
Time Domain Cosmology with TMT 
Nao Suzuki (Kavli IPMU, Univ of Tokyo)

• Fast Radio Burst as a Cosmological Probe 

• Gravitational Wave as a Distance Indicator 

• SNIa Cosmology in 2020s 

• Gravitationally Lensed SNIa 

• Lensed Quasar on Double Source Plane  

• IGM Tomography and Sandage Test



Δt=0.001s : Fast Radio Burst (FRB)

• Lorimir et al (2007) reports “A Bright Millisecond 
Radio Burst of Extragalactic Origin”

Science Nov 2007: 
Vol. 318, Issue 5851, 777
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DM : Dispersion Measure

• Dispersion Measure

http://www.cv.nrao.edu/course/astr534/Pulsars.html

ISM Refractive Index

Dispersion Delay t

Plasma Frequency

DM :Dispersion Measure 

http://www.cv.nrao.edu/course/astr534/Pulsars.html


Identity of FRB
“Fast Radio Burst may originate from nearby 
flaring stars”  Loeb et al (2014)
“Identifying the source of perytons at the 
Parkes radio telescope”  Petrol et al (2015)
“A Fast Radio Burst Host”  Keane et al (Feb 
2016) reports FRB 150418 is at z=0.492 
“No Precise Localization for FRB 150418: 
Claimed Radio Transient is AGN Variability” 
P. K. G. Williams, E. Berger (Mar 2016)  
“A Repeating Fast Radio Burst”  Spitler et al 
et al (Mar 2016) : Extragalactic Neutron Star



Distances & Reionization 
TMT is needed to find the ID & redshift z

http://news.wisc.edu

“Constraining the CMB Optical Depth 
through the Cosmological Radio Transients”  
Fialkov & Loeb (2016)

10,000 FRBs / Day !?!?

http://news.wisc.edu


Gravitational Wave : Standard Siren 
GW measures Distances
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Holz & Hugh (2005)

f(t) : Wave Frequency 
Φ(t): Phase 
DL : Luminosity Distance



Gravitational Wave : Standard Siren 
EM Follow-up

NS-NS at 75Mpc Light Curve 
(Kasliwal et al 2016)

ZTF (Zwicky Transient Facility) will do an excellent 
Follow-up for NS-NS case but for BH-BH case 
we will need Subaru/HSC + LSST + TMT 



SNIa Cosmology in 2020s
With TMT, we will need to see 
the progenitor and companion of 
SNIa
In 2020s, we will need High 
Quality Data from TMT  
not Quantity



SNIa 5σ Events for TMT 
Gravitationally Lensed SNIa

• SNIa : Great Advantage of 
having luminosity estimate 
to test lens models 

• TMT AO is needed to 
resolve lensed point 
sources and good 
photometry 

•  Lensed SNIa : PS1-10afx 
is identified by Quimby et 
al but was not resolved

SN Rafsdel z=1.49 
Lensing Galaxy : z=0.54



Discovering First Star Explosion 
Holy Grail of Modern Cosmology : Origins of Elements

• First Star is believed to be a massive star and 
exploded at very early stage of the universe 

• Subaru/HSC + LSST + TMT can do it!



Lensed Quasar 5σ Events for TMT 
Double Source Plane Lens

Thomas Collett et al 2014 

E. V. Linder 1605.04910

SLACS 
J0946+1006
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Voit 2005), provided that the mass-observable relations
are well calibrated. Full exploitation of the more distant
clusters requires deep space-based observations. As a re-
sult, mass-observable relations have been studied in far
fewer clusters at z > 1 relative to low redshift clusters. In
a 219 orbit program (Program number 10496, PI: Perl-
mutter) to search for supernovae (SNe) with the Hubble
Space Telescope (HST), we observed 25 of the highest
redshift galaxy clusters known at the time (Dawson et al.
2009). These images support a rich program of clus-
ter studies including the calibration of mass proxies at
z > 1. One particular cluster from this program, se-
lected from the Wide Angle ROSAT Pointed Survey,
WARPS J1415.1+3612 at z = 1.026 (Perlman et al.
2002), has already been studied in X-ray (Maughan et al.
2006; Allen et al. 2008) and SZ (Muchovej et al. 2007)
observations. We now have deep images from the Ad-
vance Camera for Surveys (ACS) and spectroscopy from
the Faint Object Camera and Spectrograph (FOCAS:
Kashikawa et al. 2002) on Subaru that eveal a pro-
nounced strong lensing arc of a source Lyα emitting
galaxy at z = 3.90. The new data from this program
combined with previous and ongoing measurements en-
able a multi-probe analysis of the cluster mass-observable
relation for this high redshift cluster.

Here we present an analysis of the strong lensing and
dynamical mass of WARPS J1415.1+3612. The letter is
organized as follows: we describe the observations and
data in §2, mass estimates are derived and compared in
§3, and the summary is found in §4. Throughout this
letter we use AB magnitudes and assume a cosmology
with ΩM = 0.3, ΩΛ = 0.7, and h = 0.7.

2. OBSERVATIONS

2.1. ACS Images

WARPS J1415.1+3612 was observed 7 times with ACS
from November 2005 through April 2006 for a total inte-
gration of 2425 seconds in the F775W filter and 9920
seconds in the F850LP filter, hereafter i775 and z850.
Individual exposures were coadded using MultiDrizzle
(Fruchter & Hook 2002) at a resolution of 0.05′′/pixel.
We use 25.678 and 24.867 as zeropoints for i775 and z850
respectively (Sirianni et al. 2005).

The deep ACS images revealed a complex strong lens-
ing system near the cluster core. The composite color
image from the i775 and z850 data is shown in Figure 1.
The arc system consists of at least five images. The
main arc (A) is 6.75′′ (54.4 kpc at the cluster redshift)
from the center of the cluster, which we take to be the
position of the brightest cluster galaxy (BCG). To the
SW of the main arc, there is a triplet of arcs (B, C and
D) around a spectroscopically confirmed cluster member
(#13). About 5′′ south of the triplet, there is a fifth
arc (E). The total i775 isophotal magnitudes for the arcs
A - E are 23.44, 25.75, 25.46, 25.13 and 25.62, respec-
tively. We use the i775 magnitudes because they suffer
less contamination than the z850 magnitudes from the
much redder elliptical cluster members. The magnitudes
for the arcs B, C and D are obtained after the lensing
galaxy has been subtracted using the b-spline model of
Bolton et al. (2006). These five images lie very close to
an imaginary arc centered on the BCG that subtends
slightly more than 90◦. The radius of the Einstein ring

for the cluster potential is taken to be the average of the
two circles mentioned in Figure 1, 7.13± 0.38′′. The un-
certainty in the radius is determined from the difference
between the two circles and the average.

The B band luminosity for this cluster is estimated by
summing up light from all the galaxies within approxi-
mately 1 Mpc of the BCG and then subtracting a back-
ground we estimate from the GOODS (Giavalisco et al.
2004) images. We apply a K-correction to transform
z850 to restframe B magnitude. The total luminosity is
determined to be LB = 2.92 ± 0.88 × 1012LB⊙.
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Fig. 1.— Top: Central Region of WARPS J1415.1+3612. Strong
lensing arcs are labeled “A”-“E” and cluster galaxies of interest are
labeled “#13” and “#15”. The radius of the Einstein ring is taken
to be the average of the radii of two imaginary circles (not shown),
both centered on the BCG. The first circle with radius 6.75′′ passes
through the center of arc A and the second, with radius 7.51′′,
passes through cluster member #13 (the lensing galaxy). F and G
are discussed in the text. Bottom: The panel on the left shows
smoothed spectra of arc A; the triplet B, C and D; and arc E. Zero
flux is shown as the horizontal dotted lines. The diamonds with
error bars are the average values of flux in 500 Å bins. The differ-
ences between the averages of the flux for wavelengths longer and
shorter than the peak for arcs A and E (dashed lines) indicates the
detection of discontinuity around the emission feature. The panel
on the right shows the same spectra smoothed to the spectrograph
resolution (FWHM=600 km s−1) and resampled by 200 km s−1

pixel in the log linear scale.

WARPS J1415.1+3612 : z=1.026

Cluster Mass Profile : NFW

Spectroscopic Follow-up

Lensed Galaxy 5σ Events for TMT 
Galaxy Lensed Twice 

Huag et al 2009



Direct Measurement of Expansion 
Sandage-Loeb Test with IGM : t=10 years

Δv=3cm/10 years 
TMT can do it!

Lyman α Forest in QSO



TMT Key Science! 
Let’s go after 5σ Events and Direct Measurement! 

Time Domain Cosmology Key Project must have the followings

• Fast Radio Burst as a Cosmological Probe 

• Gravitational Wave as a Distance Indicator 

• SNIa in 2020s / First Star 

• Gravitationally Lensed SNIa 

• Lensed Quasar on Double Source Plane  

• IGM Tomography and Sandage Test


