, Fragmentation function
) trigger J s N .
high p_ comparable to inclusive with Ridge subtracted
L ) L ) L )
similar in d+Au, Au+Au
oz 02 ; .
51 @ |20-60%ijet part, near-side
E 0.15 < Py 100 < 4 GEV =
T - - “Ridge - o
. l } } } enory” CRCIN ridge part, near-side
% s o L : ; ; “Ridge \\\ 5 |
E, - T : t ! } energy” a1l * g :H
6 H
e -
e
= - 4< pmriggsr <6GeV -~ )
2; 8 < Pyyyigger < 10 GV 0.05 +_ """""""
fao 0" roo " s00 300 ko 500600 Yoo boo '
dN_ /dn i | . | .
% 20 40 &0 80

Ridge contains a few GeV 4,70, Tep (deg) 1.5 - -u.5&u 051 15
An,

of energy Jet almost independent of Ridge uniform event-by-event
reaction plane; Ridge
dominantly in plane
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The Jet

Au+Au 0-10% STAR preliminar
.g 470_; ' 3<pt,tr|gger<4 Gev - e e

 Prsson

c ]
:g 450—§
4407 .
430
201
4109
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Particle type dependence

Christine Nattrass (Yale), LLNEL, Avril 14, 2009
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Ildentified trigger: Near-side Yield vs Npar

3.0 GeV/c < p,"9r 6.0 GeV/c; 1.5 GeV/c < pT@‘SSOC'ateol < p trigger

0.22r \/S\n=200 GeV, |An|<0.7
0.2 :A:umu %-wu Eﬂu r:“hh
0.181g % S AT
Sote =Eh |
Jet 1eld - -5”‘”;— TR Ead
No trlgger type s | )i +4 4
< 0.1 ! ;
dependence” g 7 et
O > '
= 0.06 -
0.04 -
n.uzi—
“1_ — I1|g — I'Iltllz <Npalrt>

d+Au, Au+Au Vs, =200 GeV from nucl-ex/0701047
Cu+Cu Vs, —200 GeV from SQM2007

Data points at same N__ . offset for visibility

Jet yields: 10% error added to V° and h triggers to account for track
merging, 15% to = triggers
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Identified associated particles " *.

* Associated baryons
and mesons 1n Jet
similar

Vs,,=200 GeV Au+Au 0-10% Cu+Cu: 0-54%
Vs, =62 GeV Au+Au 0-80% Cu+Cu: 0-60%

nucl-ex/0701047, SQM2007

—t

1/Ntrigger1/pTdN/de (jet near-side)

10*

Cu+Cu 200 GeV
Oh-h

O (A +A)/2-h
AKZ-h

W (E+2)/2-h
®h-(A +A)/2
Ah-KQ

= STAR Preliminary

o5 1 15 2 25 3 35 4

p:ssociated(G eV /C)
Fits assuming 1/p, dN/dp, = A p. exp(-p,/T)
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Ridge composition el

ow 2.5 " : 2.5
b = _ inclusive p |, 0-5% Au+Au o + bint T j
= | STAR preliminary E inclusive p’, 20-40% Au+Au :p P/ : ::: 200
- 7 inclusive p:, pHp " Suarez, QM08 3 o
Py B ridge. 0-10% Au+Au 2r i
B A& jet, 0-10% Au+Au - 5 Rdga
B 89 /. jet 0-54% Cu+Cu n
n i » 1.5 —
1.5 8y # -
! ® 17y O :
- EDEI [l L
1 - [l g' @ .
| 0.5 &
i = ’ v
0.5 EF O é -
=1 0 =
B & -STAR Preliminary
_I::] | Au+Au 200 GeV Run IV
A TN TN T N T NN TN N NN T NN TN N (NN T NN TN N AN SN N A Y TN M 0.5 b b bvenr by b bonna b b bana s
qﬂ 1 2 3 4 5 6 1 15 2 25 3 35 4 45 5 55 6
M. Lamont (STAR), J.Phys.G32:5105-S114,2006 p*s°c (GeVic) P, (GeVic)
J. Bielcikova (STAR), v:0707.3100 [nucl-ex] T

C. Nattrass (STAR), arXiv:0804.4683/nucl-ex

e Baryon/meson ratios in Jet in Cu+Cu and Aut+Au similar
to p+p for both strange and non-strange particles

Christine Nattrass (Yale), LLNEL, Avril 14, 2009
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a

[

Energy and System dependence

4
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p.eser dependence

T

0.16 O Cu+Cu 62 GeV

~ @ Au+Au 62 GeV
014 * d+Au 200 GeV

_ 7 LCu+Cu 200 GeV

o - M Au+Au 200 GeV

3012 [ Pythia 62 GeV*2/3

= ~ [ Pythia 200 GeV™*2/3
< 0.1
S
T -
© 0081
o -
- 0.061 .‘ !
— 0.04 K |
0.02 .
] STAR Preliminary
T. | | | | | 1 | | | 1 | | | |
05 2.5 3.5 A 4.5
P, 99¢T(GeV/c)

e Pythia 8.1 describes trends 1n data up to a scaling factor

- Gets energy dependence right — this 1s a pQCD effect

— Stronger deviations at low p. ", as expected

Christine Nattrass (Yale), LLNL, April 14, 2009

J. Bielcikova (STAR), arXiv:0806.2261/nucl-ex
C. Nattrass (STAR), arXiv-0804.4683/nucl-ex3 &




0.25F | - -
i Y; I 2 20 AN v-_v:v:v’t‘_ __1 _2
0.2 TN
g— i v v A * v V_—1 %
20.155 ‘s I Y082
Z ) i:v'v Vvl A-"'A. : ] -c:_
U.g’ AAA v Y va: V- A A.A:A- __016 %
Zz 01, T 4 a2
; N/ v ‘:A'v VWA 10.4<
i . v VA -1 )
— AV va ty , \& * |
0.05: Y, T8RS R v + Pythia 62 GeV 0.2
[ . a4 o v P h| 2 V ]
e et L yia 200 %

 What can Pythia tell us?

31230 02 04 06 08 P
z_= p,"9e/pTHat

- Higher z_ (lower jet energy) in 62 GeV for same p_ "

pTHatMin = the parameter in Pythia for the minimum transverse momentum in the hard subprocess

Christine Nattrass (Yale), LLNEL, Avril 14, 2009
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15 -
107 © B o L Y
D -2 v v v ;X;Qj_v_~A-_A_. i —
7610-3_ pe R | .g
%10 N v ‘A- A E
-4 Aly _A_‘A' ]
2‘1 0_5 AAVyv A :0-8 -ch
(610 = AAVyvv . _A;A:A:A- —_06 %
S10°¢ B I
2107 o, - 1042
© -8§ “ e v A i A
10°° U . Pythia 62 GeV 0.2
109 Ta T * Pythia 200 GeV -
0 5 10 45 20 25 300 02 04 06 08 F
pTHat

 What can Pythia tell us?
- Higher z_ (lower jet energy) in 62 GeV for same p_ "

pTHatMin = the parameter in Pythia for the minimum transverse momentum in the hard subprocess

z_= p,"9e/pTHat

Christine Nattrass (Yale), LLNEL, Avril 14, 2009
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p associated dependence

Q_l— O Cu+Cu 82 GeV
o ® Au+Au 62 GeV
= * d+Au 200 GeV
S 41 [ 1Cu+Cu 200 GeV
- 10°F M Au+Au 200 GeV
2 ¢ ‘ JPythia 62 GeV*2/3
s B Sy @ Pythia 200 GeV*2/3
&5 | T lw
m " gy
2 B Wy
= [
< 102 g
L=, . s
Q _ TN ~%
o8 L
© ~ STAR Preliminary
- 10-3 I ! ! | | ! ! ! | ! ! ! ! | | |
1 1.5 2

* No system dependence
* Pythia 8.1 slightly harder than data

* Diverges slightly from Pythia 8.1
at IOWGI‘ pTassociated

2.5 3
p_a:_ssomated(G EV /C)

/ Inverse slope parameter \

Vs =62 GeV Vs _ =200 GeV
Cu+Cu 317+26 445 + 20
Aut+Au 355+21 478 + 8

d+Au 469 + 8
417+9 491 + 3

\\ Pythia

Statistical errors only

/

Christine Nattrass (Yale), LLNEL, Avril 14, 2009
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N dependence ey O
part P B8
0.16 T
- . N
0-1 4 __ | ) - - 1
$0 12:— | - | 0Lm
- = 1 O Cu+Cu 62 GeV
s 01 = | | ® Au+Au 62 GeV
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= 006 | ® @ Pythia 200 GeV*2/3
Q . . @ Cl) | ‘ o
= 0.04 O | | CI)
0.025" STAR Preliminary
[ ! ! Lol . ! Lol
0 2
1 10 10
-:Npart::-

* No system dependence

o Some deviations from Pythia 8.1 with increase in Npart

— Incomplete Ridge subtraction?
— Jet modification at low p_?

J. Bielcikova (STAR), arXiv:0806.2261/nucl-ex

‘Cﬁristine Nattrass {Qfa[e ), L Lg\[ r, ﬂpri[ 14, 2009 C. Nattrass (STAR). arXiv-0804 4683nucl-ex 42



Conclusions: Jet B,
 Pythia describes datawell L

— Scaling factor needed but Pythia 8.1 1s not as tuned as
earlier versions

— Energy dependence 1n Jet 1s pQCD effect

— Trends for p_ e, p_**° dependence right
e Particle ratios similar to p+p

— Jet production mechanism dominated by fragmentation

— Separation of Jet and Ridge works
— Effects of triggers which don't come from jets small

— Pythia can be used to estimate z_ distributions, jet energy

Christine Nattrass (Yale), LLNL, April 14, 2009 43



The Ridge

Au+Au 0-10% STAR preliminary .
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& 450°
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Particle type dependence

Christine Nattrass (Yale), LLNEL, Avril 14, 2009
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Identified trigger: Near-side Yield vs N j
part i

3.0 GeV/c < p,"ee 6.0 GeV/c; 1.5 GeV/c < p ssodated < p
. 5:—@=ioo GeV, An|<1.7 STAR preliminary
T Om h-h
E B FANEY Ks;h
%10-4_— % ¢ %%:
. ) = [ —Vperror
Ridge yield - Sog
No trlﬁger type 2 ¢
dependence S0
w. L
Q)
o1
x -
o
{_ |
10 10° <N_parl:>

Au+Au Vs, =200 GeV from nucl-ex/0701047

Cu+Cu Vs, ;=200 GeV from SQM2007
Data points at same N__, offset for visibility

Christine Nattrass (Yale), LLNL, April 14, 2
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Ridge composition
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* Baryon/meson ratios in Ridge similar to bulk for both
strange and non-strange particles

Christine Nattrass (Yale), LLNEL, Avril 14, 2009 47
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N

Energy and System dependence

4

Christine Nattrass (Yale), LLNEL, Avril 14, 2009
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part

Au+Au 0-10% STAR preliminary R
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» No system dependence at given N

J. Bielcikova (STAR), arXiv:0806.2261/nucl-ex
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Au+Au 0-10% STAR prefiminary ...
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» No system dependence at given N

e Ridge/Jet Ratio independent of collision energy

J. Bielcikova (STAR), arXiv:0806.2261/nucl-ex

‘Cﬁristine Nattrass (Yale), LLNL, Avril 14, 2009 C. Natirass (STAR), arXiv-0804.4683/nucl-ex 3 ()



Conclusions: Ridge

e Extensive data on Ridge
— Cut+Cu, AutAu consistent at same Npa ;

— Ridge/Jet ratio independent of energy
— Persists to high p, e

— Ridge looks like bulk
o p, ¥ dependence, particle composition

* Jet agreement between different systems, with scaled
Pythia

— Simulations can be used to approximate z_ distribution for
comparisons of data to models

— More steeply fa}lin(% /] et spectrum in 62 GeV — stronger bias
towards unmodified/surface jets

e Could explain smaller Ridge yield in 62 GeV

Christine Nattrass (Yale), LLNL, April 14, 2009
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Comparisons to theories

Christine Nattrass (Yale), LLNEL, Avril 14, 2009
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Models

e Radial flow+trigger bias

S. Voloshin, nucl-th/0312065, Nucl. Phys. A749, 287
C.. Pruneau, S. Gavin, S. Voloshin, arXiv:0711.1991v2
E. Shuryak, Phys.Rev.C76:047901,2007

— Works for one set of kinematic cuts in
central Au+Au at 200 GeV

— Need more detailed comparisons (energy
dependence)

— Model needs some refinements
(momentum conservation)

e Plasma 1nstability

QCD magnetic fields, Majumder et al,Phys.Rev.Lett.99:042301,2007
Anisotropic plasma, P. Romatschke, PRC,75014901 (2007)

— So far unable to make enough Ridge
without Radial flow+trigger bias

x -1 JFS + broad

lCIiristine Nattrass (Yale), LLNL, Avril 14, 2009 43
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Models

* Longitudinal flow O

Longitudinal flow, Armesto et al, PRL 93 (2004) (referenc) Broadenine Anisotiopic shape

— Problems due to An width

Armesto et al, PRL

e Momentum kick

Momentum kick from jet, C.-Y. Wong , Phys.Rev.C76:054908,2007

— Fits data well, including

ST T T 7T 7T 7T T T 6
d d 0-5 @® STAR AuAu 200 GeV data (Nattrass et al) 1
energy ep en enc e F O STAR CuCu 200 GeV data (Nattrass et al) ]
B STAR AuAu 62 GeV data (Nattrass et al) 5
0.4 - O STAR CuCu 62 GeV data (Nattrass et al) E
] —_—
L E B
S gfy.a\:\eloc?ogmm nicatio 145
.g:.g 0_3 L 1\ uni | ] }E
° ° = ] [
e R binat S "
ecombination S, "8
‘a i [ B —~
Medium heating + recombination, Chiu & Hwa, PRC72, 034903 ~ | 12 5‘%

° . . 0'1_ :
— No quantitative comparisons BT — el
%" "100 Nzloo T —

Christine Nattrass (Yale), LLNL, April 14, 2009 54



Conclusions

* Considerable evidence that Jet 1s dominantly
produced by fragmentation

— Can we use this information to learn more about the
Ridge?

e Several models for the Ridge, few quantitative
comparisons

— Several depend on hydrodynamics

— Need better calculations — more quantitative, more than
central Aut+Au

e Future:

— More energy dependence (RHIC beam energy scan, LHC)

— Jet reconstruction — more detailed studies of Ridge?

Christine Nattrass (Yale), LLNL, April 14, 2009
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{2 triggered correlations
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Di-hadron triggered correlations
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T1: p>5GeVic
T2: p,>4GeVic
A 1 p>1.5GeVic

4 -1
Ad

Di-jet measurements suggest that neither
the widths in An and A¢ (ridge/mach cone)
are modified nor the yields are suppressed
and comparable to d+Au

Caveat: Non-trivial bkg. subtraction

Surviving (di-jet) pairs at high p, seem to
favor conditions with small energy loss
= ridge correlated with energy loss {(?)

i ] i _1 I | 1 1 i

ﬂ i i |

1

An

J_ Au+Au

STAR Prelimina

Christine Nattrass (Yale), LLNL, April 14, 2009
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