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Motivation for Relativistic Heavy
lon Collisions

«3Quark Gluon Plasma (QGP) T
c3Expected to be created with RHIC _ssvm 11 (] Ll
31t existed in the early universe ¢ sl
@3QGP is a phase where bare g | Vg
strong interaction plays i i &Y
significant role oy T
»sQuarks and gluons are deconfined
and free from QCD binding ©F L RHC e
e3Study dynamical behavior of e o
strongly interacting system ol T

LHC |

o3 Transition Point (Lattice QCD) ¢ Ko tz—

3T ~ 170 MeV ol i
3E ~ 1.0 GeV/fm3 ' | ﬁ TMeV) ]
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Outline

osMeasurement of high-pT hadrons

osHard scattering as probe of heavy ion
collision

@3Nuclear modification factor. (R,,)

oz Systematic study of Jet-quenching
3System size dependence
3Dependence on particle species

3 Jet correlation In dense matter.
osEvolution of jet shape.

caSummary
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Hard probe in heavy ion
collisions A+A

o3 Unique Signature at high energy:
Hard scattering cross-section is
large

o3 Initial yield and pT distributions in
HIC can be predicted by p+p
measurement + pQCD + collision
geometry + cold nuclear effect.

o3 But it’s impossible to reconstruct jets due
to the large BG (dN.,/dy = 700).

5 Measure high-pT particles as leading
particle of the jets

3 Observed deviations are attributed

to the medium.

compare
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High-pT measurement
at RHIC-PHENIX

PHENIX Detector
PC3

310 > 2y
o3Photon measurement using
EMCal

3 Distance from vertex point: 5m
©3|n|<0.35 ¢ = 2*90°
32 arm x 4 sectors

3 Lead Scintillator Type (PbSc)
o3 Lead Glass Type (PbGl)

I3 Central

Acroge /
3 Fine granularity o o
3 Possible to measure 7 up to bl Beam View st
30GeVi/c tu,
«3Charged hadron _
—>tracking and matching ‘ | B -d ‘
3Momentum measurement @ 7N g

5 Measurement up to 10 GeV/c
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Participant model

ogParticipant and spectator

osNpart: number of participant
nucleons in collision

@sNcoll: number of binary N-N

participant

' a.‘}«ﬁ

spectator

collision

osCentrality

ogDetermined with BBC and
ZDC correlation

osNpart, Ncoll is obtained from
MC with Galuber model.

©30%: central, 100%: peripheral
collision
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Hard scattering in p+p collisions

«3Hard scattering Phys. Rev. Lett. 91, 241803 (2003)
process well described ¥ Dm0ty ©
by NLO pQCD N\
= K E >HENIX Data
calculation at high Q2 ) o
O-f+2 —_ ZIdXIdXJka X flk (Xk’ll'l). fzj (leﬂ) c‘g 16 — Kretzer NLO
i,k .
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p1 P, 3 o
flk(Xk“u) 9 :z c)
- o (p. Py ) L ic—
fzj(xjuu) 8. 4;' =

0 5 10 15
‘Morig..., «—— Py (GeVic)



pT spectra in ysw =200GeV Au+Au

Neutral Pion Charged Hadron
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N..,; Scaling and R, ,

«3Yleld from hard processes

- 8 10§’ :
can_b_e scaled with N, (# of N
CO I I I S I O n) = 10_1% :‘i\ : 23;2:02(22\??\:;02":(?—?0%) scaled
c3Suppression of i0 at high ~ S[§°F <3 paenxprotminan
pT in central Au+Au R AN e
collisions 107 i ><
. 10°E oo %
C%Jet-quenchlr)g_ _ 10.7§E !9999;;“;;“”“
«3Nuclear modification factor — w} T
csdivided by expected (binary " F

scaled) yield from p+p data 077 4 6 8 10 12 14 16 18 2
2] AA R ™ no effect
RAA (pT) = d N2 NN/dedn :f, _____ R=1
TAA d o3 / de d n 2’25 ﬁ "hard"
"soft”

e3absence of nuclear eftects: o4l
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RaaiNL/s =200GeV Au+Au

nr:& 1-5—| IBﬂl-ﬂi%l Clenltrslll o Il S In' o
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o3Strong suppression is seen even at high pT. (~ 0.2)
osConstancy for pT>4GeV/c for all centralities
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Jet-guenching Is final state effect

3 Suppression of ©® at high-pT in central
Au+Au collisions

osInterpreted as energy loss of hard
scattered partons in hot and dense matter

@3 Non-suppression in d+Au

o3 Non-suppression of direct photons in PRL91(2003)072303
Au+Au d+Au, Au+Au at Vs, = 200 GeV
g 2 I— ® 200 GeV Au+Au Direct Photon = “f -
] O 200 GeV Au+Au =° Tt [ ®neutral pions
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Systematic study of
Jet-qguenching effect

System size dependence
Particle mass dependence
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System size dependence

3 Cu+Cu measurement enable
to measure the number of
participant(Npart) precisely

370 R, at Cu+Cu 200GeV

3R, ~ 0.4 In most central
collisions

ogStrong jet-quenching effects
even in lighter colliding system

gSimilar behavior between
Au+Au and Cu+Cu for same
Npart

oz Consistent with pure density
and path-length dependence
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Dependence on particle species

PHENIX Au+Au (central collisions):

:tt i Direct y
(14 10 A n° Preliminary
® ® n

GLV parton energy loss (dN*dy = 1100)
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v'11 suppression is similar to =¥ (indicates partonic level)
v'support the model where dN9/dy=1100 (15GeV/fm3)







Suppression of away side jet

©30nly one “jJet” Is seen at a time in Au+Au central
collisions.

osDisappearance of away side jet.

. : - 4 < pT(trig) < 6 GeV/c
«3Signal of jet-quenching 0T(assoc) > 2 GeVle

e d+Au FTPC-Au 0-20%

7 STAR -

0.2
- k- — p+p min. bias

* Au+Au Central

1/Npyigger AN/A(AG)

A ¢ (radians)
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Emergence of away side Jet

— PHENIX preliminary

g‘ 2_f
< :
S ql.T 10 - h+/- correlation @3 C(A9) strength ~
I centrality 0-20% S/B of jets
159 ©py 7-10GeVie | s Red and blue lines
B h+/- p; 2-4.5 GeV/c

are the uncertainty
In v,.

2.5 3
A¢ (rad)
ogJets emerge for trigger >5 GeV and associated >2 GeV

o3Hint of narrow back-to-back peak for higher p(trig)?
«sHigher p(trig) reflects higher-Q2 hard scattering
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Jet modification

o3 Two-particle
correlation iIn the
Intermediate pT range

«3Flow effect Is subtracted.

o3 The shape of associated
jet is cone like.
oglarge angle gluon
radiation from LPM
Interference:
31, Vitev

o3conical flow:

«gH. Stoecker, E. Shuryak, B.
Muller

3 Cherenkov like radiation:

| 2.5-4 GeVic x 2 -3 GeVlc, All Charge |

1/Ny, AN/d(AD)
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#  Centrality: 0-10%

0.05F

0.02F

B Centrality: 30 - 40% = 0.33

#  Centrality: 60 - 92% = 0.048

PHENIX Preliminary

Near-side
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3-particle correlation

PHENIX Preliminary

osMethod to distinguish

AUAuU 10-20%

a ““cone” type jet from
a bent type jet
3 Conical flow Is seen.

“Normal” Jet | \

Signal of
Mach cone




Summary

ogsHigh-pT hadron suppression in central heavy
lon collisions

©3dNg/dy ~ 1100 in 200GeV Au+Au (15GeV/fm3)

ogSystematic study of jet-quenching

3System size dependence (Au+Au, Cu+Cu)
osSimilar behavior between Au+Au and Cu+Cu for same Npart

«3n has a similar suppression pattern as

osEvolution of jet shape

o3 Tomography of dense matter
«3Cone like shape is observed

3 A qualitative picture to explain jet-modification is
required
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Backup slides
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R H IC at B N L *First Heavy lon cc;llider

«3.83 km circumference
106 ns bunch crossing
*Top Energy:

Long Island, New York, USA *500 GeV for p+p

*Y— «200 GeV for Au+Au
=S< Luminosity
PH n ENIX *Au+Au: 2 X 10%6 cm-2 s-1
o S oAy D : * p+p :2x10%2 cm-2s-1
(polarized)
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PHENIX Run-1 to Run-5 History

Run| Year Species s¥2[GeV] [Ldt N.,, p-p Equivalent Data Size
01 | 2000 Au+Au 130 1 ubt 10M 0.04 pb-t 3TB
02 | 2001/2002 Au+Au 200 24 ub* 170M 1.0 pb 10 TB
p+p 200 0.15pb*? 3.7G 0.15 pb 20TB
03 | 2002/2003 d+Au 200 2.74nb? 5.5G 1.1 pbt 46 TB
p+p 200 0.35pbt 6.6G 0.35 pb-t 35TB
04 | 2003/2004 Au+Au 200 241 ub't 1.5G 10.0 pb!t 270TB
Au+Au 62 9 ub 58M 0.36 pb? 10 TB
05 | 2004/2005 Cu+Cu 200 3 nb? 8.6G 11.9 pb! 173TB
Cu+Cu 62 0.19nbt 0.4G 0.8 pbt 48 TB
Cu+Cu 225 2.7 ub? oM 0.01 pbt 1TB
p+p 200 3.8pbt 85B 3.8 pb! 2627TB
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Consistent with heavy flavor
guenching?

nucl-th/0512076

@3SIngle electron R, A -
dose not support AR s dNJdy=1000 |

dNg/dy=1000
©3S. Wicks et. al explain
the deviation with new
calculation.
«sRadiative energy loss
osElastic energy loss

©3Jet pass length I R
fluctuation

o
e

Electron R, ,(p;)

k

Single electron R,, in vSw=200GeV
Au+Au top 10% collision.
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Out-of-plane (large energy loss)
n’/charged
In-plane
hadron v2 (small energy
loss)
: V2
gVv2 at high pT 0.3 o
; ) :PHEN'X Preliminary —— Charged Hadron
wazmu_thal_ - Min. bias Au+Au —S— ntf
variation in 0.2 = 200GeV
energy loss L M{fﬁ Sy :

«30bservation of i Ty b ; + +
0.1 ? 4
v2 peak at pT = f t
2-3GeV/c and e ___+
decreasing v, at i
hl h B I T T R ST ST S N
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