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Discovery of Dark Energy (SCP 1997)
Gerson Goldhaber  reported non-zero Λ  
on 24th in Sep ’97

Omega m  : Density of 
Matter

N : Number of 
Supernova

z:Redshift

m: Observed 
Brightness



SNIa Cosmology Today

Scolnic et al. 2017

1049 SNeIa : w=-1.031 +/- 0.04 (stat + sys) 

Statistical Error = 3.2%  
Systematic Error = 2.4%



SSP Supernova Survey
Nov 2016 - Apr  2017 on COSMOS 
Aug 2017 - Jan 2018 on SXDS

Subaru :  HSC  

HSC Imaging Spectroscopy

SNIa : Dark Energy

Active Galactic Nuclei
Black Hole Science

Shock Break Out / SLSN

ML Selection
100,000 Candidates

100 SN Candidates

10 SN Targets



Hubble Space Telescope(HST) Time is awarded 
Cycle 24-25 (2016-2018) 

First Time for Japanese Institution to win large project 
Infrared Part is Observed by Hubble Space Telescope(HST) 

Optical Part is Observed by Subaru (HSC) 

HST

HSC



HSC discovered 26 SNeIa (1st season) 
observed by Hubble Space Telescope



Credit :  Takahashi, Tominaga, Tanaka, Yasuda + Transient Team



HSC: r2, i2,z  vs HST WFC3 : F105(J), F140(H)

Subaru/HSC (Optical) Hubble Space Telescope (IR)



HSC: r2, i2,z  vs HST WFC3 : F105(J), F140(H)

Subaru/HSC (Optical) Hubble Space Telescope (IR)



HSC: r2, i2,z  vs HST WFC3 : F105(J), F140(H)
17siv : z=1.234 SNIa, 8.57 G light years

10-15% Color Measurement 1-3% Color Measurement

Subaru/HSC (Optical) Hubble Space Telescope (IR)



Bad News: Broken Hatch  SXDS 2017-18 is cancelled 
 Intensive Proposal being submitted : COSMOS Survey Again 

Data will be shared immediately with SSP team 
with 20 half/quarter nights = 10 nights  

• HSC SXDS (Aug ’17 - Jan ’18) : cancelled 

• Hubble Space Telescope Time cannot be rescheduled 

• VLT / GTC time has already allocated

Fixing Hatch : Jun, July  
Mirror Re-alminization : Oct-Dec



Why COSMOS again? 
HSC survey suffered Winter Storm at Mauna Kea 

Ongoing SSP program does reach the depth originally planned (80%) 
We will share our data immediately with SSP/HSC team



Hyper-Suprime Cam Supernova Survey 
Supernova Observations 1990-2015 

Subaru          HST             Keck             VLT   

HSC Observation

• Since its discovery in 
1997, nearly 1000 
supernovae are observed 
for dark energy 

• Subaru Telescope 
(Hawaii)  deployed the 
largest digital camera 
named Hyper Supreme 
Cam (HSC) 

• We aim to observe the 
most distant supernovae 
with HSC and Hubble 
Space Telescope



Hyper-Suprime Cam Supernova Survey 
Season I : Nov ’16 - Apr ‘17 

• We successfully observed 
more than 300 
supernovae candidates 

• Best Supernovae are 
selected through machine 
learning from 60,000 
potential detections 

• Large Telescopes and 
Space Telescope are 
conducting follow-up 
observations for HSC 
discovered supernovae

Subaru          HST             Keck             VLT   

HSC Observation



Number Estimates  
before and after mirror realminization

After Before
We aim to have higher redshift (1.2< z < 1.4) 
1 hour Exp on i-band, 3 hour Exp on z-band / Epoch



6 nights were lost: 

4 nights : Weather 
2 nights : Technical Problem

Dec 2017 : Resuming HSC 



Jan 9th 
2.7” seeing

Keck LRIS Run Jan 14 & 15

Jan 2018 :  Jan 9 =2.7”, Jan 12=1.4” Seeing 



Reference



Jan 12th 2018  New Image



Jan 12th 2018 Subtracted Image



4 Supernovae 
in One LRIS Mask!

HSC Jan 9th 12th
Keck/LRIS Jan 14th 15th 



Hyper-Suprime Cam Supernova Survey 
Season II : Nov ’17 - May ‘18 

• For Season II, we aim to 
double the number of 
supernovae 

• We aim to triple the 
exposure time and survey 
deeper space 

• Large Telescope (Keck, 
VLT, Gemini and Hubble 
Space Telescope) in the 
world will follow-up our 
Supernovae

Subaru          HST             Keck             VLT   

HSC Observation



Hyper-Suprime Cam Supernova Survey 
Season III : 2018-19 Spectroscopic Follow-up 

• We will need spectra of 
supernova host galaxies 
for precise measurement 
of the distances 

• Subaru Telescope 
deploys a new instrument 
called PFS, it will tighten 
the measurement of 
distances 

• We continue to work 
with large telescopes for 
spectroscopic follow-up

Subaru          HST             Keck             VLT   

HSC Observation



Spectroscopic Follow-up  
(Live Supernova & Host Galaxy)

• Spectroscopic Follow-up by AAT Omega (2deg) 
with 400 fibers 

• Keck, Gemini, VLT, GTC, Subaru/FOCAS

Subaru AAT Omega AAT Data from C. Lidman

WFIRST Subaru PFS



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

Year 2015

HSC Survey + HST 2020
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Spectroscopic Follow-up in Jan and Feb 

• HSC :Dec 14, 19, 25  Jan 10, 13, 21, Feb 18,  20 

• Keck/LRIS (20 slits): Jan 14, 15, Feb 12, 18 

• AAT Omega (4m 400 fibers): Feb 8, 9, 10, 11 

• Subaru/FOCAS : Feb 25 (Feb 24 for SLSN)

AAT Omega HST             Keck             VLT         Subaru



Summary

• Deepest Transient Survey (i=26.3 z=26.3) 

• Deepest Ground Based Data 

• Equivalent of WFIRST Depth 

• Expect to have 46 SNe with HST 

• FOCAS, Keck, Gemini, AAT, VLT, GTC 
follow-up 

• Data will be shared with SSP Team



Back up Slides



HSC Transient Sciences 
Common Interest: How to find Transients? 
Transients : Time Variable Objects  
Supernova, Variable Star, Active Galaxy, Asteroids

Observation Image Processing Processed Image
Image Comparison through Machine Learning 

CREST collaboration : NTT, ISM, Tsukuba Univ

Old New Sub Old New Sub

Bogus vs Real = 100,000:100 SupernovaBogus


