I(F'(I-nényi Winter School
Budapest, Hungary
RMi

In-medium reduction of the n’ mass
in Vsy\= 200 GeV Au+Au collisions

S 9

Tamas Csorgo, Robert Vertesi, Janos Sziklai

MTA KFKI RMKI, Budapest Hungary
Ex Department of Physics, Harvard University, Cambridge USA

Nucl. Phys. A830, 631c (2009)
Phys. Rev. Lett. 105, 182301 (2010)
Phys. Rev. C83, 054903 (2011)
InsideRHIC Magazin 01112011, http://www.bnl.gov/RHIC/

11/29/2011 1 T. Cso6rab



Outline

» Three-quark model, Chiral symmetry breaking
» Restoration of symmetry in a hot, dense medium

* Role of the n' mass
= Dilepton spectra in Heavy lon Collisions

= ' mass through n* Bose-Einstein correlations

= Possible experimental signatures
» BEC measurements at RHIC
» Dilepton excess found by PHENIX

= BEC-calculations for different models
= Spectra, A*(m;), systematics...
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elerator complex

Two collider rings, 3,9 km

Heavy ions:

= Au+Au, Cu+Cu, ...

= sy = 7,7 — 200 GeV

= Protons

= p+p up to Vs = 500 GeV
» Polarized p+polarized p collisions

= Asymmetric collisions
= d+Au [T
] Alter'_naléing
= 4 experiments U . SSES:?SMH
= ,Facilities” PHENIX, STAR AR A e
= ,Pilots” : PHOBOS, BRAHMS mese 2 Vande Grest
completed data taking in 2005 s/

= Complement and cross-check
11/05/04
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Booster line



Experiment

* Tracking detectors
= Mid-rapidity
= Dipol magnets
= (as detektors

= Spectra, correlations of
(r*, K% p, ) p
= Calorimetry
= 79, 7, direct fotons
= [epton identification
= ¢*e” pairs, u* (forward region)
» Heavy quarkonia (J/y)

International collaboration
= PHENIX Hungary: hiip://phenix.elte.hu/

» DE, ELTE, KFKI: 3 Hungarian institutions
11/05/04 4




Milestones

= New phenomena, new form of matter F,

= Au+Au: suppression of high pt production _ 14
Phys.Rev.Lett. 88, 022301 (2002) o %, _

= d+Au: abscence of suppression

- New form of opaque matter
Phys. Rev. Lett. 91, 072303 (2003)
Optical opacity: A ~ 3 fm (5 GeV jet)

» Perfect fluid of quarks
Nucl Phys. A757, 184757, 184 (2005)

= Not a gas but a fluid
= Degrees of freedom: quarks

= Viscosity at conjectured theoretical limit
n/s ~h/4n, speed of sound ¢, = 0.35¢

= Quark Gluon Plasma (sQGP)
Phys.Rev.Lett. 104, 132301 (2010)
= Thermal radiation: T, ;~4 x 102K
= Above the limit temperature of hadrons — new phase of matter
T,..>300 MeV>>T &..~15 GeV/fm3 ,~ 2x1033 J/m3

init Hagedorn?

Pinit = 1.5 GeV/fm3 ,~ 1.5x10%7 atm
11/05/04 S Vértesi R.




-mmetry Breaking

\

* The three-quark model -
= SU(3)xU(1) flavour-symmetry
= Spontaneously broken

=> 9 Goldstone bosons
= Corresponding to light mesons

* There are only 8! (Meson-octet) —Q—

= U,(1) chiral symmetry explicitly broken
» Distinct topological vacuum-states
* Tunneling b/w them — quasiparticles (instantons)
= 9th boson gains mass — n' (958 MeV)

\
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on of the Symmetry
t, Dense Medi\um

= High energy densities -
= Asymptotic freedom o, — O
= Nontrivial topology vanishes
= U,(1) no more broken
= SU(3) restored

Remark: Q—

From SSB, One expects massless mesons.
However, the flavour symmetry is inexact.

= Mass reduction =y - Am

Lower bound (Gell-Mann - Okubo): m, = %(Zmi +mj);mo ~ 400Mel

\

Upper bound (S,NS isosinglet eigenstates): ;2 =2m? +m?;  mg ~ 700Mel”

Am : extra mass from instantons in a not-so-dense medium
11/29/2011 7 T. Csorad



Particle Abundance

= Hagedorn-model
* Production of light mesons:

o, ~ (m/27[)3/23_WTH T,~170 MeV Hagedorn-temperature

* [n case of a possible mass drop:
» Number of n's would be small: N, /N_, ~2x10~

= With a strongly reduced n'mass: N,./N , ~1
= An enhancement of a factor of 50 at maximum
» Increased weight of strange states, rather 3 to 16

= Consequence of the reduced mass:
An increased abundancy of n' mesons

11/29/2011 8 T. Cso6rab



ugh Phase Transition

= Hadronization

= Reduced-mass n' mesons produced with a decreased mass
with an increased abundancy

* Decoupling from non-Goldstonic matter
» Mean free path for annihilation is large
= Long lived

= "Condensate” in the medium
= Low-p; N’ mesons are unable to get on-shell in the vacuum
= Medium acts as a trap for low- p; n's

* As medium dissolves, the n's regain their original mass

The Return of the prodigal Goldstone boson: hep-ph/9507343
J. |. Kapusta, D. Kharzeev, L. D. McLerran Phys.Rev.D53:5028-5033,1996.
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Is of Observation

= Leptonic decay nN'— 00y
» Increased n'/=n proportion in the low-p; range
= Excess in the £~ spectrum under the p mass

= N meson (BR=63%)
= Enhancement of n production
= BEC of charged pions n— 7[07[+n_

= Sensitive to the sources of the pions

N—Nnm

» Direct measurement? n'% YY
= Would be convincing, however, poor S/B ratio (n'—yy)

11/29/2011 10 T. Cso6rab



effect (BEC)

» Discovered in astronomy by H. Brown and Twiss

source

11,1 — e—iklxl

1112 — e—ikgxg

= Bosons: symmetrization needed

1 | | | |
\111’2 — (e—’tk‘lﬁcle—lkgwg + e—%klitge—?,kgl‘l)

V2
" SpeCtra i\*l(ltl): /S(:I?l_,kl)“ljl‘zdirl

= Consider two plain vawes:

Ng(kfhk‘g) :/S(:{:ljkl)S(xzsz)\ﬂﬁil,ngmldmg
= Correlation:
N, \k k AK =k, —k
C(k,AK)= 2( 1, 2) 1 2
N (k)N,(k,)  k=(k+k,)/2

Simplified picture: plain wave, no multiparticle-interactions, thermalization etc.
11/29/2011 11 T. Cs6rad




= Correlations
Core-Halo picture

= Pions from QM freezeout

= Primordial (from phase transition) Core

» Fast decaying resonances
* Long-life resonances (w,n,n',K;°)—> Halo

. Halo:
= Correlation M, 0, K }

&AL Y2
C(ARK) =14+ MNR.(AEK)  R.(ARK)=— |‘{"C(M‘ﬁr}|
S.(Ak=0.K =p)P?

= Intercept /. (m,)=| — Ni"‘e(mf{
NZem, )+ N7, (m,)

core halo

NT =N ,+N _+N +N

halo w—T n—r n Y

Kg —7Tt

N=Cm T Ly T,=T, +m<1/4!T>2

= Correlation measurent & A*(my) < core—halo ratio
11/29/2011 12 T. Csorad



ng the Condensate

= Resonance ratios from different models
ALCOR, FRITIOF, Kaneta et al., Letessier et. al., Stachel et al., UrQMD.

= ' excess: A T
r] | N n m n' e Tro
N m

n' n'

' 2 2 %7 #2
= Restored n'mass: py, tm,= p;, tm,

= |f P;:. < \/mi. —m:? , the n' can’t get onshell, trapped until fireball dissolution
= After trap decays. a Maxwell-Boltzmann distribution is assumed:

f(p p)—(—1 JeXp( pf+pf} . Pra=DitD]
x,Fy/l ™ -1 o —1 * T'm' — tx y
Zizmn.B 2m..B

= Parameters

* From measurements Teo =177 MeV, <u>=0.48

= Conservative assumption TN =T, T...=Tro

» Hydrodynamical models a (related to the dimension of expansion)

» Looked for: in-medium mass mn.* inverse slope B’

= Spectra from decays using JETSET
11/29/2011 13 T. Cs6ra6



simulation: No signal

m Data Effect of Partial U,(1) Restoration on A.

NA44 200 GeV S+Pb

= Resonances: o | Iy
FRITIOF N
S NA44
02 | S+Pb data

"l m, = 403 MeV

= Earlier, less refined
modelling of condensate

e my =176 MeV

= No sign of mass reduction

Signal of partial U(A)(1) symmetry restoration from two pion Bose-Einstein correlations
T. Csorgd, D. Kharzeev,, S.E. Vance. e-Print: hep-ph/9910436

11/29/2011 14 T. Cso6rab



HIC data

= Properties
= Central Au+Au s,,'’# = 200 GeV

o I\/Ild-rapldlty |T]|<Ol RHIC Datasets (Au+Au\(s,, =200 GeV)
= 7" correlation measurements 1% }
f AXmp)r,,, FT e
(different methods) % 0 M }
: : %u 5:— &'t « PHENIX Sinyukov
= Data used in the analysis g T ‘ _
) _ o £ ol PHENIX prelim
PHENIX Sinyukov 50% | A e I
= STAR Edgeworth expansion sga- .
(6t order, only even) : STAR Causs
[h 0.2 Tranus'v%rse n?a'gs npr'&e'v'] 1 1.2

= Shown for comparison purposes

= PHENIX preliminary
= STAR Gauss

11/29/2011 15 T. Cso6rab



e most likely mass

Calculations: m_*=340 MeV, B'=86 MeV |_Confidence level (%) |
T.2 L~ - i
- I l i 900 E_
S . rrdrrre e | % g0 6
- 3 . l E E
S FC 700 s
= 08— -
< ~ 600—
2 f - s
- _Letessier et al. =
8 U.E __ Resonanc Bs: nzcl?;:.fll}}rﬁm2a 500 =
E = present model 400— —13
e B =
= 04 __ === model, no mass drop 3005
o B = 2
2 [ & PHENIX (Au+Au 200GeV) 200E-
© 0.2 -
o B ®  STAR (Au+Au 200GeV) 100E- 1
o [ | | | | - | | | | | | |
u 1 0-2 1 1 1 0-4 1 1 1 u-ﬁ L 1 1 u-ﬂ 1 1 1 1 1 1 1 1-2 u L L Sa L L L I1 DuI L L I'1 50I 1 L .Iznul L 1 .IZEOI L 1 Ianul 1 1 I350
m, [GeV] B [MeV]

= Simulations all over the (B-/, m*) plain

= Multiplicities: J.Letessier J.Rafelski, arXiv:nucl-th/0504028
= Mapping the confidence level
" Best hx(mp)/a®,,, fit: m, "= 3405 7T £ 45 MeV

—60 —140
= From all the models.
11/29/2011 16 T. Csorad



ictions

= I T T 1 T T 1 T T T I T T 1 I RN R R | I [ I | I T I:
900 -
<800 =
g = 5
=700 — 3 =
“* F mi=2m. +m>; m;~T00Mel 2
E - a T =
600 — ]
- E 3 | 7 2 P -
@200 — mg = —(Zm;_. +m ), m, ~ 400Mel =
E - 3 & 0 =
=400 ) =
E - =
= = # =
23001 my, > ~3m, ~250Mel’ <
=200~ -
o Kapusta et. al. range =
100 T Weinberg limit =
: | | | | | | 1 | | | | | . | | | LI [ I | | | 1 I I | I I I 1 I:

0 90 100 150 200 250 300

Inverse slope parameter B'[MeV]

* Framed region: Kapusta et al., arXiv:nucl-th/9507343 .
= L ower limit: S. Weinberg, Phys. Rev. D 11, 3583 (1975).

11/29/2011 17 T. Cso6rab



vS. Predictions

Contours o=0

£200 -
- - = Kaneta et al. Kapusta et. al. range ]
100 = — | etessier etal. =-eee- Weinberg limit =
: | | | | | | | | | | | | | | | | | | | | | | | | | | | | | :
0 50 100 150 200 250 300

Inverse slope parameter B [MeV]

* Framed region: Kapusta et al., arXiv:nucl-th/9507343 .
= | ower limit: S. Weinberg, Phys. Rev. D 11, 3583 (1975).

= Sigma-contours from model calculations
11/29/2011 18 T. Cs6rad



atics and Results

= | argest uncertainity: models for resonance ratios

* Modifying parameters in the widest reasonable range
= —12<a<+1/2(1)
= 140 MeV <T_  <220MeV

cond —

= 100 MeV < T,,<177 MeV
(altogether 17 x 1248 x 1000000 events simulated)

= An upper boundary can be determined for the n’ mass:

Each and every setup fails when m*.> 750 MeV
(failure means CL<0.1%)

11/29/2011 19 T. Cso6rab



— a Visual Summary

J—
W

a=0
Teond™ 177 MeV

Teo™177 L

50

L

ASWN 001=4
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lity, system size
rgy dependence

Mhpax from J. Adams et al, STAR Coll., Phys. Rev. C71, 044906 (2005)

1.05 rTrrryrrrrryrror0r7n1r T T]7TTTTT]T T TT T TTTT LI T 1]
i L # ] “i_ E
0.95 | *?.-. i + ; + # B
v x - .
09 | {% H - -
£ oss) K 3 9L & E
£ oos] . -
< 0.75 ) B A.[kT]Ii\.mﬂ comparison
| L B NA44 Pb+Pb
07 | ‘|;| : 0.7~ . A STAR Au+Au 62GeV 0-5%
# 501-3 :ﬁ’ T B Fy ¥ STAR Au+Au 200GeV 0-5%
R -10 %o =i B *
0.65 .ﬁf' 1020 % e frog 0.6 STAR Cu+Cu 62GeV 0-10%
0.6 : . . , 20-30 % =B Ll il il % sTARCu+Cu200GeV 0-10%
) 0.25 0.35 0.4 0.45 0.5 100 150 200 250 300 350 400 450 500 5540
my (GeV) kr [MeV]
STAR data: effect is present at all RHIC energies and centralities
Deeper hole: larger n' enhancement
Effect is slightly bigger for
more central reactions, bigger colliding nuclei, and larger energies
11/29/2011 21 T. Csora6



t: n’ spectrum

11" spectra from RHIC 200 GeV
central Au+Au correlation data

--------- no mass drop

Letessier et al.

T

- = Kaneta et al.

10 '\
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= An enhancement factor of 25 to 68 depending on model
= Enhancement breaks m; —scaling at low-p;
= Possible explanation of the dilepton excess = needs check!
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t: n spectrum

L L LI I L I L | L | T 1T 1 | L | LI I
11 spectra from RHIC 200 GeV |

A central Au+Au correlation data
102 “ —
s mssmsmam mmassdmp =
L] -
. .
A -

. === = Kanetaetal

By, ]
10 """, N 0000 mmeas UrQMD —
E E ..... 2 %‘ E
O = - .
E - .\-. total uncertainty ]
T I =~ i
f-F N "'n..."\ _
= = = =
- = .., -
= E n.._u\_.\ E
10" el
— n .‘..‘_
0%, 1 R R R B

0 02 04 06 0.8 1 1.2 14 1.6
my-m,, [GeV]

= An enhancement factor of 5.2 to 7.5 depending on model
= Enhancement at low-p; €=» Fits measured data at high-p-
= Possible explanation of the dilepton excess = needs check!
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Excess in CERES

VOLUME 75, NUMBER 7 FHYSICAL REY
i $-Au 200 GeViu P, =200 MeVic
= Measurement St B % o
" 21 =<1 =265
= (dn,, fdmy = 125
. g
= Model calculations

= Excess
in the range b/w the = and p mass w7

PLI e 1 PR I ISR, N
0 02 04 06 08 12 14
m eV e

FIG. 4. Tnclusive ¢ ' e mass spectra in 200 GeV /nucleon 5-

A eollisions.  For explanations sce 19e. 2

Invariant e+ e- pair yield measurements compared to hadronic model yealds
e+ e- pair production in Pb - Au collisions at 158-GeV per nucleon.
CERES cn. (G. Agakichiev et al.). Jun 2005. 39pp.
Eur.Phys.J.C41:475-513,2005. e-Print: nucl-ex/0506002
current understanding: broadening of the p width
11/29/2011 24 T. Csérad



xcess In PHENIX

m IIIIIIIIIIIIIIIIIIIIIII |||I|I|I|IIIIIIIIII Lip 4 LA | L i L | L L4 L L aun. o ™ L L ™
Q -1 . . __| 2 10 —
2 ' F min. bias Au+Au at \[s = 200 GeV S % § AurAuZpipat\Bw =200 GeV 7
- = 035 ® |min Baie Ay (P
E e DATA gto_)?ee JY — ee : E'_p 10 :-[I?Gr‘."r [_ J bixs -
5 10'2 ' ly| <035 . n—s yee ¥ s ee — § Elp‘p-ﬁ:!s PHEM D Frelmirary] E
Q Pr= 0.2 GeV/c TI' —yee  =e=e- T — ea {PYTH'A} E ; 1o° - norTRized 10 m,, s 100 Meic® -
: p—>ee ct — ee (random correlation) - ‘f % =
= ®—> ee & T ee = = 10t ® & -
% e — ee & nee -] =3 we o g
o 7] D o0 " b -
= T e .H-N-:ﬁ.—
= = E’ | | %ﬁ'*
3 ] 3" :
ﬂ“‘" ''''''' _E -':L‘
% --------- E §-1°r ;?_*_—+_.
% g o 0.5 I1 'll_é 2 25 3 als.lt 45
= - m,, (GaWic’
© _
ga ....... A. Adare et al. (PHENIX cn.)
T N2 = Phys.Lett.B670:313-320,2009.
3.5 4.5 .
m,, [GeV/c?] S. Afanasiev et al. (PHENIX cn.)

e-Print: arXiv:0706.3034
= Au+Au invariant e+ e- pair yield

= Significant excess in PHENIX 200 GeV Au+Au measurements
= Not present in p+p data — in accordance with hadronic models
» Excess must be an effect of the hot, dense medium
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m" < m— 200 MeV

at the 99.9% confidence level
— from PHENIX+STAR '™

correlation data + 6 models |

N /
\

" Cross-check with dilepton spectrum needed
= More A" data at low p; is needed to reduce systematics

= Revitalize interest in chiral symmetry restoration

11/29/2011 26 T. Cso6rab



and looking forward to a Buda-Tokai ...
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" mass:
ed values

Model Fits for PHENIX+STAR data Parameters

ALCOR |Kaneta et al.|Letessier et al.|Stachel et al. |[UrQMD|| o |Teond|Tro
my, (MeV) [ 490750 | 53015 340750 34030 | 40015
B~! (MeV)| 42 55 86 86 86 O | 177 | 177
CL (%) 4.29 412 6.35 6.38 6.28
my, (MeV) | 540750 | 56075 41073, 4100 (4607
B~!' (MeV)| 55 55 86 86 g || -0-5| 17T | 177
CL (%) 2.80 3.35 6.07 5.07 6.14
my, (MeV) 210
B™! (MeV) 86 +0.5| 177 | 177
CL (%) 6.54
m},(MeV) 620 460
B~! (MeV) 42 69 0 | 140 | 177
CL (%) 2.26 5.86
m?, (MeV) 440 200
B~ (MeV) 69 104 0 | 220 |177
CL (%) 5.61 6.33
m;,(MeV) 410 240
B™! (MeV) 145 145 0 | 177 | 100
CL (%) 1.63 1.80

TABLE II: Fitted values of the modified 7}" mass on the STAR4+PHENIX combined dataset, for different resonance models and
parameters. The Fritiof model has CL< 0.1% and therefore not shown here. 1-o boundaries of the fits are given only for m
and for the &« = 0 and & = —0.5 simulations, not for all the systematic checks.

11/29/2011 29 T. Cso6rab
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' mass:
ility boundaries

Dataset Acceptability boundaries of model fits Parameters
ALCOR |FRITIOF |Kaneta et al.|Letessier et al.|Stachel et al.| UrQMD a |Teond|1Fo

PHENTX 0—750 |680—958 | 0—720 0—510 0—500 0—530

STAR 380—600| none 430—630 190—450 190—450 |260—500|| O | 177 | 177

PHENIX+STAR|380—590| none 420—620 260—430 260—430 |330—470

PHENTX 30—770 | 420—958 | 50—730 0—540 0—540 0—560

STAR 470—630| none 500—650 300—500 300—500 |360—540] -0-5 | 177 | 177

PHENIX+STAR|450—620| 670—760 | 490—640 340—480 340—480  |400—510

PHENIX 0—450

STAR 0—390 +0.5| 177 | 177

PHENIX+STAR 0390

PHENIX 0760 0—450

STAR 560—690 0—390 0 | 140 | 177

PHENIX+STAR 540680 0—360

PHENIX 0—680 0—410

STAR 270580 0—350 0 | 220 | 177

PHENIX+STAR 200560 100320

PHENIX 220470 30310

STAR 360—A470 190—300 0 | 177 | 100

PHENIX+STAR 370—440 200—280

TABLE III: Acceptability boundaries of the modified 1" mass on the PHENIX, STAR, and the STAR+PHENIX combined

datasets, for different resonance models and parameters. A fit is considered acceptable if CL> 0.1%. There is no model and
no sane set of parameters that contradict with an my, < 760 MeV assumption for the combined PHENIX+STAR dataset.
However, all the models except for the FRITIOF, the one that completely fails on the STAR dataset, require an m_, < 640MeV .
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Fig.26: Invariant mass spectrum of e+e-
pairs compared to expectations from the
model of hadron decays for p+p and for
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different Au+Au centrality classes.
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Fig.29: e+e- pair invariant mass
distributions in p + p (left) and minimum bias
Au+Au collisions (right). The pT ranges are
shown in the legend.

31 T. Csorad



Calculations: mn.*=53[l MeV, B'=55 MeV

sonances:
ta-Xu vs. RHIC

| Confidence level (%) |

Kaneta & Xu, arXiv:nucl-th/0405068
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1— i
0.8 et
E 0.6 :_ Resonanci GER ::Eﬁtdl'lllgiggﬂﬁﬂ
present model
0-4__ --- moedel, no mass drop
B ®  PHENIX {Au+Au 200GeV)
0.2—
~ & STAR (Au+Au 200GeY)
u R | 1 1 1 1 I 1 L 1
0.2 0.8
m, [GeV]
11/29/2011
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S

= Statistical chemical freezeout model
= Central mid-n 200 GeV Au+Au
» Describes PHENIX hadron spektrum well
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sonances:
OR vs. RHIC

Calculations: m, *=490 MeV, B'=42 MeV |_Confidence level (%) |
T.2 = C
i 900 =
1 " =800
E =
700— _
0.8{=="" =
N 600—
T _ALCOR T
AE 0.6 Resonances: hep-ph/0007247 500 F
present model 400F —
0.4 __ ------- model, no mass drop 300 f_
B #  PHENIX (Au+Au 200GeV) 200 E_
0.2— -
B &  STAR {Au+Au 200GeV) 100E-
u _I | L L L | L L L I L L L I L L L I L L L E L L L L I L L L L I L L L L I L L L L I L L L L I L L L L I L L L L I L
0.2 0.4 0.6 0.8 1 1.2 H] 50 100 150 200 250 300 350
m, [GeV] B [MeV]

= Coalescence-model

= n’/ n ratio has to be fixed from other models
(Kaneta, here)

P. Levai, T.S. Biro, T. Csorgo, J. Zimanyi, hep-ph/0007247
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sonances:
IOF vs. RHIC

Calculations: m,_*=910 MeV, B'=21 MeV | Confidence level (%) |
T2[ - 7
- 2 g00--
5 o i
LB 1T g 800
o< - - s
2 oal o T00E
0.8 g -
« F ! E 600
Q — 'ﬂ I
: _FRITIOF -
g 0.61= ' Resonances: . ph/9602431 E S00--
g - —— present model 32 400—
g_-l 0.4 I ETEEEET model, no mass drop E 300 E---
- B PHENIX {Au+Au 200GeV) -
< 02— ®  nucl-ex/0401003 200
e L o  STAR(Au+Au 200GeV) =
L nucl-ex/0903.1296 100 |
u_l | 1 1 1 | 1 L L I L L L I L L L I 1 1 1 : 'l L j Il LA L ] Ll bl L # Ll L L I Al i L ] 'l | - I Ll i L I i
0.2 0.4 0.6 0.8 1 1.2 0 50 100 150 200 250 300 350

Transverse mass m, [GeV] Inverse slope parameter B’ [MeV]
= 200 GeV mid-rapidity Au+Au simulation

= Note:Does not describe STAR data, neither the unified PHENIX+STAR
dataset. For PHENIX data only, it is consistent with m_.=958MeV.

B. Anderson et al., Nucl. Phys. B 281 (1987) 289.
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sonances:
-Rafelski vs. RHIC

Calculations: mn.*=34l] MeV, B'=86 MeV

| Confidence level (%) |

1.4 - 7
- )i iguu;—
T ' 700F- s
0.8~ J 600/
L E —4
r_dE 0.6 Resonanc es; Letessioretal. 500
Rk CTRGETT 400 —3
0.4 N —— - 200 }?
L = 2
0ol #®  PHENIX [Au+Au 200GeV) 2001
. ®  STAR (Au+Au 200GeV) 100 ;_ 1
u_l I].|2 — IJI.|4 — IJI.IB — I].IE — ‘II — 1.2 I'.i:I = IEIDI = I1(!'13I = I15|lIII = I2'1!.IIIII = I25|IIII = IZi'-(!llllI = IZJASIIIII
m, [GeV] B [MeV]
» Statistical chemical freezeout model
= Central mid-n 200 GeV Au+Au
J.Letessier J.Rafelski, arXiv:nucl-th/0504028
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Calculations: mn.*=34l] MeV, B'=86 MeV

T.£ C
- .
1__ ---- -.1[ r— Eamn s L U
0.8 J

. Stachel et al.

1.2

sonances:
| et al. vs. RHIC

| Confidence level (%) |
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= Statistical chemical freezeout model
= Central mid-n 200 GeV Au+Au

m f—
& 06— R €S: @ UCI-th/9907090
=< = present model
0-4__ -=-- model, no mass drop
B ®  PHENIX {Au+Au 200GeV)
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- ®  STAR (Au+Au 200GeV)
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11/29/2011

J.Stachel et al., arXiv:nucl-th/9907090
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sonances:
MD vs. RHIC

Calculations: m *=400 MeV, B'=86 MeV | Confidence level (%) |
1.2 C ; E 7
- L 5 900
- I o ! . — "800 6
« B e | E =
s 700
* — ] —_ _5
= osp g
- ~ E 600—
[« : [ = —4
_UrQMD -
g 0.6— Resonances: | ph/9909407 E 5001
g = —— present model ® 400 ? I
= - E =
g_-l 0.4 [ ETE P model, no mass drop £ 300
= B PHENIX (Au+Au 200GeV) = 2
T Aol 0 200
T 02l nucl-ex/0401003 -
e L o  STAR(Au+Au 200GeV) = 1
= nucl-ex/0903.1296 100—
u N | L L L | L L L I L L L I L L L I L L L : L L L L I L L L L I L L L L I L L L L I L L L L I L L L L I L L L L I 1
0.2 0.4 0.6 0.8 1 1.2 0 50 100 150 200 250 300 350

Transverse mass m_[GeV] Inverse slope parameter B [MeV]

= 200 GeV midrapidity
= Au+Au, RHIC s\=200 GeV

J. P. Sullivan et al., Phys. Rev. Lett. 70 (1993) 3000
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Ki vs. PHENIX

Calculations: m_*=220 MeV, B'=86 MeV |_Confidence level (%) |
1.2
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F E 900
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1— e ! 800
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_ @  PHENIX (Au+Au 200GeV) 200
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Calculations: mn.*=34l] MeV, B'=86 MeV
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| Confidence level (%) |
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Calculations: mn.*=31l] MeV, B'=3 MeV

ski vs. STAR

| Confidence level (%) |
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11/29/2011

stematics:
alski a=-1/2

| Confidence level (%)
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stematics:
felski a=0

| Confidence level (%)

3 900

=

"E-:anu
700
600
500
400
300
200

100

11/29/2011

S BRI

300 350
B [MeV]

50 100 150 200 250

42

T. Csorad



stematics:
Iski a=+1/2

| Confidence level (%)
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stematics:
ki T'’=140 MeV

| Confidence level (%)
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stematics:
ki T’=177 MeV

| Confidence level (%)
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stematics:
ki T'=220 MeV

| Confidence level (%)
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stematics:
| Teo=100 MeV

| Confidence level (%)
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stematics:
| Teo=177 MeV

| Confidence level (%)
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diagram — future plans

= How to reach the ,sweetest
point”?
= QOrder of PT?
= QCD Ceritical point?
= Confinement and chiral
Symmetry relations?
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= RHIC in next 5 years

= Beam energy scan:
First exploration of PTs

= Complemeting LHC
= Complementing FAIR
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