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 Information Observers Will Need
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- Attitudes - Goodand Bad =

- The next Galactie-stnernova will.seso obvious that
, there is no need-tgpian followur
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We want to avoid a free-for-all...
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“ 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. :
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Neutrinos will prowde tlmlng wmdow for GW search
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Con5|derat|ons for GW FoIIow up
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Neutrinos will prowde tlmlng wmdow for GW search.

| ots of recent research into GW
signatures of core-collapse supernovae,

but much remains‘unknown. 4
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3 - . hd _Nakamura+ (2016) =

.. I | ‘ ‘ '? o3 \A
Will not be able to perform matched filtering,
thus excess power search centered around t=0
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Considerations for EM Follow up
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Nature of event: SN with neutron star vs. black hole
formation, SN la, pair instability supernova

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

Dust: heavy extinction increases pr|0r|ty of NIR monltorlng f

' / » '

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!
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- Progenitor stars of some core-
~collapse supernovae have been
detected in pre-explosion images.
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We compare observed properties with
theoretical stellar tracks to derive the

progenitor mass, but this is highly uncertain
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O | oo from-SN987A: expect the unexpected'
In this case, a que superglant progemtor
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~ We've observed stars that undergo eruptions
.. shortly before a supernova explosion
é . b : i

SN 2009ip Sep/Oct 2012
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The close timing between outburst and core-collapse suggestsa connection: -

0.0 10 15 20

Si-28 Mass Fraction Speed [1e+7 cm/s]

“Amett & Meﬁ_j (2011)
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Hubble Space Telescope
November 2003
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Hubble Space Telescope
November 2003
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PS1, 7 deg?

-

PTF/PTF, 7.3 deg?
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LSST, 9.6 deg? ZTF, 47 deg?

—+——1 deg

Credit M. Kasliwal
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An efficient search uses all information available -

“Dangerous”
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” However, risk mitigation demands a strategy that combines 3
. 1) intensive monitoring of likely candidates with
-»2)+ wide and shallow monitoring to account for the unexpected
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. Thereis n‘ospecific cutoff mass between neutron star and
o black hole formation
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Observmg Shock Breakout

Shock breakout: Shock drlvmg 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.
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* SBO can occur at larger radii within
* surrounding circumstellar material if

e e > .-+ significant mass loss prior to explosion (see
‘Nakamura+2016 - © 7"~ Murase 2018).

e d
.. 71 N -

- | Valuable information about the structure of the progenitor star (e.g. radius
T | and surface composition) and of its mass-loss history is encoded in SBO.
T Y T A
»” .~ » _ IUE missed SBOin SN 1987A by approximately 35 hrs :
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Log (time relative to bounce [s])
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SN 2008D was observed serendipitdusly in X-ray-as
~core collapse occurred and SBO was observed
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0.3-10 keV
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2008 January 7
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2008 January 9

i, ._LSoderberg+ (2008), but see also Mazzali+ (2008)
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~ SN 2016gkg was observed'serendipitdusly by amateur Victor -
Buso as core collapse occurred-and SBO was observed
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Extended Data Figure 2 | Series of discovery images of SN 2016gkg. combinations of five or six individual exposures. Labels on the lower left of
The supernova location is indicated in all panels with a white circle. each panel indicate the mean uT time of the images. Photometry from the

1 00 North is up and east is to the left. The bar in a indicates a scale of latter set of images is shown with blue diamonds in Fig. 1. Images obtained
20".a, A combination of 40 exposures obtained before the detection of by V.B.

me days after core Co”apse : the supernova. b-1, Sequence of images obtained during the initial ri
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~ Second priority is to monitor across .-
.. all electromagnetic wavelengths
ai N radio s - SR UVroptical/NIR . S _:').(—r,ay e SR “
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"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 spectrogra&h or IFU is ideal.
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Probfng pre-SN mass loss with “flash spectroscopy"

\ S \"(

—— SN 2013cu, 155 h

T i - 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 101> cm.
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e - How'to coordimate? | %

. 'I—hfraStru‘c.’cG're “.exist;s'tc;' c'cibrd.inété'ob;é.kvétic.)ns: Térget ané:l -
Observation Manager (Street+ 2018), GROWTH marshall
(Pl: Kasliwal), REFITT (Sravan+ 2020)

At the very least participants can communicate planned

and obtained observations (ATel, GCN) to limit duplication - e

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 /
oy groups / facilities.
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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.
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