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phase diagram of nuclear matter
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phase diagram of nuclear matter
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global observables
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* For RHIC energies the multiplicity per participant increases linearly with log(Vsnn)

e deviates for LHC energies
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There is no significant change in the centrality-dependence of charged particle
production between 7.7 GeV/c Au+Au and 2.76 TeV/c Pb+Pb collisions.
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* There is no significant change in the centrality-dependence of the transverse energy
production between 7.7 GeV/c Au+Au and 2.76 TeV/c Pb+Pb collisions.
e dEt/dn per participants shows strong increase towards LHC energies.
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energy density
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A .= transverse overlap

area of the nuclei,
determined from the
Glauber model.

T = formation time

dE;/dn is multiplied by 1.25
to obtain dE;/dy at SPS
energies.

the Bjorken energy density in central collisions increases by a
factor of 3.8 from 7.7 to 200 GeV/c.

It increases by a factor of 11.1 when going from 7.7 GeV/c to 2.76 TeVI/c.
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nuclear modification factor



nuclear modification factor - Raa
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nuclear modification factor - Raa
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pT averaged Raa - AUAu @ Vsnn =39, 62.4, 200 GeV/c
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* 62.4-200 GeV are
strongly suppressed

* 39.0 GeV data shows
suppression for

higher centrality only
(Npar>100), soft

processes still
dominant

 For pr>6 GeVic the

62.4 and 200 GeV
data points are
comparable
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fractional energy loss - AUAu @ Vsnn = 39, 62.4, 200 GeV/c
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n° Raa-Cu Cu @ Vsnw=22.4,62.4, 200 GeV/c
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e no suppression, rather Cronin enhanced @ Vsyy = 22.4 GeV
e centrality dependence of <R,,> @ Vsyy = 200 and 62.4 GeV
 no centrality dependence of <R > @ Vsyy = 22.4 GeV

for low prt range
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A. Franz, BNL, for the PHENIX Collaboration
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JIV Rep (central / peripheral) @ Vsan = 39, 62.4, 200 GeVic
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* PHENIX does not yet have a p+p reference at 39 and 62.4 GeV/c (working on it).
= lacking a reference, Rp can still give us insight about the suppression level.

* the suppression is at a similar level at all energies.
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® - Raa - Au Au and Cu Cu @ Vsw=62.4 GeV
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® is not suppressed at
Vsnn = 62.4 GeVic
Au Au or Cu Cu

protons show a large

Cronin enhancement in
Cu Cu

overall level of suppression
is reduced even for r*

~0.2 for central 200GeV/c Au Au

16



QNP2012, Palaiseau, 19.04.2012

flow

A. Franz, BNL, for the PHENIX Collaboration

17



Reaction Plane
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flow - from AuAu @ Vsnn = 39, 62.4 and 200 GeV/c
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RHIC (0.039 TeV/c) to LHC (2.76 TeV/c) show only a moderate increase in v2



flow - @ lower Vsnn

Preliminary, STAR, PHENIX and E895 data
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v, at 7.7 GeV is lower than 39, 62 and 200 GeV collisions.

e V, flattens at 39 GeV/c and above, but starts decreasing somewhere below 39 GeV/c

 Change from partonic to hadronic flow between 39 GeV/c — 7.7 GeVic ?
e data taken at 19.6 and 27 GeV/c last year to fill the gap
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Summary

e RHIC energy scan should close the gap between SPS and higher RHIC
energies to search for a possible critical point in matter phase diagram

e collider experiments are preferred as acceptance doesn’t change, but low rate
challenges detailed measurements

e collisions are geometry dominated, very similar centrality dependence in
global observables like multiplicity, energy density and flow above 7.7 GeV/c
all the way out to LHC

* Raa shows supression from 39 - 200 GeV/c, but indications of a change for light
ions at 22 GeV/c and heavy quarks already at 62 GeV/c

* v2,v3,v4 Very similar from 39 - 200 GeV/c, nq scaling holds down to 39 GeVi/c

e v2 flat above 39 GeV/c all the way to LHC, with a moderate increase, but drops
below 39 GeV/c, new data will fill that gap

e much more data on e.g. fluctuations, which would be a separate talk

e no smoking gun on critical point yet

QNP2012, Palaiseau, 19.04.2012 A. Franz, BNL, for the PHENIX Collaboration
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Use thermal model
to describe ratios of
particles vs anti-part.

Agrees withT,

Fl‘l'i ;nm theory
T =174 MeV
HB = 46 MeV
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RHIC @ BNL
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PHENIX Detector at RHIC
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PHENIX Detector at RHIC
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PHENIX Detector at RHIC
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PHENIX Detector at RHIC
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STAR experiment
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STAR Hiroshi Masui QM2011, Annecy, France, May 22-28, 2011



characterizing HI collisions



Heavy lon collisions, impact parameter, centrality

Participants

before collision after collision
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Heavy lon collisions, impact parameter, centrality
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beam energy scan @ RHIC
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datasets

species VsNN (GeV/c) recent years
200 2010, 2011 (most recent)
130 2001
62.4 2010
39 2010
Au Au 27 2011
19.6 2002 (1 day), 2011
11 2010 (STAR only)
9.2 2009 (short test)
7.7 2010
200 2005
Cu Cu 62.4 2005
22 2005
Cu Au 200 2012
d Au 200 2008
Uu 193 2012
500 2009, 2011, 2012
pPp 200 2009, 2012 (most recent)
QNP2012, P4 62.4 2006
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Volume and lifetime - HBT
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Volume and lifetime - HBT
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energy density (2)
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PHENIX reaction plane determination
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PHENIX Detectors for Event Plane
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The event plane Resolution

Opp VS centrality for vV, Au+Au at 62.4 GeV
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ogp for v,, Au+Au at 7.7 GeV

g s 0.8 "
© F —8— RXN © L —%— RXN .
0.9; o RXN,, = o RXN,, C 7.7 GeV
- —&— RXN,, 0.7 —&— RXN, r
0.8 A MpC . MPC 025! ¥ RXNout
E = BBC - —t— BBC [
- 0.6 C .  RXN
0.7 Z E - . 0! o
0.6 o . = 05— = a S !
= ® v r " T - S t 3 1
0.5 o o ®* o - 04— B3 : 8 » o %0.15:' ’ I
E: o S 2 - . T
04 o o oaEF ¥ B ® = o
[} o - !
0.3 . . s 0.9 .
E e 0.2~ C
OZE’_ ‘ - 005—
0.1)- . 045 5 j
L Il L L I l l l Il 1 Il 1 ] 4 i 4 l | I 4 - 4 I o‘
% 10 20 30 40 50 60 % 10 20 30 40 50 60 0 10 20 30 40 50 &0 0
Centrality % Centrality % Centrality(%)
Opp VS centrality for vV, Au+Au at 62.4 GeV Ogp VS centrality for vV, Au+Au at 39 GeV
D.451 s 0.4r
Y odf R ° | = RXN
0.4 o RXN,,, 035 _eo_ RX
E ‘e RXN‘ Nout
0.35(- —+— MPC - —<=—RXN,,
- 0.3
0.3 o :
- - " 0.25
0.25) . C .,
- -3 b- 4]
- 0.2[ - B
0.2} a - - o
: g T 0.15)
- a - o : 5 a
0.15] ° “ 6 . -
- . - s o e o ' Q ) -
0.1 > a SO gy T L =
— . -
GosE". .6 R o e 0.05-° »
%: L - l - l l : l B L - [ — - : L L L 1 l 1 1 L L l 1 L ' L | L L 1 L l L 1 L L l L L L 1L
10 20 30 40 50 60 % 10 20 30 40 50 60

QNP2012, Palaiseau, 19.04.2012

Centrality %

A. Franz, BNL, for the PHENIX Collaboration

Centrality %



QNP2012, Palaiseau, 19.04.2012

Xt scaling

log(
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Xt scaling
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Neyf(2TT) =

A. Franz, BNL, for the PHENIX Collaboration

* All p+p data shows similar scaling
behavior and the n«(xy) are comparable

* The 62.4 and 200 GeV Au+Au data agrees
with the p+p data
* The n(Xx7) of the 39 and 200 GeV Au+Au

show the x; scaling is not working below
X7 < 0.2 (the end of overlapping region)

Yield(xp,./571)
ZOQ( Y’ield(a:;,\/%) )
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