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Cosmology in 1998 

SNe Ia：
l1051 erg
lUniform

1998 
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Cosmology in 2004 

Combine to measure parameters of cosmology  to 10%. 
We enter the era of precision cosmology.

– Confirms dark energy (!)

WMAP measures the 
CMB radiation density 
field at z=1000

Sloan Digital Sky Survey 
measures the galaxy density 
field at z < 0.3
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A concordance LCDM model

Multi-probe concordance : CMB, + SN, 
clusters, galaxies redshift surveys, Weak 

Lensing, … 

è       Concordance LCDM model with 

Cold Dark Matter 

and  Cosmological constant (or DE)
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What is the Dark Energy?

Cosmological Constant???

New form of « field/
matter? » 
Quintessence?

Unified Dark Matter?

Modified Gravity/
GR ?
- Non minimal 
Couplings?

- Extra-Dimensions?

- Anisotropy/ 
inhomogeneity 
effects?

- Negative energy?

- ….
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What is the Dark Energy?

Cosmological Constant???

New form of « field/
matter? » 
Quintessence?

Unified Dark Matter?

Modified Gravity/
GR ?
- Non minimal 
Couplings?

- Extra-Dimensions?

- Anisotropy/ 
inhomogeneity 
effects?

- Negative energy?

- ….

How to distinguish them?
- equation of state  w(z) = p/r
- structures growth factor
-  ???

w =-1
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Dark Energy from SNe Ia

Conley et al.  Jan 2011

Flat Universe and  
Constant w

SN Ia: still provides best single constraint on EoS to date
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Dark Energy from SNe Ia

   Howell (2010)
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Probing Dark Energy with Supernovae

B.	
  Schmidt,	
  2005Needed	
  Δmag	
  ~	
  0.01	
  !!!
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How to improve DE measurement
 from supernovae

Program: PTF, KAIT, CTF
• Different classes of SNIa, average magnitude may 

depend on environment, redshift … 
• May have impact on  precision cosmological 

parameter determination
• Precision  aim for 1% : many issues need to be solved

High-Z SNe Now and Future
Best studied with SN spectroscopy!
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Young SNe Ia

结果：40余颗超新星，10多个
AGN许多新星以及大量变星
等。
优势：多台设备协同观测（时
间覆盖有优势）

Sky Survey from CTF

Tsinghua-NAOC Transient Survey(TNTS)
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      Spectral Diversity of SNe Ia

Velocity of SiII 6355 

Near-maximum Spectra 
of SNe Ia

Wang et al. 2009, ApJ, 699, L139

Problem：Rv changes，how to 
find out more uniform 
subsample for cosmological 
purpose？
Our findings：blueshift of Si II 
6355 absorption is related to 
photometric properties of SNe Ia 
such as color and/or Rv.

SNe Ia with HV Si II layers
 have redder and/or smaller Rv
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More Uniform Subsmple of SNe Ia

2% 8%

17%

24%

49%

不同光谱型Ia超新星的比例
02cx-like

91T-like

91bg-like

HV

NV

 distance: 9% --> 5-6%
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Radial 
distribution of 
SNe Ia in their 
host galaxies.

VS

And

Two populations of Type Ia SNe Ia 

Implications 1：Accretion model and 
merger model perhaps co-exist for 
SNe Ia.

Wang, X.-F., et al. 
Science , 2013, 340 , 170-173 
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Local Universe

Distant Universe

Impact to Cosmological Parameters：
lHo：73 km s-1 Mpc-1 à  
           70 km s-1 Mpc-1 
lother parameters--> higher  ΩM

Radial Distribution Implications 2：
SNe Ia with higher Si II velocities 
have higher metallicity

Galaxy 
Size

  Impact to Cosmology

HV：
NV=

1：
2

HV：
NV<

 1：
2
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Circumstellar Dust around SNe Ia ?

Na I D: 5890 & 5896 Å

Variable Na I D will help distinguish 
between the SD and DD scenarios of SN 
Ia Progenitors.

The SN Ia sample with high-resolution 
spectra is only 3 due to the limit of the 
telescope and will be greatly enlarged 
with the coming of TMT. 
Chen & Wang, 2013 

Stellar wind from SN Progenitors
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Direct Identification of SN Ia 
Progenitor Systems (TMT AO)

Ruling	
  out	
  a	
  luminous	
  red	
  giant	
  Li	
  et	
  al.	
  2011,	
  nature
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Higher-quality Spectra of 

Riess, et al 
(2007)
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TMT Spectroscopy of  SNe Ia 
from LSST or Space Programs

- Multicolor high S/N 
lightcurves up to z~2

- SN spectral identification 
up to redshifts z~2
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Precision Cosmology from Future SN Survey
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NIR Hubble Diagram of SNe Ia

Wood-Vasey et al. 2008
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Another choice for cosmology: 
Type II-P Supernovae?

SNe IIP: Red Supergiant Progenitor M-S relation for nearby SNe IIP 

σ~0.2 mag (10% in distance)

Tuesday, July 23, 13



Another choice for cosmology: 
Type II-P Supernovae?

SNe IIP: Red Supergiant Progenitor M-S relation for nearby SNe IIP 

σ~0.2 mag (10% in distance)

Tuesday, July 23, 13



• Increasing	
  our	
  physical	
  undertstanding	
  of	
  SN	
  Ia	
  
	
  	
  	
  	
  -­‐high-­‐resolu?on	
  spectra	
  
	
  	
  	
  	
  -­‐high-­‐precision	
  geometry
	
  	
  	
  	
  -­‐deep	
  imaging	
  of	
  stellar	
  environments	
  of	
  nearby	
  SNe	
  Ia
• BeCer	
  classifica?ons	
  of	
  next-­‐genera?on	
  high-­‐z	
  SN	
  Survey	
  
	
  	
  	
  	
  -­‐near-­‐infared	
  spectra
• NIR	
  Hubble	
  diagram	
  of	
  SNe	
  Ia
	
  	
  	
  	
  -­‐	
  H/K-­‐band	
  Discovery	
  and	
  followup	
  observa?ons	
  of	
  hundreds	
  of	
  

SN	
  Ia	
  between	
  0.5<z<1	
  (TMT	
  IRIS)
• SN	
  IIP	
  cosmology	
  at	
  redshiSs	
  beyond	
  SNe	
  Ia

Summary
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