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Nowy stan materii 

Ὕ ͯ σππ  K Ὕ ͯ ρυππ  K 

GaȊ ŀǘƻƳƽǿ ȊƱƻǘŀ: Ὕ ͯ σπππ  K 
 
!ōȅ ǎǘƻǇƛŏ ǇǊƻǘƻƴȅ 
RHIC and LHC: Ὕ ͯ ρπ K 

|ǊƻŘŜƪ {ƱƻƵŎŀ: Ὕ ͯ ρπ K 
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/ƘŎŜƳȅ ōŀŘŀŏ ǇƭŀȊƳť ƪǿŀǊƪƻǿƻ-ƎƭǳƻƴƻǿŊ 
Jak wytworzyŏ ǘŀƪ ŘǳȍŊ ǘŜƳǇŜǊŀǘǳǊťΚ 
 
½ŘŜǊȊŀƳȅ ƧŊŘǊŀ ȊƱƻǘŀ (Au) lub ƻƱƻǿƛǳ όtōύ Ȋ ǇǊťŘƪƻǏŎƛŀƳƛ ōƭƛǎƪƛƳƛ  
pǊťŘƪƻǏŎƛ ǏǿƛŀǘƱŀ 
 
!ǳ Ґ мфт ƴǳƪƭŜƻƴƽǿ  
tō Ґ нлу ƴǳƪƭŜƻƴƽǿ 

gluons  
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ὺ ὧ 

RHIC ς Relativistic Heavy Ion Collider, Nowy Jork, USA 
Au+Au, 20 - 200  GeV (ǿ ǳƪƱŀŘȊƛŜ p+p)  
d+Au, 200 GeV 
 
LHC ς Large Hadron Collider 
Pb+Pb, 2760 GeV (w ǳƪƱŀŘȊƛŜ p+p)  
p+Pb, 5020 GeV 
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Obliczenia QCD (chromodynamika kwantowa) na sieciach 

/ƛŊƎƱŜ ǇǊȊŜƧǏŎƛŜ Ȋ ƎŀȊǳ ƘŀŘǊƻƴƽǿ Řƻ ǇƭŀȊƳȅ ƪǿŀǊƪƻǿƻ-gluonowej  (?)  
przy Ὕ ςππ MeV (ρπ K) 

Y.Aoki et al., Nature 443 (2006) 675 
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/ƘŎŜƳȅ ōŀŘŀŏ ŘƛŀƎǊŀƳ ŦŀȊƻǿȅ v/5 
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½ŘŜǊȊŜƴƛŀ ŎƛťȍƪƛŎƘ ƧŊŘŜǊ ǘƻ ǘŀƪȍŜ ȋǊƽŘƱƻ ǿƛŜƭƪƛŎƘ Ǉƽƭ ƳŀƎƴŜǘȅŎȊƴȅŎƘ 

_ŀǘǿƻ ǇƻƭƛŎȊȅŏΣ ȍe pole magnetyczne  
w ǏǊƻŘƪǳ fireballa Ǌƽǿƴŀ ǎƛť 

ὄ ρπ Gaussa  
         ρπ Tesli 
               1 όƳŀǎŀ Ǉƛƻƴǳ 

/Ȋŀǎ ȍȅŎƛŀ pola B ƧŜǎǘ ōŀǊŘȊƻ ƪǊƽǘƪƛ. 
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5ƭŀ ǇƻǊƽǿƴŀƴƛŀ ƛƴƴŜ ȋǊƽŘƱŀ Ǉƻƭŀ ƳŀƎƴŜǘȅŎȊƴŜƎƻ 

The 45 Tesla Hybrid: 
45 Tesli ͯ  τȢυϽρπ  ά  

Magnesy pulsacyjne: 
100 Tesli ͯ ρπ  ά  

Pulsary: ρπ ρπ ά  

Magnetary: ρπ ρπ ά  
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A.B., V.Skokov, Phys. Lett. B710 (2012) 171 

YƻƴƪǊŜǘƴȅ ǊŀŎƘǳƴŜƪ όȊ ŦƭǳƪǘǳŀŎƧŀƳƛ ŦǳƴƪŎƧƛ ŦŀƭƻǿŜƧ ƧŊŘŜǊύ  

ὦ  parametr zderzenia 
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• 
kŊǘ ŀȊȅƳǳǘŀƭƴȅ 

Ὠὔ

Ὠ• 
 ͯ ρ ς ○ÃÏÓς• Ễ 

RHIC i LHC: ○ ͯ Ȣ, ǘƻ ƧŜǎǘ ōŀǊŘȊƻ Řǳȍŀ ƭƛŎȊōŀ 

{ƛƭƴƛŜ ƻŘŘȊƛŀƱǳƧŊŎŀ ƳŀǘŜǊƛŀΣ ƪǘƽǊŀ ȊŀŎƘƻǿǳƧŜ ǎƛť Ƨŀƪ ǇƱȅƴ 
Relatywistyczna hydrodynamika 

Lekcja z RHIC, ǇǊȊŜǇƱȅǿ ŜƭƛǇǘȅŎȊƴȅ (elliptic flow) 

J.-Y. Ollitrault, PRD 46 (1992) 229 

dƭŀ ǇƛƻƴƽǿΣ ƪŀƻƴƽǿ,  
pǊƻǘƻƴƽǿΣ itd 
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‗

ὒ
Ḻρ 

‗  ǏǊŜŘƴƛŀ ŘǊƻƎŀ ǎǿƻōƻŘƴŀ 
ὒ   rozmiar systemu 

‗

ὒ
 ͯ ρ 

ƳŜŎƘŀƴƛƪŀ ǇƱȅƴƽǿ  mechanika statystyczna 

άǇǊȊŜǇƱȅǿέ jest izotropowy pǊȊŜǇƱȅǿ ƧŜǎǘ anizotropowy 
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IȅŘǊƻŘȅƴŀƳƛƪŀ ŘŀƧŜ ƴƛŜǘǊȅǿƛŀƭƴŜ ƪƻǊŜƭŀŎƧŜ ǿƛŜƭƻŎȊŊǎǘƪƻǿŜ  

• 

ὼ 

ώ 

ὅ Ў• ͯ ÃÏÓ ςЎ•  

ὅ ma maksima dla Ў• π i Ў• “ 
 
{Ŋ ǘŜȍ ƪƻǊŜƭŀŎƧŜ п-, 6-, 8-Σ Χ Σ b-ŎȊŊǎǘƪƻǿŜΣ ƧŜǎǘ ǘƻ ŎƘŀǊŀƪǘŜǊȅǎǘȅŎȊƴŜ  
dƭŀ ǇǊȊŜǇƱȅǿǳ kolektywnego 

Ў• • •  
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tǊȊŜǇƱȅǿ ǘǊƽƧƪŊǘƴȅ 

sŊ ǇǊȊȅǇŀŘƪƛΣ ƎŘȊƛŜ ǳƪƱŀŘ ǿȅƎƭŊŘŀ Ƨŀƪ ǘǊƽƧƪŊǘ 

ὅ Ў• ͯ ÃÏÓ σЎ•  

B. Alver, G. Roland, Phys. Rev. C81 (2010) 054905 

ὦ 

„ ὦ ͯ Ὡ Ⱦ  

nieelastyczny p. czynny 

Glauber  
MC model 

Ў• • •  
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aƻȍŜƳȅ ǘŜȍ ƳƛŜŏ ōŀǊŘȊƛŜƧ ǎƪƻƳǇƭƛƪƻǿŀƴŜ ƪǎȊǘŀƱǘȅΥ 

ὅ Ў• ͯ ὺ ÃÏÓ ὲЎ•  

Na RHIC (Au+Au) i LHC (Pb+Pb) hydrodynamika odnosi sukcesy  

2760 GeV 

C. Gale et al., Phys. Rev. Lett. 110 (2013) 012302 

bŀǊŘȊƻ ƳŀƱŀ ƭŜǇƪƻǏŏ,  
–ίϳ ͯ πȢρ πȢς  


