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Heavy lon Collisions in 1989

NA35 Streamer chamber picture of S+Ag collision
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The Present

« What we know

Dense, ‘coherent’ initial state
Early thermalization

Highly interactive ‘liquid’
medium

Opaque to fast partons
Simple, but subtle ‘scaling
rules’:

* Quark number scaling of v,
+spectra

- Statistical particle ratios

* Energy independence of v,(py)
* <N, scaling of multiplicity

« Limiting fragmentation
Universality of <N, >

What we want to learn
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How is thermalization
achieved?

What is the initial
temperature?

What is the nature of the
medium?

What is the location and
nature of the phase
transition?

Origin of scaling rules?
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Where we’ve been
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Where we’re going
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Where we’re going
Luminositx FAIR@GSI RHIC I

LHC
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Low Energy Frontier: 2006 - ?

Beam

NA 49, Targf:t /

Vertex TPCs

NAG60

Main TPCs

Vertex
Magnets

//‘
Forward *
Calorimeter

Possible SPS running 20067
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FAIR@GSI: 2012-beyond
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Compressed Baryonic Matter

At 107 interactions per second!!

CBM
Streched HADES

A+A at 2-8 AGeV A+A at 8-40 AGeV
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Critical Fluctuations

Stephanov hep-ph/0402115
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Location of Phase Transition?

/\ -
< 0.06f
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2 0.04"
NA49 Voo . « Is this the phase transition?
Agnes Richard 0.02r — maybe, maybe not...
A ok — But: No other candidate
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+§ 0.2:— % f_\} — No model even close to data
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RHIC Status and Future

Phenix 1370 nb’!
Star 1270 nb!
Phobos 560 nb!
Brahms 540 nb!
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From RHIC towards RHIC II

' B
‘04  vs Energy
. Y
« 6-D jet tomography ) Need:
* Heavy Quark suppression | | Higher Luminosity
 Charm elliptic flow Faster DAQ
v « Thermal QGP photons > Larger Acceptance
4 )+ Jlpsi, upsilon Extended PID
‘14 RHIC Il |° Low mass di-leptons Micro-vertexing
* g-Jet correlations J
\ . s
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From RHIC towards RHIC II

2004 2005 2006 2007 2008 12009 2010 2011 2012 2013 2014 2015 2016 2017 2018

RHIC operation at and eRHIC >
beyond design luminosity e-ion
RHIC Il 40x design luminosity for Au-Au
RHIC baseline program via electron cooling
Au-Au ~ 1 nb-'at 200 GeV
Species scan at 200 GeV Studies of dense nuclear matter
Au-Au energy scan with rare probes: jet tomography, open flavor,
Polarized protons = 150 nb"" Jhp, ¢’, xc, Y(1s), Y(2s), Y(3s)
Completion of Polarized protons at 500 GeV
BRAHMS & PHOBOS p-A physics
detector upgrades
New eRHIC experiment
or in preparation
Long term upgrades >
of PHENIX and STAR
from Axel Drees related to RHIC I

J
—
m new RHIC experiments ?
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Medium term: 2008 and beyond

RHIC II Detector Upgrades

v@ PHENIX v Cherenkov
= Compact TPC (GEM readout) jicon /
» Forward Upgrade (Si-W cal.) cndeap

S —

ny

- DAQ EJ;lsocrﬁ?cttcr WU -'Iir:g:ll(e\:

4 STAR Cai
= TPC replacement (GEM readout) D-Tracker
= Forward Trackmg Upgrade

= DAQ

| 7 Office of
~d Science NSAC H.I. Review S. Aronson Nel,f,?mxﬁ,"

US. DEFPARTMENT OF ENERCY
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New Comprehensive Detector for RHIC Il ?

] Specs:
| : «  High field
. Fast DAQ
. Fast Detectors
. Triggers

g P~ . Si-vertexing
F Al + High p;PID
. Calorimetry

c.f. R.Bellwied, J.Harris, P.Steinberg, N. Smirnov,
B.Surrow, T.Ullrich, J.Vavra, H.Wieman, C.Woody @

I, Taos



From Direct to Thermal Photons

(Y/ Tco)measured / (Y/ no)sim

Saskia Mioduszewski

T

45 PHENIX Preliminary PbGl/ PbSc Combined

= 1+ (g pQCD direct X Ncoll) / g phenix backgrd Vogelsang

— N
— = +9(9 pacD direct X Neon) / 9

|

phenix backgrd

0,5, 2.0
1+ %g pQCD direct X Ncoll) / (g phenix pp backgrd X
Ncoll)

|IIII|IIII|IIII|IIIIiII

AuAu 200 GeV Central 0-10%
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Can we see beyond the hadron
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High Energy Frontier: LHC

Particle High-Momentum
Time Identification Ki‘egl‘llt‘llffcnllon
Projection Detector ~ Detector

Muon Detectors Electromagnetic Calorimeters

Absorber
Dipole Magnet

Forware i
Solenoid orward Calorimeters

L3
Magnet

e | ALICE

Photon
Inner Spectrometer
Tracking
Systemn
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LHC Detector Capabilities

Muon Spectrometer

Different B field: 0.5T, 2T, 4T
Different emphasis on hermeticity

I
N LAr Hadronic Tile i Forward
Calorimeter | Hadronic 0.2x0.1 " Hadronic . Calorimeter
_Hadronic = 92X01 Hadronic

Different emphasis on particle ID p— | | ro—
Different DAQ capabilities
Different detector technologies

Calorimeter Calorimeter

4
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Kinematics at the LHC

Access to widest range of Q2 and x

10 S ——
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) 3 —== p’, 8" = 5500 G¥ !
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dsldycf o, [mb GeV ]

Heavy lon Physics at the LHC

0.8

0.7

n®/0.5(h+h)

150 ) 50 100 150
p; [GeV]

0{xy>0) (nb}
i ¢ 0§ & & 3

Ddc,/dy1'_° (pb]

LYAB) do/ dE @ahGeV), [ < 2.5

Medium modification at high p;

Copious production of high p-
particles

Different “melting” for members of

family

Large cross section for J/psi and Y
family production

Detailed studies of medium effects
on jets

from Bolek Wyslouch N
- Hot Quarks ‘04, Taos 2

Jets shape and fragmentation
modified by the medium

Jet tomography
Dijet/monojet ratio
Jet-g

Jet-Z0

Multi jets

’



Bulk Matter at LHC?

Sharon Millstein, Numerologist and Psychic Counselor:

“Friends Can Advise You,

Numerology Directs You!”
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l. Spectrum of Produced Hadrons at LHC

Tempere\tureyical Potential

- [\

Mass Quantum Numbers

Yield

1OIFSxampIe: Becattini et al; hep-ph/0310049
E) . PY
3 SpS Pb+Pb collisions 158A GeV e NA49 data,
5 2 i -
?: 10 ‘..U 4'p ylelds,
2 A_J. K
2 T K gs ~ 0.85
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c.f. Hagedorn, Becattini, Braun-Munzinger, Cleymans, Heinz, Letessier,
Mekijan, Rafelski, Redlich, Sollfrank,Stachel, Tounsi + many others
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l. Spectrum of Produced Hadrons at LHC

Calculations: Redlich et al, Becattini et al, Braun-Munzinger et al, Rafelski et al
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Il. Particle Density at LHC
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Il. Particle Density at LHC

Detectors
1 0 i Armesto, Salgado, Wiedemann hep-ph/0407018 planned for
— AA 1—5
] 1 dN — NoV/3'N. %, dN/dy > 5000!
Npart d77 0 ?
T~

5 Models prior to RHIC

1
d Nch/dn/<§ Npart>

0 Lol L Lol ! Lol ) L1
10 10° 10°
\|Syn (GeV)
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dN_,/d

dN_/dn

- e 0-8%
o 6-15%
- = 15-25%

T

200 GeV

Dbl MLITURTTLLL B
o .

o 25-35% -

Limiting Fragmentation

» 35-45%
¢ 45-55%

view in restframe
of nucleus

130 GeV

.......“...'.......
.

v dIN/dnAN_ /2)

pPa

dN_,/dn’AN__ /2)

; 7T 7 'PHOBOS'PRL 91, 052303 (ZO(E :
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Limiting Fragmentation and LHC

10— —

[ central Au+Au

200 GeV
130 GeV

19.6 GeV
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Limiting Fragmentation and LHC

10

[ central Au+Au

I ' I
Saturation model

200 GeV
130 GeV

19.6 GeV
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Limiting Fragmentation in p+p

5 I I [ I I I I I I I [ I [ I I
Thome et al, NPB129, 365 (1977) pp inel
B Alner et al. Z. Phys C33, 1 (1986) ppNSD
4:++ ; s 236GeV
R e 308 " |
EEEE A 53
n « 200
3 = 546 "
: + + + + * 900 "
Q et r !
S
2+ 51
1 -
O l | | | | | |

6 <5 =4 48 B 1 P 1 2
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Landau Hydrodynamics

. . : surprisingly well described by Landau’s energy-
">: - Pion rapldlty width dependent Gaussian rapidity distribution [see Eq.
o) 2 B (2.1) for the definition of y]
S— -
> — Central Au+Au/Pb+PB RHIC 1do an
E § Tin dy - d_\'
(é) 1~ SPS BRAHMS =N exp(-y*/2L)/(27L)"?, (1.5)
(n'ed i where the parameter L is
- AGS il Ll > L=3%1n(s/4m,?), (1.6)
1 1 o\ls_ (GeV)1 0 where s is the squared total c.m. energy.
NN
~ <N.,>/<0.5 N> Au+Au
g 30 <N_, > e*e
< EPHOBOS QM’02, nucl-ex/0301017 Secondly, we wish to stress that as a function of avail-
|\ 20 - able energy W,., the hadronic multiplicity varies as
- " N=~2.2 Wy4'? over a vast range of initial energies.?’
~ _ b
: -
c 101
pd N Carruthers, Duong-Van
YN L  EE— on pp and e*e" data in 1983
1 10 10
NSy (GeV) Y,
m Much faster rise of mid-y multiplicity density
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lll. Elliptic Flow at LHC

PHOBOS nucl-ex/0406021 Au+Au 0-40%

% 0.06E\Fn = 19.6 GeV Npo>=201f oy =624GeV <N, >=201f 5, =130GeV <N, >=209}\5,,=200Gev _ <N_,>=211
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O 0.03| | Tié :
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lll. Elliptic Flow at LHC

0.1

20%< Centrality < 40%

0.08

A 0.06
N

vV 0.04

0.02

\'"/
III|III|III|III|III

K 0.4 T T T

035 L —— Au+AufsTN'=62.4 GeV (Correlations) |
3L Authu 5y, = 624 GeV (Cumulants)
“ —— Authu, =200 GeV |
0.25 - -
T

02 - - L

I I
2 3 4
p; (GeVic)

| | | | | | | | | I | | | | I | | | | I |
-20 -15 -10 -5 0
L}
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n=n-y
beam ’
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IV. Factorization of Energy/Centrality Dependence

PHOBOS nucl-ex/0405027 PHOBOS nucl-ex/0405027
I T I T l L] I T T T L] 'oY
2 W Ry (AutAul) ' |
o | O Ry, (Au+Au2) '

a- N i
----- . 2.4 ® Ry (P+P) —

200Ge¥ A f\ Ll . igt | — Saturation Model i

| %% g = - | -~ Hijing (1.35) S 1-serrors -
3 A = 2.2 .

| it

=

dN y/dn /(N /2

J
.
y
/
‘
J
l‘ -

o
.

b 1.8
L l . L | | | ] |

0 100 200 300 400 0 100 200 300 400
(N gare (N o

» dN/dh/<N_,./2> changes with sqrt(s), <N, >
 Energy and Centrality Dependence Factorize

4
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IV. Factorization of Energy/Centrality Dependence

PHOBOS nucl-ex/0405027

o T ' T ; T r —
- - M Rygq05 (Au+Au 1) i
g - O Rygags (Au+Au2) . d .
2.4 ® Rygie; (P+P) —
| — Saturation Model i
Armesto, Salgado, Wiedemann hep-ph/0407018 | -- Hijing (1.35) 4o errors
1 dNA4 PO . 2.2 |
— 35 F
N d — NOJE Npal‘t - ""4 |
part n i y |
ST N b |
I?H%##% “
1 " | l‘ | —
1.8-0 |
i Ll 1 s | : | :
0 100 200 300 400

(N

» dN/dh/<N_,./2> changes with sqrt(s), <N, >

 Energy and Centrality Dependence Factorize
4
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IV. Factorization of Energy/Centrality Dependence

45 50% 35-45% 25 35% 15-25% 6 15%

62 4 GeV
200 GeV

15 (Noorp)=61 [ (ND-)=86 T (N2h=130 T (NE=189 1 (=266
T NI UL SRRl R L "
o ~~i!3¢3$$+ e e LA et

osf 1 1 i 1

1N

62.4
part

=335

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




IV. Factorization of Energy/Centrality Dependence

,,,,,,,,,,,,,,,,,,,, NE——————
151 (N)=61 1 (NZ4=86 1 (N4=130 1 (N4=189 1 (N4=266 } (N24)=335 ]
sad, §] 1

1 62.4 GeV ¢ 1

1 1 1 200Gev ]

25-35% | 15-25% | 6-15% | 0-6%

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

pr (GeVlc)

* Yield/participant changes by less than 25% for all p;
« Factorization of energy and centrality dependence
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o~

0.20

015

0.10 |

0.05 |

0.00

Other examples of factorization

PHENIX Au+Au
B pT~0.5 (200 GeV) -
® pT~1.35(200 GeV) ]
® pT ~1.35(130 GeV) _
m pT ~0.50(130 GeV) ; & § i }. ]
¢ ¢ |
(]
: }
il B L,
$ g
o ; ; !
. %
0 10 20 30 40 50 60

Centrality (%)

dN,,/dn’AN__ /2)

pPa

dN_,/dn’/N__ /2)

=

T T T T T

4?'..0000£ 0-6% central
[~ L)

0p000 O%O . 200 Gev
A 0130 GeV
i m 19.6 GeV
2— +.ll..

1 PHOBOS

0 Y } ;

T Q 35-40% central
_T0'00000£.

3 {)ooooo o%;
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T D Lee, May ‘04

e K GP  ld be predaced o (HC

—
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... and it’s up to you guys to make it happen

J
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