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Subaru telescope
Wide-field capability
Imaging: Hyper Suprime-Cam
Spectroscopy: 'Ōnohi'ula Prime Focus Spectrograph

Deep observation with multi-instruments
Optical imaging/spectroscopy
NIR imaging/spectroscopy



Multi-messenger signals
- requiring wide-field capabilty
• Gravitational waves    

~5-100deg2
• High-E neutrinos  

~1deg2

LIGO+17 IceCube+18



Subaru/Hyper Suprime-Cam

HSC blog (Feb 2013) 

• Aperture: 8.2m, FoV: 1.77deg2, ~900M pixels
• Lim. mag.(1min, 5): 24.5(i), 23.8(z)
                       (DECam 1min: 23.3(i), 22.5(z))

HSC
1.5deg
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Subaru 'Ōnohi'ula Prime Focus 
Spectrograph

• 8m telescope
• FoV: 1.38deg2
• Fibers: ~2400
• Spectral coverage: 380-1260nm
• Lim.Mag.: 21.5mag (1hr)



GW: Wide wavelength coverage

Domoto+23

PFS

Y?



GW: Kilonova yields 
vs. r-process pattern

Fujibayashi+23

Sr, Y

La, Ce



High-E : Redshift determination

Takada+14

Passive
Star forming

Without NIR arm

With NIR arm



High-E : redshift distribution and 
classification of counterparts 

Yoshida+22

Single detection

Multiple detection

IceCube+17
CCSN

AGN

Bartos+21

Multiple origins?



GW170817 
with HSC and MOIRCS

Utsumi, Tanaka, NT+ 2017, PASJ, 69, 101
NT+ 2018, PASJ, 70, 28



GW170817: HSC z-band follow-up

~24deg2

~57% prob.

NT+18



J-GEM17btc (SSS17a/DLT17ck/AT2017gfo)
The most likely and distinguished candidate in the prob. region.

NT+18; Utsumi, Tanaka, NT+17

HSC z
IRSF H
IRSF Ks

Only HSC and DECam 
(Soares-Santos+17) evidence 
the uniqueness of the 
counterpart.



LIGO-Virgo O3 run
Ohgami, NT+ 2021, PASJ, 73, 350
Ohgami, NT+ 2023, ApJ, 947, 9



S190510g
• BNS→ Terrestrial 

Ohgami, NT+21

11.6% 1.2%

Y-band, 118.8deg2

Start obs.
1.7hr after
the alert



In O3: fast and deep follow-up was 
realized

Ohgami, NT+21



GW200224_222234
BBH

• Deep and (almost) 
complete follow-up 
was realized.

Ohgami, NT+23

56.6deg2, 91%



Spectroscopy of host galaxies of 5 
candidates with GTC/OSIRIS

No firm counterpart was found.



Subaru/HSC is deep enough in O5

Ohgami, NT+21



LIGO-Virgo-KAGRA O4 run
Zhang, Kokubo, MacBride, McMahon, Utsumi, NT et al. submitted 
arXiv:2508.00291

Haibin Zhang



S250328ae
BBH



Subaru schedule

First PFS science run

Current latency 
is ~1.5 days.



GCN circulars – follow-up

• 39934: DECam DESGW Candidates (Epoch 1)
• 90% prob., 20 candidates (8 AGN?, 8 SN, 3 unknown, 1 

AGN)
• 39972: Swift XRT observations, 34 possible X-ray 

sources
• 68% prob.,

• 39992: DECam DESGW Candidates (Epoch 2)
• 90% prob., 25 candidates (15 AGN, 10 SN), No X-ray 

sources
• 40221: Subaru/PFS Spectroscopic Follow up and 

Candidates
• 40455: DECam DESGW Candidates (Final Epochs)



Our priorities

• Priority 0: transients in the two vetted GCN lists (39934 
and 39992);

• Priority 1: transients detected on both days;
• Priority 2: transients detected on only one day (March 29 

or 30);
• Priority 3: Swift X-ray sources (GCN 39972)
• Priority 4: galaxies from GLADE+;
• Priority 5: galaxies from PS1-STRM with photo-z errors 

<0.05;
• Priority 6: galaxies from PS1-STRM with photo-z errors of 

0.05-0.1;
• Priority 7: galaxies from PS1-STRM with photo-z errors of 

0.1-0.2.



Survey fields >50% probability region
~4000 targets are observed.

Zhang+ submitted



Data analysis
• Quick look data is available just after the 

exposure. → GCN circular
• Science ready data will be available in several 

months. 



Example of spectra



Classification

Zhang+25
(GCN 40221)



Improvements of Subaru operation
-Available from S27A (Feb 2027)

• Rare ToO (<= 5nights, <= 3years)
• For targets below a certain event-rate threshold

• Current threshold of occurrence rate is < 10/sky/yr, 
corresponding to 0.5 trigger/semester.

• Accept proposals above a TAC-defined threshold for 
each semester.

• Indicative cap on total rare ToO nights (~100 nights)

• Intensive ToO (5-40nights, <= 3years)
• Typically 0-2 accepted proposals in each semester 



Summary
• Subaru is the most suitable telescope for follow-ups of 

multi-messenger sources.
• Wide-field imager: Hyper Suprime-Cam (HSC)
• Wide-field multi-fiber spectrograph: 'Ōnohi'ula Prime Focus 

Spectrograph (PFS)
• Optical/infrared imaging/spectroscopy

• Hyper Suprime-Cam
• GW170817: Uniqueness of AT2017gfo 
• S190510g: Low latency, started at ~1.7hr after the alert
• GW20024_222234: 91% of probability area is covered with the 

depth of r<25

• 'Ōnohi'ula Prime Focus Spectrograph 
• BBH S250328ae: Spectra of ~4000 objects are taken in 0.5 night.
• Latency: ~1.5 days after trigger (to be improved)

• New ToO schemes (Rare ToO, intensive ToO) are now 
available.
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