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20 Years of Accelerating Universe 
Perlmutter et al 1999 with 42 Supernovae

Calan/Tololo  1990-1993 : 18 SNe

SCP  1992-1997 : 42 SNe



Jim Gunn Sensei’s Greatest Mistake 
at Kyoto Prize Workshop Nov 13th 2019 

But it inspired AP Test and Λ universe studies

Tinsley predicted Λ universe in 1975

Gunn & Tinsley 1975 (Nature, 257, 454)

• Einstein’s Cosmological Constant : 
Kosmologische Betrachtungen zur allgemeinen 
Relativätstheorie (1917) : 100 Years!!! 

• Gunn & Tinsley 1975 : Accelerating Universe 

• Perlmutter et al 1997 : No Λ 



A Brief History of Dark Energy 
Hints of Dark Energy

• Zeldovich 1967  : 50 Years!!! 

Vacuum Energy could be responsible for cosmological 
constant 

• Tinsley (1978) : Revisited  

• Alcock Paczynski Test (1979) 

• Galaxy Number Counts (1985-95) 

• Globular Cluster Age, Galaxy Chemical Evolution 
(IAU meeting in Kyoto, 1997 Summer) 

• Concordance Model (‘90s) 

• Accurate Baryon Density measurement from Keck D/H
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The Beginning   
32 Years since 1987A : Feb 23rd 1987









Rise of Type Ia Supernova Cosmology

1910-1995

Phillips Relation (1993) 
Brightness is Constant

Chandrasekah Mass Limit
Type Ia Supernova 
always explodes at 

1.4 Solar Mass
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Supernova Cosmology Project:  
SNIa +HST+Large Telescopes with CCDs 

Phillips (’93), HST(’90), Keck (’92) , 
 VLT & Subaru (’98)

 Saul Perlmutter





No Λ with 7 SNe  
(based on SNe discovered in 1992, 93, 1994 publication 1997)









Discovery of Dark Energy (SCP 1997)

Omega m  : Density of 
Matter

N : Number of 
Supernova

z:Redshift

m: Observed 
Brightness

Gerson Goldhaber reported non-zero Λ  
September 24th in 1997 : 20 Years ago!!!



Discovery of Dark Energy (SCP 1997)

Gerson Goldhaber  
Λ is needed！ 
1997  Sep 24th

Einsteins Equation 

z:Redshift

m: Observed 
Brightness

Observed magnitude (Brightness)
 is a function of cosmological model

Note: Omega Lambda does not depend on H0

Hubble Constant



High-z Team :  Fall 1997   
Adam Riess, Brian Schmidt et al. 



42 Supernovae by 1997 
SCP vs High-Z team 

Zero Λ is getting excluded



Supernova Survey 2000-2010 
Era of Large Survey

• ESSENCE 

• SNLS (SuperNova Legacy Survey) 

• SDSS-II 

• Compilation of  Different Surveys 

• Development of Better Templates (SALT2) 

• Rise of Systematic Errors

























SNIa Cosmology Today

Scolnic et al. 2017

PS 1049 SNeIa : w=-1.031 +/- 0.04 (stat + sys) 
DES 207 New SNeIa 

 

Stat = 3.2%  
Sys = 2.4%

DES collab 2018

DES : 207 New SNIa



HSC SNIa Cosmology Program
Subaru HSC Discovery Hubble Space Telescope

Spectrum
Gemini

GTC

VLT

Keck

Spectroscopic Follow-up International Team 

Visible Wavelength Image Infrared Wavelength Image
HSC17aqzh HSC17aqzh

ML Classification & 
Human Check & Trigger

z=1.315

9.07billion lys

HSC Observation

2015

2018

300 New High-z SNeIa

Cycle 24 & 25



Hubble Space Telescope reduces the scatter dramatically 
and enhances Figure of Merit 

With HST, HSC SNIa Cosmology becomes very strong!

Uncertainty in Color  
Scatter in Hubble Diagram 

Blue : HSC only 
Red : HSC+HST

w/ or w/o HSC+HST

FoM can be increased

3% Error x 2 (beta)/ sqrt(49 SNe) x 0.461=0.4% Stat Error
Redshift

Color Error

Nicolas Renault (LPNHE)



Figure of Merit (FoM) 
Final FoM=58 (1% calibration Error), FoM=80 (0.5%) 

WR : weather recovery, DES: Dark Energy Survey WFC3=HST 
JLA : Current SNIa Compilation,  N300: Low-z SNIa

Our Program

Our Competitor DES



SNIa Light Curve & Our HST Strategy 
Non Disruptive ToO :  

Deadline Every Wednesday (5pm EST) 2wks  Prior to HST Ops

HSC Discovery & Classification : 2wks

Keck/VLT/Subaru/GTC Spec Followup 
1-2 wks

Hubble Space Telescope Obs

Hubble Space Telescope : Que



Spectroscopic Follow-up 
Typing and Redshifting by Host Galaxies 
Filler Redshifts/Data would contributes to  

COSMOS, PFS projects, High-z Science, AGN

17kte 
SNIa

17qod 
SNIa

16atc 
SNII-P

17cwud 
z=1.23

16roo 
z=1.25

17ctzk 
z=1.08

26 HST Triggered SNe





HSC discovered 26 SNeIa  
observed by Hubble Space Telescope













Why more accuracy?

Hubble Tension
Real or Bogus?

Freedman et al 2019

Proton Radius is reduced by 5 % in the last 4 years



Hyper-Suprime Cam (HSC) Supernova Survey 
Most Precise Measurement on Dark Energy in 2020

Year 2015

HSC Survey + HST 2020
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Thank you all! 
• Global Calibration Method & Calibration work is 

ongoing by LPNHE & Eli Rykoff 

•  Operators, Support Astronomers! 

• Schedulers, Pyo san & Masayuki Tanaka san! 

• Subaru Staff, International Collaborators 

• Remote Observation Staff 

• All members of Subaru Telescope 

• Transient Team’s Hard work!
AAT Omega HST         Keck        VLT      Subaru       Gemini

GTC


