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Optical:	Evryscope,	ASASSN,	 HATPI,	ZTF,	KMTNet,	 CSS-II,	PS2,	
Blackgem,	ATLAS,	DECAM,	HSC	(and	soon,	LSST)	

X-ray:	MAXI,	eROSITA
Radio:	LOFAR,	MWA,	LWA, Apertif,	Meerkat, Askap,	CHIME,	VLASS

MISSING:	Wide-field	Infrared	and	Ultraviolet

Gamma-Rays	Fermi,	Swift,	Integral

Multi-Messenger Astrophysics
Discovery Engines

Gravitational	Waves:	LIGO,	Virgo,	LIGO-India,	Kagra,	LISA,	PTA

Neutrinos	and	UHECRs:	Icecube,	Pierre	Auger,	Antares,	SuperK
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Why Infrared Fireworks?
I. Nuclear Physics

• Heavy Element Opacity cf Kilonovae & Gravitational Waves
• Line Blanketing cf He-shell detonations cf LISA GW

II. Enshrouded Stellar Fates
• Milky Way Dust cf Galactic Supernova & Neutrinos
• Mass-loss self-obscuration cf core-collapse supernovae

III. Cool Explosions
• Birth of Stellar Black Holes
• Stellar Mergers
• Shocks in Classical Novae

IV. The Unexpected
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No Wide-Field IR cameras?

VIRCAM	on	VISTA
0.6	deg2 on	4m

WFCAM	on	UKIRT
0.2	deg2 on	4m

Space

WISE

WIRCAM	on	CFH
0.13	deg2 on	4m
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I have a dream
Project Description Status

Phase I SPIRITS Target	200	galaxies	with
the	Spitzer	Space	
Telescope

2014-2019
Ongoing

Phase	II ZTF Classify the reddest	
optical	transients

2018-2020
Ongoing

Phase	III Palomar	Gattini-IR 15,000	sq deg every night	
in	J-band	to	16.4	mag

Sep 11,	2018
First	Light

Phase	IV WINTER 1	sq deg yJH camera on	a	
1	meter	telescope

Summer	2020
Just	Funded

The$Wide(field$Infrared$Transient$Explorer

and"surveillance"applications,"offering"extensive"heritage"and"an" intermediate"costDperDpixel" (~3x" lower"
than"HgCdTe)."It"has"a"directDbandgap"cutoff"at"1.68km,"which"greatly"simplifies"designs"for"autonomous"
instruments"not"seeking"KDband"imaging,"since"instrumental"backgrounds"remain"low"with"only"modest"
sensor"cooling"(i.e."dark"current),"and"ambient"temperature"optics."

Using" a" small" demonstration" camera,"we" have" achieved" skyDnoise" limited" photometric" performance"
from"InGaAs"sensors"operated"at"T"="D40C"with"a"warm"optical"train8,9,10,11."This"success,"coupled"with"(a)"
the"unexplored"phase"space"of"time"variability"in"the"IR,"and"(b)"the"recently"highlighted"importance"of"
the"IR"for"studying"electromagnetic"signatures"of"neutron"star"mergers12,13,"motivates"us"to"scale"InGaAs"
focal"planes"to"the"large"field"sizes"needed"for"systematic"surveys"of"explosive"or"timeDvariable"sources."""
B.1. Electromagnetic$signatures$of$the$r$($process$in$neutron$star$mergers$$

On" August" 17," 2017," the" groundbreaking" discovery" of" both" gravitational" waves" (GW)" and"
electromagnetic" radiation" from" a" neutron" star" (NS)" merger" marked" the" dawn" of" a" new" era" in" multiD
messenger"astrophysics14D19."GW170817"lit"up"the"entire"electromagnetic"spectrum,"and"yielded"a"scientific"
bonanza" in" fields" as" wideDranging" as" strong" field" gravity," nucleosynthesis," extreme" states" of" nuclear"
maner,"the"astrophysics"of"relativistic"explosions"and"jets,"and"cosmology."For"the"first"time,"we"saw"realD
time"evidence"of"rDprocess"nucleosynthesis,"which"yields"half" the"elements" in"the"periodic" table"heavier"
than"iron2."Heavy"line"blanketing"from"the"large"density"of"boundDbound"transitions"renders"the"opacity"
of" rDprocessDrich"maner"much"higher" than" the" conventional" iron"peak" elements" (Figure" 2)," shifting" the"
emergent"spectrum"out"of"the"optical"bands"and"into"the"IR"(Figure"3,"top"panel)12,13."Both"IR"photometry"
and" IR" spectroscopy" (revealing" vivid" broad" features)" were" decisive" in" shaping" the" interpretation" that"
GW170817"synthesized">10,000"earth"masses"of"neutron"capture"elements15."

Now" that" the" first" unambiguous" rDprocess" site" has" been" identified," an" exciting" opportunity" exists" to"
characterize" its" astrophysics." Sensitivity" improvements" expected" soon" for"LIGO"O4" (starting"midD2020)"
project"that"NSDNS"mergers"will"be"detected"at"a"rate"of"~1D2"/"month20,"yielding"50D100"events"in"the"next"5"
years" to" address" fundamental" questions" such" as" (a)" Are" NSDNS" mergers" the" only" site" of" rDprocess"
nucleosynthesis?"(b)"Do"they"produce"the"same"relative"abundance"ratios"seen"in"the"solar"neighborhood?"
(c)"Are"the"thirdDpeak"rDprocess"elements"(e.g."Au"and"Pt)"synthesized?"(d)"What"elements"are"made"when"
a" NS" merges" with" a" stellar" mass" black" hole" (BH)?" A" less" fundamental" but" still" relevant" question" is"
whether"such"an"event"rate"will"saturate"the"ToO"budget"of"large"or"national"observatories."

A" serious" gap" in" worldwide" plans" to" address" these" questions" is" our" lack" of" IR" survey" instruments"
matching"the"scale"of"coarse"GW"localizations"(~10"deg2"with"three"advanced"GW"interferometers20)."With"
a" rich" suite" of" optical" surveys" spanning" different" scales" (e.g.," ZTF6," PanSTARRS21,"ATLAS22,"DECam23,"
HSC24,"LSST3),"we"are"wellDequipped"to"search"for"optical"counterparts"to"NSDNS"mergers,"and"indeed"this"
was" how" the" counterpart" to" GW170817" was" discovered14." However" the" emerging" consensus" is" that"
GW170817"was"a"gift"of"nature"–" it"was" in"our"backyard" (D=40"Mpc)"and"our" lineDofDsight"was" just"~30"
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Figure"1:"Field"of"View"(FoV)"comparison"for"IR"survey"instruments."WINTER’s"FoV"matches"that"of"VIRCAM,"the"
world’s"largest"IR"imager,"but"with">2x"higher"fill"factor."WINTER"has"a"coarser"pixel"scale"to"maximize"mapping"
speed"for"transient"surveys"while"still"operating"near"Palomar’s"Nyquist"limit."VIRCAM"will"be"decommissioned"in"
2020"to"install"4MOST"on"the"VST,"leaving"WINTER"as"the"only"~1○"scale"IR"imager"during"LIGO"O4.And	then	perhaps,	go	to	a	Polar	Location	or	Space…

IR TDA Roadmap
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Palomar Gattini-IR:
Opening up the dynamic infrared sky

A robotic	30cm	telescope	with	a	25	sq deg FoV camera	
Surveys	9,000	sq deg to	J	<	15.4	mag	every	single	night!	

In	partnership	with	Anna	Moore	(ANU)

First	light:	September	11,	2018
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Sky Coverage to date

~9000	square	degrees	mapped	every	night!
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Collage of Palomar Gattini-IR light curves
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Classical Novae:
Shock-Dust Connection?

dips to those with IR excess only will constrain the morphology of a typical dust shell. The census
of classical novae from Gattini-IR will be unimpeded by extinction (AJ = 0.27AV ) Specifically,
the estimated rate of novae is 20–50 per year [12] is higher than the currently observed optically-
selected rate of ⇡8 per year. Thus, the Gattini-IR nova sample will span a wide-enough range
of ejecta velocities and inclinations to achieve our goal.
Why Scialog? This concept of building a wide-field IR imager began simmering at the last

Scialog conference. Over the past year, both the dynamic IR science case and the pathfinder
instrument concept have solidified. The instrument concept has been broken up into phases with
a detailed engineering design for an economical pathfinder. Thanks to a USD 96K grant from
the Mt Cuba astronomical foundation and a spare IR detector (costing USD 250K) loaned to us
by Caltech Optical Observatories, we have already started assembling Gattini-IR and ordered
the telescope and mount. The publication of a new theoretical model just last week (by a Scialog
Fellow) for dust formation in novae means that we did not have any immediate work for a theorist
on our team. Our project does, however, bring together an instrumentalist and an observer who
have never worked together before. Co-I Kasliwal will build the Gattini-IR facility and software
necessary to identify novae. Co-I Sokoloski will analyze nova data, coordinate multi-wavelength
follow-up and lead the scientific interpretation of IR color evolution of the Gattini-IR sample.

Figure 1 (a) An aerial view of Palomar Observatory. (b) Gattini-IR will be housed in an existing dome at the Observatory. (c)
A rendering of the proposed wide-field IR telescope. (d) The TEC-300VT telescope with a 30cm aperture and f/ratio of 1.44 gives
us an instantaneous depth of J<16.4mag (e) The in-house ND-5 large cryogenic Dewar from Infrared Laboratories. (f) The in-house
2kx2k Hawaii 2RG infrared detector gives us a pixel scale of 8.6 arcsec over the 25 sq deg instantaneous field-of-view.

Figure 2 Left: Schematic diagram of nova shock and dust formation. Right: Light Curve showing a dust-dip in Fermi-detected
nova V5668 Sgr.

2

Derdzinski et	al.	2016 Dust	Dip	from	V5668	Sgr/AAVSO

In	partnership	with	Jeno Sokoloski.	
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Supernova in the Milky Way

Adapted	from	Adams	et	al.	2013
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WINTER @ Palomar
Alternative Semiconductor TechnologyThe$Wide(field$Infrared$Transient$Explorer

and"surveillance"applications,"offering"extensive"heritage"and"an" intermediate"costDperDpixel" (~3x" lower"
than"HgCdTe)."It"has"a"directDbandgap"cutoff"at"1.68km,"which"greatly"simplifies"designs"for"autonomous"
instruments"not"seeking"KDband"imaging,"since"instrumental"backgrounds"remain"low"with"only"modest"
sensor"cooling"(i.e."dark"current),"and"ambient"temperature"optics."

Using" a" small" demonstration" camera,"we" have" achieved" skyDnoise" limited" photometric" performance"
from"InGaAs"sensors"operated"at"T"="D40C"with"a"warm"optical"train8,9,10,11."This"success,"coupled"with"(a)"
the"unexplored"phase"space"of"time"variability"in"the"IR,"and"(b)"the"recently"highlighted"importance"of"
the"IR"for"studying"electromagnetic"signatures"of"neutron"star"mergers12,13,"motivates"us"to"scale"InGaAs"
focal"planes"to"the"large"field"sizes"needed"for"systematic"surveys"of"explosive"or"timeDvariable"sources."""
B.1. Electromagnetic$signatures$of$the$r$($process$in$neutron$star$mergers$$

On" August" 17," 2017," the" groundbreaking" discovery" of" both" gravitational" waves" (GW)" and"
electromagnetic" radiation" from" a" neutron" star" (NS)" merger" marked" the" dawn" of" a" new" era" in" multiD
messenger"astrophysics14D19."GW170817"lit"up"the"entire"electromagnetic"spectrum,"and"yielded"a"scientific"
bonanza" in" fields" as" wideDranging" as" strong" field" gravity," nucleosynthesis," extreme" states" of" nuclear"
maner,"the"astrophysics"of"relativistic"explosions"and"jets,"and"cosmology."For"the"first"time,"we"saw"realD
time"evidence"of"rDprocess"nucleosynthesis,"which"yields"half" the"elements" in"the"periodic" table"heavier"
than"iron2."Heavy"line"blanketing"from"the"large"density"of"boundDbound"transitions"renders"the"opacity"
of" rDprocessDrich"maner"much"higher" than" the" conventional" iron"peak" elements" (Figure" 2)," shifting" the"
emergent"spectrum"out"of"the"optical"bands"and"into"the"IR"(Figure"3,"top"panel)12,13."Both"IR"photometry"
and" IR" spectroscopy" (revealing" vivid" broad" features)" were" decisive" in" shaping" the" interpretation" that"
GW170817"synthesized">10,000"earth"masses"of"neutron"capture"elements15."

Now" that" the" first" unambiguous" rDprocess" site" has" been" identified," an" exciting" opportunity" exists" to"
characterize" its" astrophysics." Sensitivity" improvements" expected" soon" for"LIGO"O4" (starting"midD2020)"
project"that"NSDNS"mergers"will"be"detected"at"a"rate"of"~1D2"/"month20,"yielding"50D100"events"in"the"next"5"
years" to" address" fundamental" questions" such" as" (a)" Are" NSDNS" mergers" the" only" site" of" rDprocess"
nucleosynthesis?"(b)"Do"they"produce"the"same"relative"abundance"ratios"seen"in"the"solar"neighborhood?"
(c)"Are"the"thirdDpeak"rDprocess"elements"(e.g."Au"and"Pt)"synthesized?"(d)"What"elements"are"made"when"
a" NS" merges" with" a" stellar" mass" black" hole" (BH)?" A" less" fundamental" but" still" relevant" question" is"
whether"such"an"event"rate"will"saturate"the"ToO"budget"of"large"or"national"observatories."

A" serious" gap" in" worldwide" plans" to" address" these" questions" is" our" lack" of" IR" survey" instruments"
matching"the"scale"of"coarse"GW"localizations"(~10"deg2"with"three"advanced"GW"interferometers20)."With"
a" rich" suite" of" optical" surveys" spanning" different" scales" (e.g.," ZTF6," PanSTARRS21,"ATLAS22,"DECam23,"
HSC24,"LSST3),"we"are"wellDequipped"to"search"for"optical"counterparts"to"NSDNS"mergers,"and"indeed"this"
was" how" the" counterpart" to" GW170817" was" discovered14." However" the" emerging" consensus" is" that"
GW170817"was"a"gift"of"nature"–" it"was" in"our"backyard" (D=40"Mpc)"and"our" lineDofDsight"was" just"~30"
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Figure"1:"Field"of"View"(FoV)"comparison"for"IR"survey"instruments."WINTER’s"FoV"matches"that"of"VIRCAM,"the"
world’s"largest"IR"imager,"but"with">2x"higher"fill"factor."WINTER"has"a"coarser"pixel"scale"to"maximize"mapping"
speed"for"transient"surveys"while"still"operating"near"Palomar’s"Nyquist"limit."VIRCAM"will"be"decommissioned"in"
2020"to"install"4MOST"on"the"VST,"leaving"WINTER"as"the"only"~1○"scale"IR"imager"during"LIGO"O4.

The$Wide(field$Infrared$Transient$Explorer

degrees"from"the"pole."Both"factors"yield"a"bright,"blue"optical"counterpart,"conducive"to"localization"by"

small" optical" telescopes." Theory" suggests" that" this" requires" substantial" serendipity," because" optical"

emission"is"highly"model"dependent"(Figure"2)1,15,25,26,27."It"may"require"a"view"of"polar"regions"with"high"

ejecta"velocity"and"low"opacity."Or," it"may"need"suppressed"optical"opacity"via"neutrinoDirradiated"disk"

winds28."Or," it" could" require" an" extended" survival" period" of" the" hypermassive"NS" remnant" before" BH"

collapse29."Optical"emission"is"never"predicted"for"NSDBH"mergers,"or"high"massDratio"NSDNS"events."Even"

when"optical"emission"is"present,"it"decays"on"~1"day"timescales30."

In" contrast," bright" infrared" emission" (peaking" at" 1.0D1.2km)" from" radioactive" decay" of" neutronDrich"

isotopes"should"be"ubiquitous"and" independent"of"geometry,"opacity," remnant" lifetime"and"mass" ratio,"

and"the"IR"counterpart"remains"bright"for"a"week"or"more."Thus,"a"systematic"and"unbiased"search"for"EM"

counterparts"to"NSDNS"and"NSDBH"mergers"is"optimally"undertaken"in"the"infrared.""

WINTER" will" be" able" to" detect" LanthanideDrich"

kilonovae"throughout"LIGO’s"full"search"volume,"

and" track" their" photometric" evolution" on"

weeklong" timescales." Figure" 3" (bonom" left)"

depicts"the"depth"to"which"WINTER"can"scan"a"20"

deg2"search"region"in"one"night"(shaded"green,"4D

hour"visibility),"or"through"coDaddition"of"3"nights"

(shaded" yellow)" since" the" transient" brightens"
during" this" time" in" the" IR."Overlaid"curves"show"

the" JDband" evolution" of" GW170817," but" offset"

from"its"actual"distance"(40"Mpc)"to"100,"150,"and"

190"Mpc"(the"NSDNS"detection"horizon"for"LIGOD

O4)." If" construction" begins" this" year," WINTER"

will"come"online" just"as"LIGO"and"Virgo"achieve"

this"sensitivity"goal"for"the"Advanced"phase20."

WINTER’s" large" FoV" and" negligible" overheads"

are"unique"for"fast"volumetric"mapping"in"the"IR."

The" only" comparable" IR" instruments" in" use" are"

VISTA/VIRCAM"and"UKIRT/WFCAM"(Figure"1)."

Although" these" are" on" larger" telescopes," both"

instruments" are" deep" into" the" overheadDlimited"

regime" (i.e." readout+slew" >" exposure" time)" for"

kilonova" mapping," in" which" case" FoV" becomes"

the"bonleneck."Consequently"WINTER"can"survey"
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Figure"2:"Cartoon"depiction"of"electromagnetic"counterparts"to"NS"mergers1,"with"heavy"rDprocess"IR"emission"(red)"

and" light" rDprocess"UV/optical" emission" (blue)."All"models" produce" an" IRDbright" torus" in" the"merger" plane" that"

emits" isotropically"and"would"be" seen"by"WINTER."A"UV/optical"flash" is" sometimes"visible"when" the"merger" is"

favorably"oriented"to"view"squeezed"dynamical"ejecta,"or"when"neutrino"flux"lowers"the"neutron"fraction"yielding"a"

blue"disk"wind"(a)."Mergers"resulting"in"prompt"black"hole"formation"(b,c)"produce"only"red/IR"disk"winds."
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Figure 1 | Schematic illustration of the components of matter ejected from neutron-

star mergers. Red colours denote regions of heavy r-process elements, which radiate 

red/infrared light. Blue colours denote regions of light r-process elements which radiate 

blue/optical light. During the merger, tidal forces peel off tails of matter, forming a torus 

of heavy r-process ejecta in the plane of the binary. Material squeezed into the polar 

regions during the stellar collision can form a cone of light r-process material. Roughly 

spherical winds from a remnant accretion disk can also contribute, and are sensitive to the 

fate of the central merger remnant. a, If the remnant survives as a hot neutron star for tens 

of milliseconds, its neutrino irradiation lowers the neutron fraction and produces a blue 

wind. b, If the remnant collapses promptly to a black hole, neutrino irradiation is 

suppressed and the winds may be red. c, In the merger of a neutron star and a black hole, 

only a single tidal tail is ejected and the disk winds are more likely to be red. 
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Figure" 3:" Top:" Model" spectra" for" radioactive" decay" of" rD

process"elements"at"t"="2"days,"scaled"to"match"in"J5."Colors"

denote"varying"lanthanide"fractions"as"indicated"in"legend."

Bo;om$ Left:$ Evolution" of" J" flux" for" GW170817" offset" to"

varying" distances" as" indicated." WINTER" will" detect" such"

events" over" 20" square" degrees" in" 4" hours" at" 150" Mpc"

(green),"or"190"Mpc"in"a"12Dhour"map"(yellow)."Bo;om$Right:"
Evolution"in"(z"D"J)"color"for"the"models"shown"in"top"panel.

In	Partnership	with	Rob	Simcoe	(MIT)
Now	funded	by	NSF	MRI	+	Packard;	First	light:	Summer	2020

The$Wide(field$Infrared$Transient$Explorer

degrees"from"the"pole."Both"factors"yield"a"bright,"blue"optical"counterpart,"conducive"to"localization"by"

small" optical" telescopes." Theory" suggests" that" this" requires" substantial" serendipity," because" optical"

emission"is"highly"model"dependent"(Figure"2)1,15,25,26,27."It"may"require"a"view"of"polar"regions"with"high"

ejecta"velocity"and"low"opacity."Or," it"may"need"suppressed"optical"opacity"via"neutrinoDirradiated"disk"

winds28."Or," it" could" require" an" extended" survival" period" of" the" hypermassive"NS" remnant" before" BH"

collapse29."Optical"emission"is"never"predicted"for"NSDBH"mergers,"or"high"massDratio"NSDNS"events."Even"

when"optical"emission"is"present,"it"decays"on"~1"day"timescales30."

In" contrast," bright" infrared" emission" (peaking" at" 1.0D1.2km)" from" radioactive" decay" of" neutronDrich"

isotopes"should"be"ubiquitous"and" independent"of"geometry,"opacity," remnant" lifetime"and"mass" ratio,"

and"the"IR"counterpart"remains"bright"for"a"week"or"more."Thus,"a"systematic"and"unbiased"search"for"EM"

counterparts"to"NSDNS"and"NSDBH"mergers"is"optimally"undertaken"in"the"infrared.""

WINTER" will" be" able" to" detect" LanthanideDrich"

kilonovae"throughout"LIGO’s"full"search"volume,"

and" track" their" photometric" evolution" on"

weeklong" timescales." Figure" 3" (bonom" left)"

depicts"the"depth"to"which"WINTER"can"scan"a"20"

deg2"search"region"in"one"night"(shaded"green,"4D

hour"visibility),"or"through"coDaddition"of"3"nights"

(shaded" yellow)" since" the" transient" brightens"
during" this" time" in" the" IR."Overlaid"curves"show"

the" JDband" evolution" of" GW170817," but" offset"

from"its"actual"distance"(40"Mpc)"to"100,"150,"and"

190"Mpc"(the"NSDNS"detection"horizon"for"LIGOD

O4)." If" construction" begins" this" year," WINTER"

will"come"online" just"as"LIGO"and"Virgo"achieve"

this"sensitivity"goal"for"the"Advanced"phase20."

WINTER’s" large" FoV" and" negligible" overheads"

are"unique"for"fast"volumetric"mapping"in"the"IR."

The" only" comparable" IR" instruments" in" use" are"

VISTA/VIRCAM"and"UKIRT/WFCAM"(Figure"1)."

Although" these" are" on" larger" telescopes," both"

instruments" are" deep" into" the" overheadDlimited"

regime" (i.e." readout+slew" >" exposure" time)" for"

kilonova" mapping," in" which" case" FoV" becomes"

the"bonleneck."Consequently"WINTER"can"survey"
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Figure"2:"Cartoon"depiction"of"electromagnetic"counterparts"to"NS"mergers1,"with"heavy"rDprocess"IR"emission"(red)"

and" light" rDprocess"UV/optical" emission" (blue)."All"models" produce" an" IRDbright" torus" in" the"merger" plane" that"

emits" isotropically"and"would"be" seen"by"WINTER."A"UV/optical"flash" is" sometimes"visible"when" the"merger" is"

favorably"oriented"to"view"squeezed"dynamical"ejecta,"or"when"neutrino"flux"lowers"the"neutron"fraction"yielding"a"

blue"disk"wind"(a)."Mergers"resulting"in"prompt"black"hole"formation"(b,c)"produce"only"red/IR"disk"winds."
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Figure 1 | Schematic illustration of the components of matter ejected from neutron-

star mergers. Red colours denote regions of heavy r-process elements, which radiate 

red/infrared light. Blue colours denote regions of light r-process elements which radiate 

blue/optical light. During the merger, tidal forces peel off tails of matter, forming a torus 

of heavy r-process ejecta in the plane of the binary. Material squeezed into the polar 

regions during the stellar collision can form a cone of light r-process material. Roughly 

spherical winds from a remnant accretion disk can also contribute, and are sensitive to the 

fate of the central merger remnant. a, If the remnant survives as a hot neutron star for tens 

of milliseconds, its neutrino irradiation lowers the neutron fraction and produces a blue 

wind. b, If the remnant collapses promptly to a black hole, neutrino irradiation is 

suppressed and the winds may be red. c, In the merger of a neutron star and a black hole, 

only a single tidal tail is ejected and the disk winds are more likely to be red. 

  

squeezed dynamical 
   v ¼ 0.2c-0.3c

tidal dynamical 
v ¼ 0.2c-0.3c

disk wind 
 v ≲ 0.1c

Neutron Star + Neutron Star
  long lived neutron star remnant

a

squeezed dynamical 
   v ¼ 0.2c-0.3c

tidal dynamical 
v ¼ 0.2c-0.3c

disk wind 
 v ≲ 0.1c

   Neutron Star + Neutron Star
remnant prompt collapse to black hole

b

tidal dynamical 
v ¼ 0.2c-0.3c

disk wind 
 v ≲ 0.1c

Neutron Star + Black Hole
      black hole remnant

c

(a) (b) (c)

Figure" 3:" Top:" Model" spectra" for" radioactive" decay" of" rD

process"elements"at"t"="2"days,"scaled"to"match"in"J5."Colors"

denote"varying"lanthanide"fractions"as"indicated"in"legend."

Bo;om$ Left:$ Evolution" of" J" flux" for" GW170817" offset" to"

varying" distances" as" indicated." WINTER" will" detect" such"

events" over" 20" square" degrees" in" 4" hours" at" 150" Mpc"

(green),"or"190"Mpc"in"a"12Dhour"map"(yellow)."Bo;om$Right:"
Evolution"in"(z"D"J)"color"for"the"models"shown"in"top"panel.
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SPIRITS is discovering a wide range of 
IR transient sources.

Identified 131+ transients

49 known supernovae

10 candidate obscured 
supernovae

8 likely classical novae

64 eSPecially Red Intermediate-
Luminosity Transient Events 
(SPRITEs)

Jacob	Jencson
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