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Infrared transients and surveys
Targeted surveys of nearby dusty LIRGS

Mattila+ 2007
VLT Ks-band detection of SN in IRAS 18293-3413 (~ 40 mag extinction?)

SN missing fraction as function of redshift Mattila+ 2012

Also done with Spitzer 
observations and VLBI



Infrared transients and surveys
SPIRITS : Spitzer time domain survey of nearby star-forming galaxies 
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Extinction distribution of optical and 
infrared discovered transients

Fraction of core-collapse supernovae 
missed in nearby galaxies ~ 40% 

Jencson+ 2019, Kasliwal+ 2017



Infrared transients that are not supernovae

Multi-color light curves of M101-OT Blagorodnova+ 2017

Luminous red novae



Infrared transients that are not supernovae

Long-lived infrared emission from GW170817 Villar+ 2017

Infrared emission ubiquitous in kilonova models



Infrared variability

Takahiro Sumi



Infrared transient surveys

What would you do with a wide-field, 
shallow near-infrared transient survey?

Lessons from optical wide-field surveys? 
(PTF, ASASSN, ATLAS, ZTF ..)



Infrared transient surveys

What would you do with a wide-field, 
shallow near-infrared transient survey?

Lessons from optical wide-field surveys? 
(PTF, ASASSN, ATLAS, ZTF ..)

“New phase space”: Is there a population 
of infrared transients missed in the optical?
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Results from SPIRITS

Kasliwal+ 2017



Takahiro Sumi

Current and near-future facilities

Transient survey proposed in off-bulge season (T. Moriya)



30 cm telescope, 25 square degree field of view in J band

Limiting magnitude ~ 16 AB mag

2 night cadence over entire sky. Operational now.

Current and near-future facilities
Gattini-IR at Palomar observatory



Advances in detector technology

Comparison of dark current (black dotted line) to 
sky background level in Y and J band

Warm InGaAs detectors (-40 C) as an alternative to cooled H2RG detectors.

Half the cost of H2RG detectors per pixel

Simcoe+ 2019



Current and near-future facilitiesThe$Wide(field$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"

Page"� "of"�2 15

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.

• 1.2 sq. deg. y+J+H camera


• 1 m telescope at Palomar


• Single visit depth J ~ 19.2 mag


• Just funded, first light 
Summer 2020 

•  Synergy with PRIME? 

PIs: Simcoe, Kasliwal and Furesz



Transient follow-up and classification

Once you find a near-infrared infrared transient 
missed in optical surveys, how do you classify it?



Transient follow-up and classification

Once you find a near-infrared infrared transient 
missed in optical surveys, how do you classify it?

For shallow wide-field surveys (e.g. Gattini-IR), optical 
MMS facilities may be well matched in depth

Synergy with MMS facilities


