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The Dynamic Optical Sky:
False Positives

Solar System
Milky Way

Far-off Galaxies
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Spectroscopy
KECK/HET/SALT
Gemini/Subaru/VLT/LBT/Magellan

HETDEX/LAMOST/BIGBOSS

GMT/TMT/ELT

Mansi M. Kasliwal / What comes next for LIGO

GEMINI

11

May 7, 2015

12

27004 candidates in subtraction images
26960 are NOT known asteroids
4214 are astrophysical with machine learning score > 0.1
2740 do NOT have a quiescent stellar source
43 are detected in both visits and presented to human scanners
7 are deemed high-value by humans and saved with an iPTF name
3 are scheduled for follow-up spectroscopic observations

1 is the true afterglow
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Singer et al. 2013

Needle in 70 deg2 haystack
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L. Singer, PhdT 2014

Demonstrated Eight times…
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GROWTH: Global Relay of Observatories
Watching Transients Happen

Proposed to NSF PIRE
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Metzger et al.
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Figure 1. Radioactive heating rate per unit mass Ė in NS
merger ejecta due to the decay of r-process material, calculated
for the Ye = 0.1 ejecta trajectory from Rosswog et al. (1999)
and Freiburghaus et al. (1999). The total heating rate is shown
with a solid line and is divided into contributions from β−decays
(dotted line) and fission (dashed line). For comparison we also
show the heating rate per unit mass produced by the decay chain
56 Ni → 56 Co → 56 Fe (dot-dashed line). Note that on the ∼ day
timescales of interest for merger transients (t ∼ tpeak ; eq. [3])
fission and β−decays make similar contributions to the total rprocess heating, and that the r-process and 56 Ni heating rates
are similar.

Figure 2. Final abundance distribution from the fiducial model
with Ye = 0.1 (Fig. 1), shown as the mass fraction versus
mass number A. Measured solar system r-process abundances are
shown for comparison with black dots. They are arbitrarily normalized to the computed abundances for A = 195.

Scenario III:
Infrared Transient Only

corresponding to a spectral peak at optical/near-UV wavelengths.

3
3.1

weeks) is one of the defining characteristics of kilonovae from
NS mergers.
Provided that the radioactive power can be approximated as a decreasing power-law in time Q̇ ∝ t−α with
α < 2, the brightness of the event depends most sensitively
on the amount of radioactive!heating that occurs around
timescale
tpeak
: Qpeak
= fort LIGO
Q̇dt ≈ Q̇(tpeak )tpeak =
Mansi M.the
Kasliwal
/ What
comes
next
peak

f Mej c2 , where f # 1 is a dimensionless number (LP98).
Parametrized thus, the peak bolometric luminosity is approximately

RADIOACTIVE HEATING
Network Calculations

In this section we present calculations of the radioactive
heating of the ejecta. We use a dynamical r-process network
(Martı́nez-Pinedo 2008;Petermann et al. 2008) that includes
neutron captures, photodissociations, β−decays, α−decays
and fission reactions. The latter includes contributions from
neutron induced fission, β delayed fission, and spontaneous
fission. The neutron capture rates for nucleiMay
with7,
Z 2015
! 83 are
obtained from the work of Rauscher & Thielemann (2000)
and are based on two different nuclear mass models: the
Finite Range Droplet Model (Möller et al. 1995) and the
Quenched version of the Extended Thomas Fermi with
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Potential for Infrared Surveys?
Proposed

WFCAM on UKIRT
0.2 deg2 on 3.8m
WISE
VIRCAM on VISTA
0.6 deg2 on 4.1m
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SPIRITS:

SPitzer InfraRed Intensive Transients Survey
Awarded: 1130 Spitzer Hours

Mid-IR Luminosity (Abs Mag Ch 1)

-20

Supernovae

Type IIb (SN2011dh)

Years 2014-2016

Type Ia (SN2014J)

-15

190 Galaxies x 3 epochs

Intermediate Luminosity Red Transients

110 nights/yr of near-IR imaging
-10

66 nights/yr of optical imaging

dust-dominated (V1668 Cyg)

33 nights/yr of spectroscopy

Novae
metal-dominated (QU Vul)

-5
10

100
Time Since Explosion (Days)
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40+ transients/yr
1200+ variables/yr
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WFIRST-AFTA ToO:

Amar G. Bose Research Grants

Barnes & Kasen 2013, Kasen et al. 2013

Kilonovae from Neutron Star Mergers
neutrons into the surroundings. These neutrons
collide with circumstellar material, and penetrate
A WFIRST-AFTA ToO Trigger:
into the nuclei of surrounding atoms. Such rapid
neutron capture results in the production of
Era of 3-5 advanced gravitational wave
radioactively unstable heavy isotopes near the
Interferometers at full sensitivity
bottom of the periodic table. In fact, it is now
believed that most of the gold and platinum in
~30 mergers localized to <6 sq deg in 5 yr
the universe were formed via this process.

decay ToO:
of the heavy elements
A 27Radioactive
hour WFIRST-AFTA
produced
above xwill
heat the (24-25
post-merger
J+H imaging
5 epochs
mag)debris,
causing
it to glow for one
a few days.
Being
Grism spectroscopy
x 1toepoch
(22 mag)
full
ultra-heavy
the debris
should be
IFU of
spectrum
x 1elements,
candidate
(25 mag)
very opaque at optical wavelengths, and the
balance
of radiation
emerge at near-infrared
See
Hirata,
Kasliwal will
& Nissanke,
wavelengths
microns. This IR flux
white
paper of
for0.8-1.5
WFIRST-AFTA
exceeds the red visible light by a factor of
Figure 2: Theoretical spectra of neutron-rich ejecta
10-100x; the blue optical
flux is 100x
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from a neutron star merger, as a function of time
It is therefore widely agreed that the optimal
after the event. Red shaded region shows the
LIGO search strategy is to construct an infrared
bandpass of InGaAs IR detectors while blue shade

