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. How do we DISCOVER cosmic fireworks?
Il. After discovery, how do we CHARACTERIZE cosmic fireworks?
Ill. After characterization, what do we LEARN from cosmic fireworks?
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Palomar Observatory
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/wicky Transient Facility
(Pl Prof. Shri Kulkarni)
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=) Adapted from Laher et al. 2017
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Learning subtraction all over again

Fully automated data science challenge.
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Celestial Cinematography
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Unveiling the Dynamic Infrared Sky

Infrared Light

ible Light

Vis
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. How do we DISCOVER cosmic fireworks?
Il. After discovery, how do we CHARACTERIZE cosmic fireworks?
IIl. After characterization, what do we LEARN from cosmic fireworks?
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Sweden .

Global Relay
of Observatories
Watching Transients Happen

GRGWTH

Global Relay of Observatories Watching Transients Happen

Caltech
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Total Number of SNe: 4859 | la: 3016 | 11: 11151 Ib: 115 | Ic: 1191 Ib/c: 20 | lc-BL: 43 | SLSNe: 156

137 Scientists

Welcome, Mansi
view source Currently Displaying For customize

All Your Science Programs

37 Telescopes

cone search newsfeed )
38 Science Programs

Transient Advocate: n/a
next runs

Kishalay De classified PGIRN20evq 1
PGIRNB06vo 28 NoType 100,000 events/night
2020-10-10 DCT+Deveny+LMI
2020-10-14 IRTF+SpeX

view report "

Kishalay De classified PGIRN20evp

view spectra "Orion_V" 5603 Supernovae to date
Today's toO runs

Daniel Perley set the redshift of ZTF20acgigfo
to 0.00017

at an observing run Ne RO BRI RCH 182 Refereed Journal
) ido irani uploaded Swift photometry to Bamy P60 schedule PaperS |n 5 years

ZTF20acfdmex

scan for candidates i De uploaded Gattini photometry to Vi q
» and 707 other targets most viewe 1 i
W i 8236 citations

A Dynamic Collaborative Platform

Kishalay De uploaded Gattini photometry to
add source PGIRN20dpz and 380 other targets SN la 02cx-

sper: Good 1
276 views ignal f h N d ex 42
ido irani uploaded Swift photometry to ut 17

ZTF20acedqis ZTF20acedqis
262 views triggering NOT

Kasliwal et al. 2019a
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Spectrum is Truth
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. How do we DISCOVER cosmic fireworks?
Il. After discovery, how do we CHARACTERIZE cosmic fireworks?
Ill. After characterization, what do we LEARN from cosmic fireworks?
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Life Cycle of a Star Fagrz
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Red Giant

Planetary Nebula

Small Star White Dwarf

Red Supergiant

Large Star

Stellar Cloud
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White Dwart Merger Products
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Palomar Gattini IR light curves suggest 149 new R Cor Bor candidates
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White Dwart Explosions
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Discoveries by Palomar Gattini IR CaA
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(Grad, 5t Year)
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PGIR has more than doubled the discovery rate of novae!
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Spectrum is Truth
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Where are the classical novae?
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Mass-weighted .1,
Observed Nova A,

De et al. 2021a
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August 17/, 2017, 12:41:04 UTC
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LVC, Phys. Rev. Lett. 119, 161101 (2017)
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Just 1.7 seconds later, a burst of gamma rays
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BNS merger GRB start
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LVC, Fermi, Integral Astrophys. J. Lett., 2017; Goldstein et al. 2017
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Finding Home g

Movie Credit: R. Hurt/IPAC Caltech
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A Global Effort
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Global Relay of Observatories Watching Transients Happen ke
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Celebrating a trio of papers in journal Science:
Evans et al. 2017, Kasliwal et al. 2017, Hallinan et al. 2017
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Big Bang

ite Dwarfs CosmicRayF

Exploding Massive Stars

Exploding Wh

Merging Neutron Stars

Dying Low Mass Stars

ission

Caltech
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UVOIR Light Curve [

See also:

Andreoni et al. 2017
Arcavi et al. 2017
Cowperthwaite et a. 2017
Coulter et al. 2017

Drout et al. 2017
Lipunov et al. 2017
Lyman et al. 2017

Pian et al. 2017
Soares-Santos et al. 2017
Smartt et al. 2017

Tanvir et al. 2017

Utsumi et al. 2017

Villar et al. 2017

Evans et al. 2017, Kasliwal et al. 2017c

Surprise # 1: Too Bright and Blue at Early Time

Caltech




Spectra are the chemical thumbprint

Pian et al. 2017

Infrared Confirms that Heavy Elements were Synthesized.
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A Site or The Site:

Was the production rate of heavy elements enoug

observed solar abundance?
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Direct evidence that the heaviest elements were indeed synthesized!
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Kasliw;I et al. 2019a
We did strike gold!
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Cosmic Mines
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September 14, 2015
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Neutron Star + Black Hole Merger
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Shreya Anand
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Anand, Coughlin et al. 2020
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April 26, 2019

:UTURE
=

Shreya Anand

/ \ Localization: +1.1 hours (Grad 3" Year)

GROWTH-India: +1.5 hours

DECAM: +?._8 h_-;)urs

ZTF: +14.4 hours

Localization: +20.5 hours

o

GROWTH Team undertook a co-ordinated
search mapping the full area with four
discovery engines worldwide.

CGROWTHmIF &= Caltech

© BNS MassGep NSBH BBH
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August 14, 2015

Ruled out models Ruled out models
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Andreoni, Goldstein et al. 2019c

Upper limits suggest that either opacity was too high or the mass ratio was too high.

See also Morgan et al. 2020 (independent analysis by DESGW team)
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* Right Place

* Right Time

* Right Distance

* Right Luminosity

* Right Color Evolution

BUT... spectrum is truth

bserved Wavelength (A) :
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Could the neutron star be swallowed whole
by the black hole? — FEEESEEEERE

Q=3 [Mys = 1.4M_)] Q=5 [Mys = 1.4M)] Q=T [Mys = 1.4M)]

1500

Foucart et al. 2018

The hallmark signature is a red source that rapidly reddens.

e AgmERET Caltech




Infrared: Ubiquitous, Luminous and Long-lived

a b C

squeezed dynamical
v [ 0.2c-0.3c

squeezed dynamical
v [ 0.2¢c-0.3c

Y y ti
p == = ‘“’.u (!
“ = =
Hiskawindly disiiwind i
i vl 0.1c vl 0.1c :
Neutron Star + Neutron Star Neutron Star + Neutron Star Neutron Star + Black Hole
long lived neutron star remnant remnant prompt collapse to black hole black hole remnant

Kasen et al. 2017

Caltech
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Opening up Our Dynamic Infrared Sky
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Palomar Gattini IR, 25 deg?, 30cm WINTER, 1.1 deg?, 100cm @ Palomar DREAMS, 3.7 deg?, 50cm @SSO
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Looking ahead
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Two Technology Innovations

Quter corrector Heated airspace

i between correctors
region: [128:900,5:45] Vacuum window -

temperature: 70K

Detector

Field flattener

— Vacuum envelope

Cryogenically

cooled, light Ellipsoidal baffles
weighted primary

supported by 3

insulating bipods

1500 2000
wavelength (nm)
Challenge: Affordable Detectors Challenge: Thermal Noise
Solution: Molecular Beam Epitaxy on Silicon Solution: Fully Cryogenic Telescope System
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Why Antarctica?

e Sky is 40x Darker SN * Seeing is fantastic -

Ashley et al. 1996

240K mid/dry model sky
230K mid/dry model sky
220K mid/dry model sky

Lt o o
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Caltech
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GROWTH

PI
Worldwide

Network of
Transient Follow-
up Telescopes

ZTF

Co-PI
Palomar CA

a7 d992 gri-band
Si camera

120cm telescope

PGIR

PI
Palomar CA

25 deg2 J-band
HgCdTe camera
30cm telescope

WINTER

Co-PI
Palomar CA

1 deg2 yJH-band
InGaAs camera
100cm telescope

DREAMS

(¢]]
SSO Australia

3 deg2 yJH-band
InGaAs camera
50cm telescope

Cryoscope
PI

Antarctica

50 deg2 K-dark
HgCdTe on Si
100cm telescope
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WIRC+Pol near-infrared spectropolarimeter
at Palomar Observatory

Tinyanont et al. 2021, Nature Astronomy



GW150914

SIMULATING EATREME OPACETIMES

neutron stars, and beyond

LVT151012 AW

GW170104
GW170814 J\N\N\/W\f\ﬂf*
GW170817
0 1 2

time observable (seconds)

LIGO/University of Oregon/Ben Farr

The longest (~ 100 s), loudest (SNR ~ 32), closest (40 Mpc) signal we’ve ever observed!
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