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I — Motivacao
* Entendimento das interacoes fortes.
* Correlagoes entre sistemas de poucos € de muitos nucleons.

* Ordem da transi¢ao de fase em nucleos quentes.

* A busca de um novo estado da matéria, o plasma de quarks e gluons,
no laboratorio (RHIC,LHC).

* Entendimento do diagrama de fase da QCD.

* Entendimento das varias simetrias e escalas da fisica.
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I1 — A Fisica de Poucos Nucleons
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Modelagem Super-Simples
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III — Matéria Nuclear Fria
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Muitos Nucleons (NR) - Skyrme
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Ha mais de 100 parametrizacoes diferentes !
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E importante seleciona-los, ja em T =0
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Limites: 88 +/- 25 (113 - 63) MeV

160

120

L (MeV)

40

L = 3p,

dp

P=FPo

LR K

P

* ® & »

B

HEEEHE#

ErprrIEEEEER

|

40

1-Gs
T-Rs
3801
4-8Ly0
5-SLyl0
E-SLy2
T-SLy 30
3-51y3
O-SLyd
10-5Ly3
11-5Lyi
12-SLy7T
13-5Ly8
14-5Ly%
15-5%
16-5K01
17-540%
18-5K1%
1%-5kd4
20-5k15
21-5k86
21-SkhP
23-Sk(y
24-Sk0°
25-5ETd
26-5ETS
27-5Lyl
2B-T
-T3
FH-NEAPE
-5 Ly TR0k
32-TE




Limites: 0.57 - 0.83
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g/p (MeV)

PNM (Pure Neutron Matter)
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PNM (Pure Neutron Matter)
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IV — Matéria Nuclear Quente
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Limite nao-relativistico
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Conexdo com modelos de Skyrme !




Por que Colidir lons Pesados a energias
Relativisticas?

Estudo do diagrama de fase da matéria nuclear

— Quark-Gluon Plasma:“A locally thermally equilibrated state
of matter in which quarks and gluons are deconfined from
hadrons, so that color degrees of freedom become
manifest over nuclear, rather than merely nucleonic,
volumes.”

— Portanto, precisamos de um sistema denso (em termos de
energia), grande e que atinja o equilibrio térmico...




V — Materia Nuclear Muito Quente

Temperatura

Diagrama de fase da QCD
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Previous works

N A-A collisions ]
—_ ¥ SPS
s [7 Ca
=0 e, AGS
—
7
100 7]
Hadronic ratio fittings N ]
Vol
<E>/<N>=1 GeV
Q.0 . O.'E . 0.'4 . 0..6 . 0..8
Uy [GeV]

extracted from:
P. B. Munzinger, K. Redlich, ]. Stachel, arXiv:nucl-th/0304013v1l
(E) 3

(N) ~ (m) + 5 T

J. Cleymans and K Redllch PRL 81 (1998) 5284.
w 7 / , e /—




* Beam energy up to 100 GeV/A 19.6, 62.4, 130, 200 GeV/A;
* Two independent rings (asymmetric beam collisions are possible);

* Beam species: from proton to Au: Au+Au, p+p, d+Au, Cu+Cu;
* Six interaction points: STAR, PHENIX, PHOBOS and BRAHMS




A Fisica de Tons Pesados Relativisticos.

* Existe equilibrio quimico?

* Uma grande produg¢ao de mésons.

* Uma grande producao de particulas estranhas.
* Razdes anti-barions/barions grandes.

* Bons ajustes por modelos térmicos.




Modelos Térmicos

Temperxttjre yical Potential
2
~ (2J; + W / 4 E

W L pz? J,.-“T-}-p. q_?fT:tl]—l

Yield Mass Quantum Numbers

Hagedorn, Becattini, Braun-Munzinger, Cleymans,

Letessier, Mekijan,Rafelski, Redlich,Stachel, Tounsi

VanBiZQBZZ—i—N,
[

V) niSi=0s=0, » Conservation laws
i

VZ”:'ISi =0 =(Z-N)/2,

Assume: Ideal hadron resonance gas thermally and chemically equilibrated
Recipe: grand canonical [ partition function [ density of particles of species j
Input: measured particle ratios

Output: temperature T and baryon-chemical potential 4




Modelos Térmicos
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Statistical models work well at AGS, SPS, and RHIC
Hint that chemical and thermal equilibrium is reached (but no

proof!)
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00 Model re-fit with all data i | : [ Model prediction for
— T=176 MeV, p, =41 MeV S ' T=177MeV, , =29 MeV

Braun-Munzinger et al., PLB 518 (2001) 41 D. Magestro (updated July 22, 2002)




TABLE I:
noninteracting particles.

Particle ratios: experimental vs those obtained by relativistic mean field models. The last two columns refer to models with

Ratio Exp. data Exp. NL3[7] TMI [8] GMI[9] GM3[9] TW[3] DDMEI[5] Octet Octet+decuplet
PP 0.65£0.07 STAR 0.650 0.646 0.626 0.597 0.656 0.663 0.661 0.649

0.64 +£0.07 PHENIX

0.60£0.07 PHOBOS

0.64 £0.07 BRAHMS
p/T- 0.08 +£0.01 STAR 0.075 0.072 0.072 0.063 0.076 0.074 0.039 0.041
a~ /ot 1.00£0.02 PHOBOS 0.998 0.991 0.999 1.00 1.01 1.01 1.00 1.01

0.954+0.06 BRAHMS
K= /K™ 0.88 £0.05 STAR 0.912 0.911 0.907 0.905 0.896 0.900 0.961 0.941

0.78+0.13 PHENIX

0.91 +£0.09 PHOBOS

0.89+0.07 BRAHMS
K~ /m~ 0.149 +£0.02 STAR 0.234 0.234 0.242 0.243 0.228 0.227 0.232 0.235
A/A 0.77 £0.07 STAR 0.681 0.680 0.666 0.644 0.663 0.675 0.687 0.689
BE-/E" 0.82 £0.08 STAR 0.746 0.747 0.735 0.711 0.739 0.748 0.714 0.732
K" /h~ 0.06 +0.017 STAR 0.058 0.059 0.063 0.064 0.064 0.063 0.060 0.061
K%/ h- 0.058 £0.017 STAR 0.053 0.054 0.057 0.058 0.056 0.056 0.057 0.057
Q/Q 0.693 0.699 0.715 0.723 0.585 0.586 — 0.784
Q/m- 0.001 0.001 0.002 0.002 0.001 0.001 — 0.001
AR~ 0.021 0.020 0.021 0.020 0.023 0.022 0.013 0.014
Q/E™ 0.172 0.178 0.195 0.211 0.173 0.174 — 0.250
ol RO 0.351 0.341 0.331 0.301 0.363 0.353 0.226 0.228
E-/A 0.226 0.226 0.227 0.221 0.296 0.295 0.241 0.222
E-/A 0.332 0.332 0.341 0.343 0.330 0.327 0.312 0.322
E /K- 0.047 0.045 0.050 0.049 0.048 0.045 0.027 0.030
E-/K~ 0.035 0.034 0.035 0.033 — — 0.019 0.022
T(MeV) 149 149 152.0 152.8 146.6 146.2 146.4 148.8
g (MeV) 47.5 46.5 475 48.0 62.8 570 305 32.5
p x1073 8.37 8.03 9.62 9.95 4.90 445 2.41 4.77
(fm~)
x> 23.94 24.43 27.99 33.19 22.18 21.83 45.44 41.63
Radius (fm) 204 227 21.38 21.14 26.77 27.65 33.91 27.02

D. P. Menezes,

et al, PRC 76 064902 (2007).



O Diagrama de fase
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Mass scaling fittings

£ dof.
M*/M is baryon mass scaling and ( T , p, ) both in MeV

' 'e—o M*/M=0.80 (132, 28) : !
+—+ M*/M=0.85 (140, 30)
-~ M*/M=0.90 (150, 32)
)
)

=—a M*/M=0.95 (158, 34
M*M=1.00 (166, 36




M*/M  m*/m X3 f T [Lg S e/P ¢/T* s/T° <=/p Rpp p <m>
1.00 1.00 5400 144 24 32 505 249 296 072 263 0.19 4272
1.10 1.41 1.184 182 39 16.0 538 255 3.00 099 150 0.37 564.2
1.05 1.35 1.188 174 38 12.6 538 255 3.00 095 15,6 0.32 538.0
1.00 1.28 1.185 166 36 11.9 538 258 3.03 091 163 028 5129
0.95 1.22 1.186 158 34 11.4 539 258 3.03 087 17.1 024 4723
0.90 1.16 1.191 150 32 10.8 540 258 3.04 082 18.0 0.21 446.1
0.85 1.08 1.192 140 30 9.7 537 254 3.00 076 19.7 0.17 590.5
0.80 1.02 1.187 132 28 9.1 537 254 3.00 072 209 0.14 6168
Cl1 0.78 171 48 11.1 6.43 6.27 0.66

C2 0.77 153 51 94  6.39 4.53 0.35

S3 1.37 136 24 94 522 237 228 0.72 243 0.14 4349
S3A 0.72 140 26 4.6 529 223 264 075 221 0.15 460.0
S3B 0.54 138 25 93 532 217 256 074 232 0.14 460.0

Table 2: Some thermodynamics quantities obtained by own model. T, pp, ps
are given in MeV. Rpp is given in fm. p is given in fm=3. ¢, P, s are energy
density, pressure and entropy density. C1, C2 are taken from: PLB 547 (2002)
7. S3 are the Stocker masses without scaling. S3A (S3B) takes M*/M and
m*/m from S3 but multiplies m*/m by 1.1 (1.075).
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p versus <m> for different models

<m> [MeV]
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E/p versus <m> for different models
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Na Fisica dos lons pesados e das Estrelas Compactas
a materia esta em regimes bem diferentes.

[ons pesados (RHIC) . Estrelas de Neéutrons
* Alta temperatura (T ~ 150 MeV) Temperaturas baixas (T < 1MeV).

* Baixas densidades. « Altas densidades (p ~10p ,).

* Conservacao da Estranheza.

Estranheza nao € conservada.
*  Nao ha equilibrio 3 . *  Ha equilibrio B .

*  Os mesons dommam (TT, K ).« Og barions dominam (néutrons).
* Sistema carregado. Sistema neutro.
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