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What powered the Big 
Bang? 

General Relativity: 
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Three approaches to find w(z) from observations 

  To solve the scalar field equation 

  To build w(z) in terms of w0 & w’≡dw/dlna 

  w(z)=w0+wp1z; w0+wp2ln(1+z); w0+wp3z/(1+z) 

  Parameter-free approach 

  Binned EoS; Decomposition into orthognal basis; …… 
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ZHZ & Fujimoto 2004, A&A, 417,833 

To determine EoS：previous results 
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Zhao, Xia, Li, Tao, Virey, ZHZ & Zhang 2007 PLB, 648, 8 

To determine EoS：previous results 
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Binned EoS：recent results (Serra et al. 2009) 

Union + WMAP + BAO 

Union+WMAP+BAO+WL+ISW 

Constitution + WMAP + BAO 

Planck + JDEM 
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Binned EoS：our results (Gong,Cai,Chen & ZHZ 2009) 

Constitution + WMAP + BAO Constitution + BAO Constitution + WMAP + BAO+H(z) 
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The most investigated EoS parametrizations 

  P1: linear variation (Cooray & Huterer 1999) 
  Quintessence, constant or slow changing EoS. Blows up for z>1 

  P2: Empirical fit (Efstathiou 2000) 
  Dynamical scalar field (z<4) 

  P3: asymptoting to a constant at high z              
(Chavallier & Polarski 2001; Linder 2003) 
  Many scalar field potetials 



A 
generalized 
EoS for DE 
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A generalized EoS for dark energy, Pβ 

Introducing β admits new cosmological solutions 
beyond P1, P2, P3. 
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Evolution of fβ≡ρβ/ρβ0 (From energy conservation law) 
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Evolution of ρβ/ρm (w0=-1, ρβ 
0
 /ρm 

0~2.33 ) 
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Pβ can incorporate many DE scenarios 

  Models approximated by P3 are particular 

examples of Pβ 

  Thawing scalar field models (PNGB) 

  A generalization of P3, w(z)=w0+wp3(1-ab) 

(Linder & Huterer 2005)  
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Friedmann Eq. & Deceleration parameter 
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Transition redshift zt as a function of β (w0=-1,Ωm
0=0.3) 



Observation
al 
constraints 
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Constitution Set: Hubble diagram (Hicken et al.2009) 
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Constitution Set: Contours of ΩΛ vs. Ωm (Hicken et al.
2009) 
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Constitution Set: Contours of w vs. Ωm (Hicken et al.2009) 
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CMB shift parameter & BAO parameter 

Eisenstein et al. 2005 

Wang & Mukherjee 2006 
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H(z) data (Simon et al. 2005) 
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Contours of (w0,β) & (wβ,β) 
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Contours of (w0, wβ, β) with best fit (-1,0.28,0.1)  
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Summary 

  A generalized EoS for DE, Pβ, is proposed. 

  Pβ can recover the most investigated EoS para-
metrizations, P1, P2, P3. 

  Pβ can incorporate many DE scenarios. There is a 
family of Pβ>0 solutions compatible with current data. 

  The next generation of DE experiments can 
determine (if any) interval of (wβ, β) . 
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Astronomy in 
China 
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Beijing 
(NAOC)  

Nanjing 
(PMO) 

Shanghai 
(SHAO) 

Kunming 
(YNAO) 
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Xinglong station before LAMOST 
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560 km 
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Xuyu station 
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In Nanjing of China 



  FAST 
  NAOC拟利用贵州天坑地形建设大型射电望远镜，
作为国际平方千米阵列(SKA)的一部分，第一步拟
建500米直径球形望远镜（FAST).  

•  引力透镜；射电源瓣的大小；脉冲星观测探测引力
波；…… 

  南极Dome A望远镜项目 
  其他项目 
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G
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PKU 

BNU 

UST 

NJU 
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Beijing Normal 
University and its  

Astronomy Dept. 
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Two 40-cm telescopes in Beijing 
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¼ time of 
85-cm at 
Xinglong 
station 
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