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Phase 1: Immediate alert
Something is happening!

Phase 2: Shortly afterward...
Localization

Phase 3: A little while later…
Information about the nature of 
the explosion

Information Observers Will Need

Linzer & Scholberg (2019)



Rich scientific opportunities will be lost unless there is 
a world-wide cooperative effort to coordinate the 
complex array of multi-messenger resources needed 
fully characterize the next Galactic supernova.

We want to avoid a free-for-all…

The next Galactic supernova will be so obvious that 
there is no need to plan follow up.

Attitudes – Good and Bad



Considerations for GW Follow up
Neutrinos will provide timing window for GW search.

Lots of recent research into GW 
signatures of core-collapse supernovae, 
but much remains unknown. 

Will not be able to perform matched filtering, 
thus excess power search centered around t=0 
from SNEWS alert is likely approach.

Nakamura+ (2016)

See, e.g., Kotake+ (2013), Gossan+ (2015), Radice+ (2019), 
Andresen+ (2019), Westernacher-Schneider+ (2019) 

X
Goal is to automate passing SNEWS information to GW facilities



Considerations for GW Follow up
Neutrinos will provide timing window for GW search.

Goal is to automate passing SNEWS information to GW facilities

Nakamura+ (2016)

Lots of recent research into GW 
signatures of core-collapse supernovae, 
but much remains unknown. 
See, e.g., Kotake+ (2013), Gossan+ (2015), Radice+ (2019), 
Andresen+ (2019), Westernacher-Schneider+ (2019) 

Will not be able to perform matched filtering, 
thus excess power search centered around t=0 
from SNEWS alert is likely approach.

Murphy+ (2009)



Considerations for EM Follow up

Nature of event: SN with neutron star vs. black hole 
formation, SN Ia, pair instability supernova

Distance: challenges faced both near (and thus extremely 
bright) and far (dim)

Dust: heavy extinction increases priority of NIR monitoring

Location on sky: North vs. South, weather, etc. 
Many obstacles if SN occurs at RA where local sidereal 
time is overhead



First priority is to locate progenitor 
star before shock breakout

We will use ALL information to conduct an intelligent search 
and patrol likely candidates

Possible that we will not know which star will explode before 
shock breakout (SBO) in a large field (tens to hundreds of 
square degrees) thus intense monitoring is needed that can be 
analyzed afterwards.

Valuable information could be lost if not conducted properly!



Sk -69 202



SN 1987A



ANRV385-AA47-03 ARI 22 July 2009 3:51

surprisingly, not reliably determined, with estimates ranging from 7.5 to 10.2 Mpc (reviewed by
Hendry et al. 2005). It would be desirable to establish the distance more reliably, as the mass and
luminosity estimate of the progenitor is critically reliant on this estimate. Comparison with the
stellar evolutionary models show the progenitor is likely to have had an initial mass in the range
of 8+4

−2 M⊙. The progenitor’s estimated location on an HRD is similar to RSGs in Milky Way
clusters, with the Galactic stars shown for comparison in Figure 4. The metallicity at the site of
the explosion was probably around solar.

WFC F439W, F555W, F814W
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Progenitor stars of some core-
collapse supernovae have been 
detected in pre-explosion images.

Type II come from red supergiants.

Smartt (2009)



The Astrophysical Journal Letters, 739:L37 (5pp), 2011 October 1 Maund et al.

Figure 2. Observed SED of Source A, as measured from pre-explosion HST
WFPC2 (!) and ACS/WFC (•) images. An ATLAS synthetic spectrum for a
star with Teff = 6000 K and log(g) = 1.0 is shown in gray.

Figure 3. Observed U−B and V−I colors of Source A (the progenitor candidate
for SN 2011dh; ⋆) and the progenitor of SN 1993J (!), compared with the colors
of W-R stars (•) in M33 (Massey et al. 2006). All colors have been corrected
for foreground reddening.

The photometry was also compared with the synthetic SEDs
of clusters generated using Starburst99 (Leitherer et al. 1999)
yielding log(age/years) = 9.9 ± 0.1 with χ2 = 11.7 (dof = 2).
This age is significantly higher than the age of clusters observed
around the SN location (log(age/yr) < 7.5; Scheepmaker et al.
2009). This age is also inconsistent with the lifetimes of massive
stars MZAMS > 8 M⊙ that are expected to end their lives as
SNe. A further deficiency in interpreting the observed SED as
that of a cluster is the absence of Hα excess, with the observed
brightness in F658N being consistent with stellar continuum
(see Figure 2).

We compared the U − B and V − I colors of the progenitor
candidate to those of the observed population of Wolf-Rayet
(W-R) stars in M31 (Massey et al. 2006). All the W-R data have
been corrected for foreground Milky Way extinction. As can be
seen in Figure 3, the colors of Source A are not consistent with a
W-R star. Note that the colors of Source A are in the HST flight
system, which for the F435W , F555W , and F814W ACS filters

Figure 4. Hertzsprung–Russell diagram showing the luminosities and temper-
atures of the progenitors of SNe 2011dh (Source A; ⋆), 1993J (!; Maund et al.
2004; Aldering et al. 1994), 2008cn (•; Elias-Rosa et al. 2009), and 2009kr (";
Fraser et al. 2010; Elias-Rosa et al. 2010). Overlaid are stars stellar evolution
tracks for solar (red solid) and LMC (blue dashed) metallicities. The initial
mass for the progenitor candidate is estimated through comparison with the
luminosities of the end points of these tracks.
(A color version of this figure is available in the online journal.)

are consistent (to within our photometric uncertainties) with the
Johnson–Cousins filters. In the case of the U-band, however,
the difference between the F336W filter and the Johnson U
is non-negligible. Using synthetic photometry of Potsdam W-R
model SEDs (Gräfener et al. 2002), we find a U −F336W color
difference of 0.55±0.2 mag. Applying this to the progenitor, the
U − B color increases to 1.5 mag, which makes the discrepancy
between the W-R population even more marked.

Given the point-like nature and colors of Source A, we
conclude that Source A is consistent with an F8 supergiant
star. Utilizing a bolometric correction of (−0.013 ± 0.074)
and a color correction Johnson V − F555W = −0.01 ± 0.01,
derived from ATLAS spectra, we infer a luminosity for Source
A of log (L/L⊙) = 4.92 ± 0.20. The location of this object on
the Hertzsprung–Russell (H-R) diagram is shown in Figure 4
and compared with stars stellar evolution tracks (Eldridge &
Tout 2004). In deriving the mass estimate we use the final end
point luminosities for stars at the end of core C-burning (for a
discussion see Smartt et al. 2009 and their Figure 1) which yields
an initial mass of 13 ± 3 M⊙. The temperature of the progenitor
star is not representative of the star’s initial mass, as it may be
influenced by external factors such as interaction with a binary
companion (which affects the radius). The final luminosity is
dependent on the evolution of the core, whose size is dependent
on the initial mass of the star (hence, it is inappropriate to
compare the position of a progenitor star with the closest stellar
evolution track, which in this case would correspond to a star
that has just finished core H-burning). This mass estimate using
the STARS code is similar to the mass estimates derived using
other models that include rotation (see Smartt et al. 2009 and
their Figure 2). The object we have called Source A is the same
source identified by Van Dyk et al. (2011), however they derive
an initial mass of 18–21 M⊙.

3. THE EARLY CHARACTERISTICS OF SN 2011dh

Soon after the announcement of the SN discovery, a
wide European collaboration started a monitoring campaign

3

We compare observed properties with 
theoretical stellar tracks to derive the 
progenitor mass, but this is highly uncertain

Maund et al. (2011)



Walborn+ 1988

Lesson from SN 1987A: expect the unexpected! 
In this case, a blue supergiant progenitor



We’ve observed stars that undergo eruptions 
shortly before a supernova explosion

Data from Mauerhan+ 2013, Pastorello+ 2013 and Margutti, DM+2014 
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Arnett & Meakin (2011)

The close timing between outburst and core-collapse suggests a connection:

Interior structure of the progenitor star immediately prior to explosion may be 
very turbulent and mixed.



carbon-oxygen Wolf–Rayet star (WC or WO)10. Fast-moving ejecta
produce the broad lines of intermediate-mass elements, whose
width increases with time (from about 4,000 to 9,000 km s21),
whereas the slow-moving CSM produces moderately narrow (about
2,200 km s21) He I emissions. In addition to these prominent fea-
tures, weak, very narrow (,500 km s21) P Cygni absorptions attrib-
uted to He I and O I (and, possibly, Ha) are visible in the highest
resolution spectra, and are indicative of further undisturbed, slowly
moving shells originating from previous mass loss episodes (Sup-
plementary Information). Severe mass loss is necessary to remove
the outer helium and hydrogen layers, and to produce a massive
carbon-oxygen core.

The 2004 outburst of UGC 4904-V1 reached a peak magnitude of
MR < 214.1, and we offer a few possible explanations of the event.
Giant outbursts of LBVs14,15 are well documented transients with a
similar peak magnitude and sharp decline (Fig. 4 and Supplementary
Information). LBVs are massive blue stars that show significant
optical variability, due to unstable atmospheres and episodic mass
loss. The only Galactic star well observed during such an eruption isg
Carinae (in 1837–57; ref. 14), which has a current mass of approxi-
mately 90 solar masses (90M[) and an initial mass of around 150M[
(ref. 16). Other LBVs in the local Universe that have shown giant
outbursts of similar magnitude to UGC 4940-V1 are likely to have
had initial masses in the range 60–100 M[ (Supplementary Infor-
mation). However, despite the fact that the magnitude of the 2004
outburst of UGC 4904-V1 was similar to that of a typical LBV, an
LBV scenario raises two problems. It is at odds with current stellar
evolutionary theory, which predicts that massive stars do not
undergo core-collapse in the LBV stage, and also that the subsequent

Wolf–Rayet star should have a lifetime of more than 200,000 years
(refs 1, 2). Additionally, all the known LBVs that have undergone
outbursts still have hydrogen- and helium-rich atmospheres14,16

(Supplementary Information). The progenitor of SN 2006jc was dif-
ferent, because prominent hydrogen lines were not detected in early
supernova spectra (Fig. 3). One could then propose that the progen-
itor star has been a Wolf–Rayet star for this timescale, and that the
2004 event was an LBV-like eruption of a Wolf–Rayet star10. In this
case we need to invoke a novel explosion mechanism, as no carbon-
oxygen star has ever been observed to produce such a bright outburst.

It is unquestionable that SN 2006jc is not a typical supernova, and
hence this post-LBV channel is probably not the preferred one that
produces type Ib or Ic supernovae, and the rarity of such events could
be due to the high progenitor mass. If this scenario is true, then it has
interesting implications. A star of 60–100 M[ has a carbon-oxygen
core of mass 15–25 M[ as it enters the Wolf–Rayet phase1,2 (Sup-
plementary Information). The core-collapse of such an object is
predicted to form a black hole by fall-back, producing a low yield
of 56Ni and hence resulting in a very faint and under-energetic explo-
sion17. However, although powered by the ejecta–CSM interaction,
SN 2006jc is a high-luminosity event, and a plausible model for the
production of a bright supernova from a black-hole-forming core is a
jet-powered supernova2,17,18. Such events in helium- and hydrogen-
free stars are the working models for long duration c-ray bursts17.

a b

c d

Figure 1 | The transients UGC 4904-V1 and SN 2006jc. Sequence of images
of UGC 4904 rebinned to a pixel scale of 0.53 arcsec. a, r9 band image of UGC
4904 from the Sloan Digital Sky Survey obtained on 2001 December 20. No
transient is visible. b, Detection of UGC 4904-V1 on 2004 October 16 by K.I.
(magnitude 19.13 6 0.19), using a 0.60-m f/5.7 reflector and Bitran-CCD
(Kodak KAF 1001E). The transient was detected in five epochs between 2004
October 14 and 2004 October 23. The original image has a pixel size of
1.44 arcsec, and seeing of 2.2 arcsec. c, Another image obtained by K.I. (2006
September 21), showing no transient detection. d, R-band frame (original
pixel scale of 0.473 arcsec, seeing of 2.0 arcsec) taken on 2006 October 29
with the Asiago 1.82-m Telescope equipped with AFOSC. We find that the
two transients are coincident to within 0.1 arcsec, and the total error budget
(including the uncertainty in the position measurements and the error of the
geometric transformation) is 0.3 arcsec (see Supplementary Information).
The transient UGC 4904-V1 was not detected before 2004 October 2001 or
after 2004 November 2007, and it is not a moving object, as there is no
apparent motion between the five epochs in which it was detected.
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Figure 2 | Light curve of SN 2006jc. a, UBVRI light curves of SN 2006jc. No
significant colour evolution is visible from the available multiband
photometry. b, The R-band absolute light curve of SN 2006jc is compared
with unfiltered light curves of two similar interacting type Ibn events: SN
1999cq and SN 2002ao (refs 10, 11, 24). The phases are estimated from the
epochs of the approximated light curve maxima. The pre-explosion limit of
SN 1999cq was very close (,4 days) to the discovery epoch, which strongly
constrains the epoch of this explosion and suggests (at least for this
supernova) a very steep rise to maximum light, supporting the idea that
the ejecta are strongly interacting with a CSM. c, Comparison between the
quasi-bolometric (uvoir) light curve of SN 2006jc and those of a sample of
hydrogen-deficient core-collapse supernovae: SN 1999dn (normal type Ib,
S.B. et al., manuscript in preparation), SN 1994I (normal type Ic, ref. 25), SN
2002ap (high-velocity, moderate luminosity (‘peculiar’) type Ic, ref. 26), and
the hypernovae SN 2006aj and SN 1998bw (either associated with an X-ray
flash or a c-ray burst; refs 27–29 and references therein). The light curves of
SN 2006jc and hypernova SN 2006aj peak in-between the luminous
hypernova SN 1998bw and more normal type Ib/c supernovae, although the
ejecta–CSM interaction might power significantly the observed light curve of
SN 2006jc.
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Pastorello et al. (2007)

Koichi Itagaki detected 
an outburst from the 
progenitor system of 
the Type Ibn SN 2006jc 
two years before the 
supernova. 

SDSS
2001-12-20

KI 0.4m
2004-10-16

KI 0.4m
2006-09-26

Asiago 1.82m
2006-10-29

Koichi Itagaki
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Papaliolios+ (1988)



DIVISION OF PHYSICS, MATHEMATICS & ASTRONOMY 

Mapping SpeedField of View: Comparison (in cyan)
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Large localizations are no longer intimidating

Credit M. Kasliwal



Nakamura+ 2016



Cullingham+ 2018

Mukhopadhyay+ 2020

Firestone+ 2014

Nakamura+ 2016

An efficient search uses all information available

However, risk mitigation demands a strategy that combines
1) intensive monitoring of likely candidates with
2) wide and shallow monitoring to account for the unexpected

Pre-supernova detection Nearby “Dangerous”

Red supergiants
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Figure 2. Density profiles vs. radius (top) and vs. enclosed mass (bottom) at
the onset of core collapse; for a selection of models from the considered set of
solar-metallicity progenitors with iron cores. Solid lines correspond to ZAMS
masses less than 19 M⊙, dashed lines to higher values. Note that the stellar shell
structure and also the high-density core (ρ � 105 g cm−3) exhibit considerable
variations with the progenitor mass (see also Figure 4).
(A color version of this figure is available in the online journal.)

4–5 s (Raffelt 1996; Loredo & Lamb 2002; Pagliaroli et al.
2009). We emphasize that our 1D simulations, which ignore
postshock convection and yield standard values for the mean
energies of radiated νe and ν̄e (⟨ϵ⟩ ≈ 10–17 MeV), naturally
require overestimated postbounce neutrino fluxes to trigger
explosions. Since the neutrino emission of our PNS model
is roughly compatible with the SN 1987A data, we expect
that our calibration by SN 1987A explosion properties reflects
trends of neutrino-driven explosions whose validity for the
investigated progenitors in relative comparison holds beyond
the considered 1D setup. We also stress that our description of
the core behavior accounts for the presence of an accretion layer
surrounding the (excised) high-density core. The growth of this
layer depends on the progenitor-specific stellar structure and
corresponding mass-infall rate. Its accretion luminosity, which
adds to the analytically modeled core-neutrino luminosity, is
also included in our simulations by means of a simple, gray
transport approximation.

The progenitor structure therefore influences the postbounce
evolution in different ways. The density profile of the outer
Fe-core, Si-, and O-layers not only determines the mass-
accretion rate and thus the accretion luminosity but also
governs the shock stagnation radius because high/low accre-
tion rates damp/favor shock expansion. Moreover, according to
Equation (4) our PNS-core model connects the neutrino

Figure 3. Stellar masses at the onset of core collapse as a function of ZAMS
mass. Mass loss is particularly strong beyond ∼20 M⊙. The red histogram bars
indicate successful explosions, the gray shaded ones correspond to cases where
BHs form without an SN explosion, and the green bar marks the 19.8 M⊙
progenitor used for the calibration with SN 1987A observations (see the text).
(A color version of this figure is available in the online journal.)

emission of the PNS core to the growth of the accretion man-
tle of the PNS. Core and accretion luminosities conspire in
reviving and powering the shock wave, for which reason the
neutrino emission properties of the PNS (core and accretion
contributions) are crucial for the explosion. It is therefore clear
that the calibration of the PNS-core parameters by the explosion
properties of a chosen progenitor model cannot be independent
of the structure of this progenitor star. The fact that basic as-
pects of our results exhibit some robustness against variations of
the calibration model is assuring. However, this does not imply
that the predicted explosion properties could not change if the
core structure of the SN 1987A progenitor was considerably
different from the ∼20 M⊙ solar-metallicity stars and the blue
supergiant model used in our calibration tests. Metallicity ef-
fects, interaction in a binary scenario, or rotation and convective
boundary effects could have affected the mass-loss history and
thus could have altered the growth of the stellar core compared
to the progenitor models considered by us for calibration.

2.2. Progenitor Stars

Density profiles versus radius and mass for a subset of the
investigated 101 solar-metallicity progenitors with iron cores
(Woosley et al. 2002) are displayed in Figure 2. The models
are given in 0.2 M⊙ steps between 10.8 M⊙ and 28 M⊙ and
further up to 40 M⊙ in 1.0 M⊙ steps. We also include two
stars with 10.0 M⊙ and 10.2 M⊙. While the density profiles are
labeled with the zero-age main-sequence (ZAMS) masses, the
corresponding pre-collapse masses are visible in Figure 3. The
images show that mass loss is moderate up to 19.6 M⊙ (except
for the 10.0 M⊙ case) but grows considerably beyond that value.

The nonmonotonic star-to-star scatter is a consequence of the
turn-on and -off of convective shells during the late evolution
stages. The scatter can be seen in Figure 4 for different structural
parameters as functions of the ZAMS mass: the iron-core
mass, MFe, is identified with the deleptonized core, i.e., the
volume where the electron faction Ye < 0.497; the binding

4

Figure 3: Stellar masses at the onset of core collapse as a
function of ZAMS mass. The red histogram bars indicate suc-
cessful explosions, the gray shaded ones correspond to cases
where black holes form, and the green bar marks the 19.8 M�
progenitor used for the calibration with SN 1987A observations.
Adapted from Ugliano et al. (2012).

served as part of our Chandra and VLA Target-of-
Opportunity programs for the Type Ia SN 2011fe (at
the time the closest Type Ia supernova in 25 years)
in the same host galaxy M101 (Margutti et al. 2012;
Chomiuk et al. 2012). These observations led to
positive detections of SN 1970G at X-ray and ra-
dio wavelengths, which we reported on in Dittmann
et al. (2014). The new observations showed that
the supernova had experienced a dramatic re-
brightening in X-ray emission. The X-ray lumi-
nosity had increased by a factor of ⇠ 4 to LX =
(4.1 ± 1.2) ⇥ 1037 erg s�1. Interestingly, however,
the radio luminosity over a similar time period had
continued to decrease (Figure 2).

Because the increase in X-ray luminosity was not
matched by increases at radio wavelengths, the ob-
served behavior was inconsistent with strong SN-
CSM interaction. The drop-off in radio luminosity
indicated that the forward shock is no longer plow-
ing into a high-density CSM and may have entered
the local interstellar medium, no longer dominated
by interaction with material shed from the progeni-
tor star. Furthermore, accretion onto a stellar mass
black hole was deemed to be an unlikely origin for
the X-ray emission because emission at the Edding-
ton limit would imply an unusually small black hole

mass of MBH ⇠ 0.1 M�. Corroborating this conclu-
sion was the fact that no E > 4 keV X-ray photons
were detected.

Thus, we determined that the resurgence in X-ray
emission of SN 1970G to be most likely from the
birth of a new pulsar wind nebula. This is consistent
with the notion that SN 1970G is transitioning from a
SN and into a SNR, and that it is now at an advanced
enough stage that absorption by expanding ejecta
is negligible and X-ray emission associated with its
newly formed compact object can be observed di-
rectly. Gaensler & Slane (2006) suggest that PWN
have X-ray luminosities typically LX ⇠ 1035 erg s1,
with several orders of magnitude in variation ob-
served. While the emission detected from SN 1970G
is relatively high compared to what is expected from
a PWN, it is reasonable to assume that an extremely
young PWN would be more energetic than the gen-
eral, more evolved population.

Our findings for SN 1970G are not unlike those re-
cently reported by Long et al. (2012) for SN 1957D
in M83. Its X-ray luminosity (0.3-8 keV) is ⇡ 1.7⇥
1037 erg s�1, which is comparable to SN 1970G. The
X-ray spectrum observed from SN 1957D is hard
and highly self-absorbed, suggesting that the system
is dominated at X-ray wavelengths by an energetic
PWN. The high column density may be due to ab-
sorption within the SN ejecta.

4. Progenitor-remnant connection
Establishing robust connections between super-

nova progenitor stars and their compact remnant
products is a critical ingredient to understanding su-
pernova explosion mechanisms. Such connections
provide indispensable constraints on the physical
processes that trigger and power the onset of the ex-
plosion at the center of the SN, and serve as invalu-
able inputs for binary population synthesis calcula-
tions.

Knowledge of which progenitors give birth to neu-
tron stars and which ones to black holes is a cru-
cial progenitor-remnant connection. It was originally
believed that above some mass range (e.g., 20M�)
most/all massive stars would collapse to a black hole.
However, mounting observational and theoretical ev-
idence now supports the view that stars in this upper
mass range may avoid a black hole fate and instead
collapse to a neutron star (Ugliano et al. 2012).

3

Ugliano+ (2012)

There is no specific cutoff mass between neutron star and 
black hole formation

Sukhbold+ (2016)

Adams+ (2016)



Shock breakout: Shock driving the ejection 
of the SN envelope, expands and reaches 
the edge of the star, producing a bright X-
ray/UV flash on time scales of seconds to a 
fraction of an hour (see, e.g., Waxman & 
Katz 2017). This is followed by UV/optical 
emission from the expanding cooling 
envelope on a day time-scale. 

SBO can occur at larger radii within 
surrounding circumstellar material if 
significant mass loss prior to explosion (see 
Murase 2018).

Observing Shock Breakout

Nakamura+ 2016

Valuable information about the structure of the progenitor star (e.g. radius 
and surface composition) and of its mass-loss history is encoded in SBO.

IUE missed SBO in SN 1987A by approximately 35 hrs



SN 2008D was observed serendipitously in X-ray as 
core collapse occurred and SBO was observed

Soderberg+ (2008), but see also Mazzali+ (2008)

0.3-10 keV



SN 2016gkg was observed serendipitously by amateur Victor 
Buso as core collapse occurred and SBO was observed

Bersten+ (2018)



Second priority is to monitor across 
all electromagnetic wavelengths

VLA

radio UV/optical/NIR X-ray

NuSTAR

Chandra

Swift

Fermi

Hubble JWST

XMM-Newton

ATCA

MeerKAT
WSRT

ALMA

VLBI

NICER

INTEGRAL

ZTF

Gemini

SALT

VLT

Amateurs



“Most likely” observing strategy for 
core collapse supernova
• High cadence photometry and spectroscopy of event 

as evolving. UV spectra is especially important but 
potentially challenging.
• Data will inform about the explosion and the 

immediate circumstellar environment of the 
progenitor. 
• Spectropolarimetry at the highest resolution with high 

cadence. Early (hours) polarization data may show 
asphericity caused by the bipolar explosion.
• If nearby, AO observations to look for inner CSM that 

is illuminated by shock breakout or hit by the blast 
wave, or a companion star, or light echoes.  An AO-
fed slit spectrograph or IFU is ideal.



Probing pre-SN mass loss with “flash spectroscopy”

Extremely rapid spectroscopy (aka “flash 
spectroscopy”) obtained in the first hours 
to days after explosion shows emission 
lines that gradually fade. This is consistent 
with enhanced mass loss in SN progenitor 
systems that is overrun by the SN blast 
wave out to approximately 1015 cm.

Gal-Yam et al. (2014)

See also Groh (2014)
Terreran et al. (2017), 
Yaron et al. (2017)



Light echo spectroscopy can provide 3D information

Sinnott+ (2013)

SN 1987A

Credit: P. Challis

SN 1572

Krause+ (2008)

V838 Mon



“Recruiting from the human race”

How to coordinate?
• Infrastructure exists to coordinate observations: Target and 

Observation Manager (Street+ 2018), GROWTH marshall
(PI: Kasliwal), REFITT (Sravan+ 2020)

• At the very least participants can communicate planned 
and obtained observations (ATel, GCN) to limit duplication 
of effort leading to lost science opportunities

• Real challenge is to overcome competition for credit
• Goal is to have community alliance with agreed upon goals 

and shared data practices. Can be between individuals / 
groups / facilities.



Conclusions

We will use ALL information to conduct an intelligent search 
and patrol likely candidates

Observations of progenitor star before and during SBO is of 
high priority. 

Widespread coordination motivated by shared community 
goals will vastly improve scientific return of this once-in-a-
lifetime opportunity.

Thank You!


