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Outline

• Subaru/Hyper Suprime-Cam

• Japanese collaboration for Gravitational wave 
ElectroMagnetic follow-up (J-GEM)

• J-GEM follow-up observations of GW alerts
• GW150914

• GW151226 (incl. HSC observations)

• Contaminations in 24mag observations

Morokuma, …, NT et al. 2016 PASJ 68 L9
Yoshida, Utsumi, NT et al. 2017 PASJ 69 9
Utsumi, NT et al. in prep.



Subaru/Hyper Suprime Cam
• Hyper Suprime-Cam (HSC)

• Diameter: 8.2m, FoV: 1.77deg2, ~900M pixels

• mlim (5s) w/ 1min: 24.5(i), 23.8(z)
(CTIO/DECam 1min: 23.3(i), 22.5(z))

HSC
1.5deg

Suprime-Cam

HST/WFC



Etendue of telescopes/cameras
W

Rau+09



Japanese collaboration for 
Gravitational wave ElectroMagnetic

follow-up (J-GEM)





Telescopes/Cameras in J-GEM

Morokuma + 16

(1) Optical, (2) Optical wide-field(>1deg2), (3) NIR, and (4) Radio



3 wide-field cameras

• Kiso/KWFC (North)
• 1.05m/4.3deg2

• MOA-II/MOA-Cam (South)
• 1.8m/2.2deg2

• Subaru/HSC (North)
• 8.2m/1.77deg2

 Tomo-e (CMOS, 20deg2, in 2018)



Survey power in optical/NIR
[under construction]



J-GEM
follow-up observations 

of GW alerts



First detection: GW150914
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“J-GEM follow-up observations to search for an 
optical counterpart of the first gravitational wave 

source GW150914”
PASJ, 68, L9 (2016)

Morokuma, T., Tanaka, M., Asakura, Y., …, NT et al.



J-GEM follow-ups of GW150914
• Kiso/KWFC (North) • B&C/Tripole5 (South)

Morokuma, …, NT + 16

tobs=4.4 days
Wide-field

(24deg2, i~19) 
survey

tobs=6.3-12 days
observation 
of targeted

nearby 18 gals.

No new transients were found.



Subaru/HSC was not available

HSC is only available at >+21days after GW150914.
The visibility of GW150914 from Mauna Kea was poor.

GW150914
Alert

HSC observing run



Second detection: GW151226
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BHs merged at 440+180
-190Mpc



“J-GEM follow-up observations of the 
gravitational wave source GW151226”

PASJ, 69, 9 (2017)

Yoshida, M., Utsumi, Y., NT, et al.



J-GEM nearby galaxies observation
Nayuta/MINT, Kanata/HONIR, OAO91cm/OAO-WFC, 
TIT-OAO50cm/MITSuME, IRSF/SIRIUS

Yoshida, Utsumi, NT + 17 



Observed galaxies

239 independent galaxies at <100Mpc
Limiting magnitudes are 
~17-19mag
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Yoshida, Utsumi, NT + 17 



Wide-field survey

Kiso/KWFC

MOA-II/MOA-Cam

Subaru/HSC

HSC    63.5deg2 (prob. 9%, i~24.3, z~23.6)
KWFC 779deg2 (prob. 10%, r~19)
MOA 145deg2 (prob. 11%, Red~18)

30% of probability-weighted regions 
are covered by J-GEM.

Yoshida, Utsumi, NT + 17 



Schedule of Subaru telescope

GW151226

HSC observing run



Observation summary -Subaru/HSC-
• Date: Jan 7 (+12days), 13, and Feb 6, 2016 (half nights)

• Filter: i, z ~50sec exp. (34sec overhead)

• Survey fields: 50 pointing ~ 60deg2

• Limiting magnitude: i~24.3 and z~23.6

Galactic plane

Yoshida, Utsumi, NT + 17 



Candidate detection
• Reference frame: Feb 6, 2016

• Science frames: Jan 7, 13, 2016

• Detection criteria to exclude 
bogus and cosmic rays
• Significance

• |S/N(PSF)| > 5 in the difference images
• S/N(1.5”) > 5 in the pre-differenced image

• Shape
• Elongation/ElongationPSF > 0.8
• 0.8 < FWHM/FWHMPSF < 1.3
• PSF subtracted residual < 3 sigma in the difference 

image

• Number of detection
• >=2 detections 



• Color-magnitude diagram in difference magnitudes

Candidates from Subaru/HSC

SNIa z=0.1, 0.2, 0.3
SNIIP z=0.05, 0.1, 0.15
SNIbc z=0.05, 0.1, 0.15

NS-BH
(100Mpc)

NS-NS
(100Mpc)

5days

9days

5days

9days

We could not find any kilonova-like objects.

Yoshida, Utsumi, NT + 17 
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If GW151226 was a nearby NS-NS 
or BH-NS merger,

Subaru/HSC

PS1

J-GEM untargeted survey
J-GEM nearby galaxy obs.

NS+NS 50Mpc

100Mpc

100Mpc

200Mpc

BH+NS
50Mpc



“A Challenge to the Optical Counterpart of the
Gravitational Wave with Hyper Suprime-Cam:

GW151226”
in preparation

Utsumi, Y., NT, Tanaka, M., et al.



Summary
• Subaru/HSC is the best instrument for optical wide-

field follow-up observation (24mag, ~60deg2, half 
night, 2color) but unfortunately not always available. 

• J-GEM follow-up observations were performed for 
GW150914 and GW151226. Especially, GW151226 
was followed by Subaru/HSC.

• Majority of contaminations in 24mag images are 
supernovae, Galactic variable stars, and AGNs.

• Time variability, color evolution, association with a 
nearby galaxy, and properties of a object in the 
reference are keys to identify kilonovae from other 
transients.


