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Many supernovae hidden by dust may be
missed by transient searches.

Searches at redder B i a2
wavelengths can provide a & ? '

W

way forward, but have
been hindered by
detector cost and the
brighter night sky
background

Optical/IR transient

surveys now coming ez 2006 3 |
online can systematically E—I e T || e
search for reddened

supernovae Image Credit: NASA, ESA, A. Goobar

(Stockholm University), and the Hubble
Heritage Team (STScl/AURA)
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SPIRITS: A targeted search of nearby
oalaxies for transients In the mid-IR

~ 1700 hours over 6 years with
Spitzer/IRAC

Cycles 10-12 (2014-2016)
|94 galaxies x 10 epochs

Cycles 13 & 14 (2017-2019)
|05 galaxies x 8 epochs

Sample < 20 Mpc

Depth of 20 mag (Vega) at [3.6]
and 19 mag at [4.5]

Pl: M Kasliwal, Project Scientist: | Jencson
. . Team: S Adams, R Lau, S Tinyanont, D Perley, F Masci, G Helovu,
Cadence baselines spanning one L Armus, SVan Dyk, A Cody, M Boyer; H Bond, A Monson, | Bally
Wee|< -to Several years O FOX, RWI”IamS, PWhitGlOCl(, R Gehrz, N Smlth,J Johansson,
E Hsiao, M Phillips, N Morell, C Contreras, M Ressler; A Moore+
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transient sources.

ldentified |25+ transients:
* 49 known supernovae
* 6 likely novae
* 60+ eSPecially Red
Intermediate-Luminosity
Transient Events (SPRITEs;
Kasliwal+ 2017)

|0 luminous transients are
newly discovered
candidate obscured SNe.

Alels: Kasliwal+ 2014: #6644

Mid-IR luminosity [4.5] (Vega mag)

SPIRITS 1s discovering a wide range of IR
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Fraction of obscured events in nearby galaxies
may be as high as ~ 50%.

Comparable number of
optically discovered core-
collapse SNe In our sample

since 2014

6 with spectroscopy and one
addrtional based on optical/
near-IR light curves (Jencson+
2017;Jencson+ 2018, In press;
Jencson+ 2018 in prep.)

Radio follow-up with VLA and
ATCA ongoing
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Optical/near-IR coverage from Palomar
provides key information on extinction.
Optical limits from 1P TF:
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Regular coverage by ZTF will continue to constrain optical emission from
SPIRITS events
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SPIRITS 16tn: a highly obscured, likely core-
collapse SN at only 9 Mpc

NGC 3556 (M108) . Swift/lUVOT UBV
- 2016 Aug. 29

. " 167.83502, 55.67149
' ?‘“’ L.

SDSS

SpitzerARAC [4.5] SpitzerARAC [4.5]
2016 Aug. 15 2011 Feb. 7

s IRef. s BSub.

Jacob Jencson July 16,2018 Jencson+ 2018, in press
arXiv:1803.00574




Optical/near-IR coverage from Palomar
provides key information on extinction.

SPIRITS 16tn: Light curve

comparison SN 2005c¢s
indicates Ay ~ 8 mag

See also:

SPIRITS 15c¢ (type lIb with
Av ~ 2.2 mag) and
SPIRITS 14buu (type IIP
with Ay = 1.5) n IC 2163
(Jencson+ 2017)
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A combination of optical/IR searches will be
sensitive to obscured supernovae at a range

of distances.

SPitzer InfraRed Intensive

Transients Survey (SPIRITS):
+ 3.6 and 4.5 Pm targeted
survey of nearby galaxies

Zwicky Transient Facility
(ZTF):
- i-band survey of 6700 deg? at
4-day cadence

« Expect ~ 50 CCSN within
|00 Mpc in | year

Palomar Gattini-IR (PG-IR):
» Nightly J-band survey of
15000 deg?

+ Expect ~ |3 SNe within 50
Mpcin | year

Jacob Jencson
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REF SuB
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Red transient discoveries from Z1F so far:

NEW

ZTF18abeamgv: Reddened SN IIb?
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Palomar Gattini-IR: a new wide-field,
oround-based IR transient survey

PG-IR Team: M Kasliwal, A Moore, S Adams, R Lau, K De, | Jencson,
A Delacroix, R Smith, D McKenna, D Hale, R Dekany, | Burhnam,
T Travouillon, M Ashley, | Sokoloski, | Soon, E Ofek+

300 mm aperture
telescope

d

TEC-300VT
prototype

25 deg? FOV

<’

Survey 15000 deg? to
] = 164 mag AB every night

Reach /7.5 mag in one week
stack

Camera
overview

Rooftop testing complete.
Commissioning at Palomar
soon.

Expect ~ |13 SNe within Mount installed

50 Mpc in one year

W rhertoc e Mot - Bt vl

Moore+ 2016
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Summary

Searches for supernovae and transients may miss events obscured by dust.

SPIRITS Is an ongoing search for transients in nearby galaxies in the mid-IR with
Sprtzer, and support from Palomar telescopes provides more detalled
characterizations.

ZTF (gri) and Palomar Gattini-IR (/) will conduct wide-field surveys sensitive to
reddened SNe and varying levels of extinction and distances, allowing us to build
spectroscopically complete samples.

Searching for and characterizing obscured SNe will allow us to probe their
significance for the missing SN fraction, and whether these events represent a
separate population originating from extreme environmental conditions and/or
progenitor systems.
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SPIRITS 14buu, |5¢c, & | /lb: 3 SNe In
4 years In |C 2163.

NGC 2207
C 2163

e

| _g SPIR|TS |4m‘
« | . y |

SPIRITS: I5c ? 3
SPIRITS |7Ib

Image Gyedit: NASA, ESA, and The Hubble Heritage Team (STScl)




A simple redden

observed light cL

~VES.

Av=2.2 mag, E(B-V) = 0.72 mag, Rv=3.1 (Fitzpatrick 99)
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Light curves of SPIR

with a reddened SN [P
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The near-IR spectrum of S

CIRITS [5¢ s

similar to that of Type Hb SN 201 I dh.

fy + constant (10~ erg s~ em—2 A1)
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PIRITS [6tn 1s unique In 1its mid-IR properties.
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Jencson+ 2018, submitted
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Av ~ /-9 mag.
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Near-IR spectra can provide classifications.
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Normalized flux + constant
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Near-IR spectrum rules out an SN |a.
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VLA and AMI radio non-c
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HST/WFC3 F814W
2016 Sep.25 =

HST/WFPC2
F606W
1994 Jul. 4

Jencson+ 2018

Log L/Lg

HST/WFC3 FI10W
2011 June 8

Jencson+ 2018, Alel #1 1577

Keck/NIRC2J
2017 Dec. 8 :

HST F606W
2001 March 8
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2001 June 9
Jencson+ 2018, ATel #11579
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SPIRITS 17pc has a hot blue progenitor with
active dust formatlon

Spitzer/IRAC [4.5] Spitzer/IRAC [4.5] 6.9 sars wacks
2017 Oct. 12 2004 - 2008 > | E Elorige & Tout (2004)

©
|
~
-]
g =
— 4 5F ¢ !l detection
v upper limit
4.0 3 *Ib detection
- e SN2009ip
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IIS T/'WFC3 F336W Y IIS TIWFC3 F438W

" HST/WFC3 F814W P .

"
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‘ ‘v
20]1 June 8 2011 June 8
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L ~2x 10%°Le Smartt 2015

I ~ 20,000 K
Tdust ~ |,8OO |<
E(B—V)host < 05 mag

HST/WFC3 F110W
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2011 June 8

Keck/NIRC2J
2017 Dec. 8 2011 June 8

Jencson+ 2018, Alel #1157/
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Palomar imaging reveals multiple self-
obscuring outbursts iIn SPIRITS I7pc
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SPIRITS | 7pc shows m
intensitying mid-IR out

Spitzer/IRAC [4.5]
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°rogenitor consistent with a hot, blue star
with active dust formation.
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SPIRITS 7/gm has a luminous, highly
variable progenitor.

New Ref

2017-11-5 2004-12-16 - 2004-12-16 Positive Subtraction

S My =-9.3 mag
- '3" L~ 10° Le
e ~ Am=1.7mag
HST F606W

2001 March 8

Jencson+ 2018, Alel #11579



Absolute magnitude (Vega)
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Radio observations provide additional type
information and probe circumstellar
environment.
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/Zwicky Transient Facility 4 g e
elv CCDs

Successor to IPTF on
Palomar 48-in. Oschin
Telescope

47 deg? FOV

Optical g and R-band
SUrVeYs

i-band survey of 6700 deg?
to 20.1 mag (AB) at 4 day

cadence

at prime focus

Expect ~ 50 CCSNe
within 100 Mpc in one
year

https://www.flickrcom/photos/
148693675@N04/albums



“Supernova Rate Problem™ The core-collapse supernova rate
does not match the formation rate of massive stars.
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SN rate tracks trend in star
formation

Overall normalization
discrepancy by factor of 2

I

Not enough supernovae are
seen for the number of
massive stars formed In the
Universe
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"Red Supergiar

progenitors of type |

Data inconsistent with
progenitor Initial masses
drawn from Salpeter IMF

up to 30 Me

VWe are not observing
SNe from progenitors
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Archival searches of high-resolution imaging
have allowed for direct detections of SN
pDrogenitors.
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Characterizing the extinction in obscured
SNe can probe local conditions.
= Av/E(B - V)

L ow values of Ry observed

)0 Milky Way extinction curves (Fitzpatrick 99)
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E(A-V)/E(B-V)

Rv dependent extinction curves
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Radio observations probe the interaction of

SN ejecta with surrounding material.

Time Before Supernova (yr)

Synchrotron emission
generated by interaction
of shockwave with
circumstellar material

Absorbed at early time by
external 1onized medium
(free-free) or synchrotron
self-absorption In
interaction region

CSM Density (particles/cm?3)

104 E

10 E

LRI
~

LI ll*L] 1 ‘\l LI IIFI\I I

100
~. 2004ce =

10~ TN

N

/|

e

%/
(3
Neo

/
/
/
/
/
/

1 lllkllll L.l llk

/
/.
/
/P
o

8l

L L Ll

/

/

/7, v
|

Ll 11l

/
el

/7
/7 "
1 llﬂlll

\,\ 0y
\,\0\6d

1 1 hLL

10" \Wellons+ 2012

Radius (cm)



Core-collapse progenitors

H-rich || early times, .
= ... most common CC evolves to Ib He- R/He-stripped CSM-interaction
characteristics . envelope
100 day plateau rich spectrum
. _ Al limits
IIDrog_:jenlt_or log L/Lsun < 5 og Lilksin = (extinction, W-R evolve  log L/Lsun = 6
uminosity 4.9-5.2 before collapse)
: T 25-30 Msun (W-R) or
Progenitor initial 8-15 (18) Msun 13-17 Msun lower mass binary >30 Msun,
mass (12-20 Musn) 60-80 Msun
. Yellow-supergiant with ~ massive Woli-Rayet? Or
Progem.to.r ot miese Fise compact companion | ativzes'ls\]t?;ggi?ggest LBV-like outbursts
characteristics supergiant e oea? e
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