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Delay time distribution (DTD): probability distribution of times between the
formation of a system and the occurrence of a specific event.

SFR burst at t=0
Events distribution
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DTD :Time distribution of the events (e.g., mergers)
following a formation burst



Why do we care about the DTD of binary neutron star (BNS) mergers?
 The DTD may teach us about the formation channel(s)

 The DTD (together with the kick velocity) determines the merger environment

* The DTD plays a major role in the effect of BNS mergers on the chemical evolution
history of r-process elements




Outline

* The expected DTD of BNS mergers

e DTD and the Galactic chemical evolution

* BNS merger DTD from observed Galactic BNS systems




The expected DTD of BNS mergers




The expected DTD of BNS mergers

merger DTD

Binary separation distribution
upon formation

t o< 1
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The expectation is roughly DTD « ¢t~ 1
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DTD and the Galactic chemical evolution




The Milkey Way star formation history
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Galactic chemical evolution of o elements

A knee — the end of CCSNe or the beginTy a SNe

Maoz & Graur 2017
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Galactic chemical evolution of o elements

The prediction of a homogenous close-box model with (almost) no free-parameters
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Galactic chemical evolution of r-process elements
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Suggests a dominant r-process source that follows the SFR, similar to CCSNe (e.g., Hotokezaka
et al 2018, and many others)

The main argument against BNS mergers as the dominant r-process sources



BNS merger DTD from observed Galactic BNS systems
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Almost all known Galactic BNS has a partially recycled pulsar
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If there are no selection effects, each of the observed time distributions 7, (if accurate
enough) and 7.y, provides an indepenndent measurment of the DTD

Possible types of selection effects and systematics:

* systematic inaccuracy in T,

e limited pulsar lifetime (without the pulsar the BNS is undetectable)

* A correlation between 7, and 7.y, and the probability for BNS detection — known

selection effects prevent detection of binaries with very short period (7 < 50Myr)




Characteristic age distribution
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1. BNS with partialy recycled pulsars
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Characteristic age distribution
A Uniform SFR starting at t,=10Gyr ago

Non-BNS: No merger within Hubble time - N — const if T, < 10Gyr, otherwise 0

dt.

BNS: DTD x t™% - ;i—TN o T7%t — 72t if . < 10Gyr, otherwise 0

1.4 S

igﬁgm}s i42}__ If BNS and Non-BNS partially recycled
pulsars are not fundamentally different:
1. 7.isareasonable age estimator
2. No sign of limited pulsar lifetime
3. The access of young BNS systems
(<300 Myr) is not a result of selection

| effects
j:_i* | |

108 10° 10'°

7 lyr] Suggests a significant population of <1 Gyr mergers

1.2

—t

=
0o

¢
=
o

o
=~

dN/dr_ [arbitrary units]

=
Mo

o



Gravitational wave lifetime (time till merger)
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A single power-law
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2 power-laws
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power-law + exponential cut-off
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Characteristic age distribution
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Implications for chemical evolution of r-nrocess elements
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Conclusion

 Two different time scales of the observed Galactic BNS point at a dominant short-
lived BNS population and a sub-dominant population with: DTD o t~1

* In this picture, the total fraction of BNS systems a lifetimetime < 1Gyr is larger than
90%.

* If thereissuch a populationtion of prompt mergers it may be the source of the
observed chemichal evolution of r-process elements.
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