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 1n 2020s
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At=0.001s : Fast Radio Burst (FRB)

» Lormmuir et al (2007) reports “A Bright Millisecond
Radio Burst of Extragalactic Origin™

Identified 1n Archival
Survey : Data 1s taken
on Aug 24 2001
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DM : Dispersion Measure
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[dentity of FRB

“Fast Radio Burst may originate from nearby
flaring stars” Loeb et al (2014)

“Identitying the source of perytons at the
Parkes radio telescope” Petrol et al (2015)

' . “ATast Radio Burst Host” Keane et al (Feb
...[+5 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)

Ve “A Repeating Fast Radio Burst” Spitler et al
A et al (Mar 2016) : Extragalactic Neutron Star




Distances & Reilonization
TMT 1s needed to find the ID & redshift z

“Constraining the CMB Optical Depth

through the Cosmological Radio Transients™
Fialkov & Loeb (2016)

http://news.wisc.edu 10,000 FRBs / Day 12177
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FIG. 2.— 7 as a function of the DM in a fully ionized IGM. For a
transient at redshift zppp the horizontal and vertical dotted lines
mark 7(zprp) and the DM of the transient respectively.
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Gravitational Wave : Standard Siren
GW measures Distances
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Gravitational Wave : Standard Siren
EM Follow-up

NS-NS at 75Mpc Light Curve
(Kasliwal et al 2016)
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Figure ). Prediond optical cosnnerpan based on free nevtron decay ( ) Bk lines are g band and rod hoes e 1 Dand light
Curves i 75 Mpc (sensiivity it of advanced LIGO 3 binary sestron ssar menpers in O1) . The three curves assumne Bree different valwes for
OPaciy annd BOVINON Ihass 90 pepresent the fast, incemediste and slow light curve evolution cases Le. (s, = 30 om®pm ' My = 3107 M)
(%, = Jom gm ™" M, = 3007 M) (» Jom gm ' M, = 3007 M) Note thee g-dand Is more leminoss at peak det docays fasier
Honlzoosadl dashed Roe denoses the seastivity of IPTF n 60 5. Vertical deshed line denotes the timescalie within which follow-wp is undenakes
by the GROWTH program

Figere 2. Keck IVDEIMOS chawification spectra of cight iFTF candidates obtsined within 2 houns of discovery. Also shown, from left to right,
the P4 discovery image, reference image, sebaraction image and SDSS thembeadl arcund each candidate location. Colors denose spectroscope
clasa: SN Ia (rod), SN 11 (bluc), Nuclear (purple), SLSN | (green). Overplotiod in gray lines is the beat mutch from a supernova spectra libeary
(SN1996X for IPTF]Scyo, SN200400 for aPTV Scys, SN1999M for (FTF] Soym, SN20Odet for IPTF1Sovg). Addmonal follow-up data was
nooded 1o classify IPTF 150yk as a SLSN | (see Figure °)

/TF (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




[ S0e: MIONZ.1 (2012, 590 StHe) With TMT, we will need to see

g L* BAO: SDSS—LRG (2010)

| o e i) the progenitor and companion of
e il SNia

SNla: DES (2012-)

peguanenell  [n 2020s, we will need High

BAO: PFS (2017-)

TR Quality Data from TMT
not Quantity
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® UNIONZ Compilation : 557 SNe

SNla: WFIRST
s BAO: WFIRST
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® HST Cluster SN Survey

O SNLS Byr ~500 SNe :02 < z «
SDSS Syr ~500 SNe 005 < z «
DES Deep ~1000 SNe : 0.1 < z «
DES Wide ~2000 SNe : 0.1 < z < 1

Hyper SuprimeCam ~400 SNe : 0.2

Redshift z
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SNIa 5S¢ Events for TMT
Grav1tat10na11y Lensed SNIa

- TMT AO 1s needed to
resolve lensed point
SOUrces and good

.SN Rafsdel z=1 49. " " & - SNIa: Great Advantage of
Lensmg Gaiajxy 7= =) 54, -  having luminosity estimate
- Ak e W to test lens models
o . : .




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

Pair-Instability Supernova vs. Core-Collapse (Type II) Supernova

"20:Solar-mass star
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® First Star 1s believed to be a massive star and
exploded at very early stage of the universe

e Subaru/HSC + LSST + TMT can do it!




[Lensed Quasar 56 Events for TMT
Double Source Plane Lens

E. V. Linder 1605.04910

Strong Lensing
150 time delay @ 5%

96 double source @ 1%

Thomas Collett et al 2014

— B+D,,+CMB (FOM=156)
D, +CMB (FOM=109)

-~ B+D, +CMB+SN (FOM=227)
. g s y |

\ FIG. 3. Cosmological parameter estimation uncertainty is
plotted in the dark energy equation of state plane for the
case of strong lensing time delays (dotted curve), time de-
lays plus double source plane strong lensing (solid), and the
two strong lensing probes plus supernova distances (dashed).
DSPL brings significant complementarity.




Lensed Galaxy 5o Events for TMT
Galaxy Lensed Twice
Huag et al 2009

WARPS J1415.1+3612 : z=1.026  Spectroscopic Follow-up
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Direct Measurement of Expansion
Sandage-Loeb Test with IGM : t=10 years

DIRECT MEASUREMENT OF COSMOLOGICAL PARAMETERS FROM THE COSMIC DECELERATION
OF EXTRAGALACTIC OBJECTS

ABRAHAM LOEB
Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138
Received 1998 February 10; accepted 1998 April 1; published 1998 May 4
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Lyman o Forest in ON10,



TMT Key Science!

Let’s go after 5o 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 1in 2020s / First Star @ .
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