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Kilonovae

Optical/IR signatures of neutron star mergers
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- Important for cosmology (help pin-point GW "standard sirens”). Can they also
be “standardizable” candles?

- Are neutron star mergers dominant sites for heavy element nucleosynthesis?
- What is the kilonova luminosity function?

- What is the rate of binary neutron star and neutron star-black hole mergers
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Kilonovae appear to be
fast and rapidly reddening transients
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Zwicky Transient Facility Survey

Selected fields
> 24,000 deg?
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A transient with...alerts

ZTF alerts only
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The same transient with...
forced photometry

Forced photometry
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The same transient with...
stacked forced photometry

Nightly-stacked forced photometry
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Results

11,202 candidates from both galaxy-targeted and all-sky searches
24 candidates pass our strict selection criteria

Mostly Galactic foreground sources (cataclysmic variables)

A couple of special ones...
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Serendipitous discovery of a GRB afterglow at z=1.86
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A cosmological afterglow?

Forced photometry is
available, link in the paper
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Results from 23 months of ZTF searches

11,202 candidates from both galaxy-targeted and all-sky searches
24 candidates pass our strict selection criteria

Mostly Galactic foreground sources (cataclysmic variables)

A couple of special ones

0 viable kilonovae

Can we calculate the kilonova rate given a non-detection?
~YES!

We can constrain the kilonova rate given
a number of models and assumptions
on the luminosity function
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Kilonova rates

We injected synthetic kilonova light curves and calculated the rates
based on the simulated transient recovery

Grids of rates for several parameter spaces and models including
Top hat model; Linear decay model; Radiative transfer simulations

1 detection
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Kilonova and neutron star merger rates

ZTF 1

DES

ATLAS 1

DLT40+

PTF 1
GW170817 1
GW170817+GW190425
Coward+121
Fong+15H
DellaValle+18
Jin+181
Dichiara+20 1
Chruslinska+18
Kalogera+04
Kim+15+

B This work
[ Optical survey KN

1 GW BNS mergers
1 short GRB

[ Population synthesis
[ 1 Galactic double NS

R<1775Gpc 3y"1 |

i R <24000 Gpc~3y~1 |

! R < 30000 Gpc~™3y~1 |

i R <99000 Gpc™3y~1

R <800 Gpc~3y~1 |

| 320 <R <4740Gpc~3y~1 |
| 250 < R <2810Gpc 3y~ 1 |

5<R<1800Gpc 3y 1 |

| 90 <R <1850 Gpc=3y~1 1
| 71 <R <1162 Gpc—3y~1 |
| :

|- 452 < R <2541 Gpc-3y~1

[60 <R <-360-Gpc™3 y~1-]
| | 300 < R-<-1200 Gpc=3y~1
\ 169 < R <2921 Gpc—3-y~1 \
[ 70 <R<490-Gpe=3y~1 ]

102 103 104
Neutron star merger rate [Gpc~ 3y~ 1]

Andreoni et al., accepted for publication in ApJ, arXiv:2008.00008

10°




Kilonova and neutron star merger rates

ZTF 1

DES

ATLAS 1

DLT40+

PTF 1
GW170817 1
GW170817+GW190425
Coward+121
Fong+15H
DellaValle+18
Jin+181
Dichiara+20 1
Chruslinska+18
Kalogera+04
Kim+15+

B This work
[ Optical survey KN

1 GW BNS mergers
1 short GRB

[ Population synthesis
[ 1 Galactic double NS

R <1775 Gpc‘3;y‘1 |

i R < 24000 Gpoc~™3v~1 |

in ~2 more years of ZTF

c-3y~1

ot PRI Y S I Sy

R <800 Gpc~3y~1
| 320 <R <4740Gpc~3y~1 |

250 <R - pcC 1Y

\

5 <R <1800 GpcF3y 1 ]

|
| 90 <R<1850Gpc 3y 1 |
| 71 <R <1162Gpc 3y 1 |
|
|

! |- 452 < R <2541 Gpc-3y~1

pc 3y

|
| 169 < R

1 300 < R < 1200 Gpc~3y~1
2921Gpc-3y-1 |

70 < R-<-490 Gpc—3y+1-]

i o [ e e [

103 10% 105

Neutron star merger rate [Gpc~ 3y~ 1]

102

Andreoni et al., accepted for publication in ApJ, arXiv:2008.00008




ZTFReST

ZTF Realtime Searching and Triggering

Andreoni & Coughlin et al., in prep

upper limits O growth-astro/ztfrest

Near real-time
implementation of the search
methods used in
Andreoni+20d;
automatic triggering of
follow-up photometry with
LCO telescopes
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How can we find more kilonovae &_ |
serendipitously in ZTF? Nt
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Take,—away

Many open questions remain about kilonovae and neu

bjers’

Systematic searches in ZTF constrained the rate of
GW170817-like kilonovae to be R<1775 Gpc® y:!
can tell us something about the neutron star me

With ZTFReST and other new programs, the ZIR
collaboration is better placed than eve
kilonovae in real time

Our knowledge wiII,‘greatIy improve t
and un-triggered searches in the next
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