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ABSTRACT

The rate and location of Binary Neutron Star (BNS) mergers are determined by a combination of the

star formation history and the Delay Time Distribution (DTD) function. In this paper, we couple the

star formation rate histories (SFRHs) from the IllustrisTNG model to a series of varied assumptions for

the BNS DTD to make predictions for the BNS merger host galaxy mass function. These predictions

offer two outcomes: (i) in the near term: influence BNS merger event follow-up strategy by scrutinizing

where most BNS merger events are expected to occur and (ii) in the long term: constrain the DTD for

BNS merger events once the host galaxy mass function is observationally well determined. From our

fiducial model analysis, we predict that 50% of BNS mergers will occur in host galaxies with stellar

mass between 1010−1011 M�, 68% between 4×109−3×1011 M�, and 95% between 4×108−2×1012

M�. We find that the details of the DTD employed does not have a strong effect on the peak of the

host mass function. However, varying the DTD provides enough spread that the true DTD can be

determined from enough electromagnetic observations of BNS mergers. Knowing the true DTD can

help us determine the prevalence of BNS systems formed through highly eccentric and short separation

fast-merging channels and can constrain the dominant source of r-process material.

Keywords: neutron star merger, gravitational waves, methods: numerical, stars: neutron, binaries:

close

1. INTRODUCTION

Since the first discovery of gravitational waves by

LIGO (Aasi et al. 2015), a growing number of compact

object mergers have been detected. To date, two detec-

tions have been confirmed as binary neutron star (BNS)

mergers (Abbott et al. 2017a, 2020). Of these two, the

BNS event GW170817 was detected across the electro-

magnetic spectrum (Abbott et al. 2017b), beginning the

age of multi-messenger astronomy.

Within the next few years we expect tens of new BNS

mergers events to be observed by LIGO, Virgo (Acernese

et al. 2014) and KAGRA (Akutsu et al. 2019), broad-

ening our understanding of BNS systems and their host

galaxies Abbott et al. (2018). Developing a clearer un-

derstanding of the link between BNS merger events and
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their host galaxies is useful for multiple reasons in both

the short and long term.

In the short term, having clear predictions for the

BNS host galaxy mass function could inform follow-

up strategies for future BNS merger events detected

by LIGO/Virgo/KAGRA. Locating the electromagnetic

counterpart of GW events is difficult owing to narrowly

peaked observability windows and large localization ar-

eas (Smartt et al. 2017; Metzger & Berger 2012). GW

localizations can extend tens-to-hundreds of square de-

grees, making them impractical to completely cover in

a reasonable time after the initial event with most tele-

scopes (Gehrels et al. 2016; Bartos et al. 2013; Bartos

et al. 2015, 2018, 2019a). Long-term radio emission

could allow sufficient time for follow-up observations,

but this will only be possible for nearby events within

dense circum-merger media (Bartos et al. 2019b; Lee

et al. 2020; Grandorf et al. 2021).
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GW follow-up strategies have taken two approaches

to search the localization area more efficiently: covering

the entire area or targeting galaxies (e.g. Bartos et al.

2014; Arcavi et al. 2017; Chan et al. 2018; Antier et al.

2020). Covering the entire localization area increases

the likelihood of imaging the correct host galaxy, but

risks missing the transient owing to the limited expo-

sure times. Soares-Santos et al. (2017) used this method

to successfully locate the kilonova after GW170817 by

covering 80.7% of the probability weighted localization

area. In contrast, targeted follow-ups use galaxy cat-

alogs to preferentially search galaxies based on select

criteria (e.g. galaxy blue luminosity), potentially re-

ducing the required number of pointings by a factor of

10 to 100 and increasing exposure times (Gehrels et al.

2016; Ducoin et al. 2020). This strategy was used in

the first successful detection of the optical counterpart

of GW170817 (Coulter et al. 2017). However, it is more

likely that targeted strategies will miss the event if the

BNS merger takes place in a less-massive galaxy. Effi-

cient follow-up strategies are important for maximising

the chance of identifying the electromagnetic counter-

part with limited observations. One way to achieve this

is to build a clearer understanding of the expected host

galaxy mass function for BNS mergers.

Longer term, the link between BNS merger events and

their host galaxies can help determine the dominant for-

mation channel of r-process material by constraining the

true BNS Delay Time Distribution (DTD) (Marchant

et al. 2016; Barrett et al. 2018; Mapelli et al. 2019; San-

toliquido et al. 2020; McCarthy et al. 2020). Specifically,

while core-collapse supernovae (SNe) and BNS mergers

have been proposed as r-process formation channels, the

dominant r-process production channel must be able to

recreate the observed decreasing trend in Eu/Fe vs Fe/H

(Matteucci et al. 2015). BNS mergers must produce

r-process elements in less than 100 Myr to dominate

r-process element production (Hotokezaka et al. 2018;

Côté et al. 2017), and in less than 1 Myr – with a steep

cutoff slope – to be the source of all r-process material

(Matteucci et al. 2015). While it is possible for BNS

systems to merge in this time (Safarzadeh et al. 2019b),

they require highly eccentric orbits from high-velocity

kicks or low initial separation from case BB mass trans-

fer, both of which may not occur in BNS formation (Tau-

ris et al. 2017). These models also predict a shallower

DTD based on the current understanding of BNS for-

mation channels (Giacobbo & Mapelli 2019; Simonetti

et al. 2019; Safarzadeh & Berger 2019).

Current stellar populations synthesis models suggest

BNS DTDs are best modelled by power law distributions

with an exponent between -1 and -1.5 (Simonetti et al.

2019) and the minimum time from creation of the bi-

nary system to merger (tmin) between 1 Myr to 1 Gyr

(e.g. Simonetti et al. 2019; Safarzadeh et al. 2019b).

These models assert that the main formation chan-

nel that forms BNS systems begin with two OB stars

that are close enough to undergo mass transfer (Tau-

ris et al. 2017; Giacobbo & Mapelli 2018; Safarzadeh

et al. 2019b). The rest of the systems are born through

so-called fast-merging channels where a binary system

forms with either a high eccentricity through large natal

kicks, or with a small initial separation through unstable

case BB mass transfer (Tauris et al. 2017). If the BNS

DTD could be observationally constrained, it would not

only shed light on the physical formation channels (fast-

merging vs. OB star mass transfer), but could also help

constrain progenitor metallicity, common-envelope effi-

ciency, natal kicks, mass ratio, and initial binary sep-

aration through comparisons with population synthe-

sis codes (Giacobbo & Mapelli 2018; Belczynski et al.

2018; Dominik et al. 2012). Constraining the BNS DTD

may be one of the best and most practical ways to

constrain the physical origin and implications of BNS

merger events.

Taken over a whole galaxy, the rate of BNS merger

events can be determined by convolving the DTD with

the star formation rate history (SFRH). Metallicity is

also accounted for in some models, but has been found

to play a minor role in influencing the DTD (Mapelli

et al. 2019; Giacobbo & Mapelli 2019; Côté et al. 2017;

Giacobbo & Mapelli 2018). Previous studies have mea-

sured the BNS merger rate using SFRHs derived from

EAGLE and Illustris cosmological simulations (Artale

et al. 2019; Mapelli et al. 2018, 2019), the FIRE zoom-

in simulation (Lamberts et al. 2018), dark matter only

simulations (Marassi et al. 2019; Cao et al. 2018), or

from semi-analytical models (Adhikari et al. 2020; Tof-

fano et al. 2019) with population synthesis codes or an

assumed DTD. Each of these models provide a different

SFRH for the galaxies in that simulation which provide

different distributions for BNS mergers given the same

DTD.

In this paper, we use the IllustrisTNG simulations

to make predictions for the BNS merger host galaxy

mass function. This extends the work that which has

been presented in (Mapelli et al. 2018) and (Artale

et al. 2019) by focusing on the uncertainty/variation

introduced by variations in the assumed DTD. More-

over, we consider here how in the future an observed

BNS host galaxy mass function could be used to con-

strain the real/underlying DTD. To do this, we take

as input the IllustrisTNG galactic SFRHs – which are

known to match a wide range of observed galaxy prop-
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erties and galaxy scaling relations – and employ varied

assumptions about the BNS DTD. Our chosen SFRHs

and DTDs allow us to demonstrate the galactic masses

at which we expect most BNS mergers to occur, as well

as to identify the level of variation that would be induced

based on changes to the BNS DTD.

The structure of this paper is as follows. In Section §2
we outline our methods including a brief description of

the IllustrisTNG simulations, our adopted DTDs, and

our methods for calculating the galaxy-by-galaxy BNS

merger rate. In §3 we present our main results including

predictions for the BNS merger host galaxy mass func-

tion and the sensitivity of this prediction to the assumed

DTD. In §4 we discuss the implications of our results.

Finally, in §5 we discuss our results and conclude.

2. METHODS

In this paper, we make predictions for the BNS merger

host galaxy mass function by adopting SFRHs from cos-

mological simulations and DTDs from basic stellar pop-

ulation synthesis models.

2.1. Delay Time Distributions

Generally, the current BNS merger rate for any galaxy

is given by convolving its SFRH with the appropriate

DTD. The BNS merger rate for any collection of mate-

rial (e.g. galaxy, volume, etc.) is given by

r(t) =

∫ t

0

ψ(τ)Γ(t− τ, Z)dτ (1)

where ψ is the star formation rate, Γ(t − τ, Z) is the

DTD, and the integration is performed from the Big

Bang (t = 0) to the time of observation, t (e.g. Maoz

et al. 2012). The metallicity dependence, Z, in Γ is

only present in some DTDs, otherwise the DTD takes

the form Γ(t − τ). In the case of cosmological galaxy

formation simulations, this can be reduced to a sum over

contributions from all relevant stellar populations

r(t) =
∑
j

MjΓ(t− tj , Zj) (2)

where the sum is performed over all stars (or stellar pop-

ulations) in the region of interest (e.g. within a specific

galaxy), Mj is the mass of each stellar particle or stel-

lar population, tj is birth time of that stellar population

such that t−tj is the age of the stellar population, and Zj

is the metallicity of the stellar population. For any cos-

mological galaxy formation simulation, the BNS merger

rate is easily evaluated once a BNS DTD is specified.

2.2. Power Law DTD

In this paper, we adopt two fiducial DTDs: (i) a sim-

ple paramaterized power law and (ii) the metalicity de-

pendent DTD from BPASS (Eldridge & Stanway 2016).

The power law DTD is given by

Γ(t− tj) =

0 t− tj ≤ tcut
Γ0(t− tj)s t− tj > tcut

(3)

where Γ0 is a normalization coefficient, s is the power

law index, and tcut is the minimum time/age before the

first BNS merger event occurs. Figure 1 shows our fidu-

cial power law DTD (s = −1; tcut = 107 yrs). In ad-

dition to our fiducial power law DTD, we also consider

DTDs that have varied power law exponents ranging

from s = −2 to s = 2 and cutoff times ranging from

tcut = 0.001 Gyr to tcut = 10 Gyr.

2.3. BPASS DTD

In addition to using a simple power law DTD, we

adopt our second fiducial DTD from BPASS (Eldridge

& Stanway 2016) as shown in Figure 1. BPASS is a stel-

lar population synthesis code which follows the evolution

of a large suite of varying binary stars (Eldridge et al.

2008; Eldridge & Stanway 2016). The critical feature

of BPASS that is important for this paper is that the

simulated stellar population matches the observed pop-

ulation of binaries in abundance along with supernovae

progenitors and rates (Eldridge et al. 2008, 2013, 2015;

Eldridge & Stanway 2016). The remnants of supernova

can have a mass in the full range between .1 and 300

M�, allowing for more realistic evolution of these sys-

tems. The simulation also encompass a wide range of

stellar metalicities which has been shown to potentially

affect (albeit weakly) the DTD of BNS mergers (e.g.

Mapelli et al. 2018). The final time for the BNSs to

merge in BPASS is then the sum of the progenitor stars’

evolution and the in-spiral time once the BNS system

has formed (Eldridge & Stanway 2016). The tabulated

BPASS BNS merger rates are a function of stellar pop-

ulation age and metallicity, Γ(t − tj , Zj), which can be

employed in conjunction with Equation 2 to determine

the total BNS merger rate.

We note that the overall normalization for all of our

DTDs (Γ0, in the case of the powerlaw DTD) can be

specified to match the expected global rate of BNS

mergers. However, its exact value is not important to

the present work as we are only interested in the rel-

ative/normalized distribution of BNS merger events as

a function of galaxy mass. We therefore normalize the

total BNS merger rate across the entire simulation box

to unity for each DTD individually. To achieve this, we

divide the rate for an individual galaxy, j, by the rate
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Figure 1. (left) The two fiducial DTDs shown as the BNS merger rate vs time. The BPASS DTD is split into two lines to
show the range covered by the DTD as the metallicity of the host star changes. (right) The normalized BNS merger rate for
the two fiducial DTDs as a function of the host galaxy stellar mass. The solid line shows the merger rate given the power law
DTD with an exponent of s=-1 and tcut=0.01Gyr. The dashed line shows the merger rate given the BPASS DTD. Both merger
rates have been normalized individually such that the total merger rate across the simulation for the given DTD is unity. The
shaded bands show the mass range which contain 50, 68, and 95 percent of the mergers around the peak merger rate for the
fiducial power law DTD. The arrow points to the host galaxy mass of the only BNS merger with a detected electromagnetic
counterpart so far.

of the entire box for the given DTD, Γ. The normalized

form of Equation 2 becomes

Ri(t) =
ri(t)∑

kMkΓ(t− tk, Zk)
(4)

where ri represents the BNS merger rate for an individ-

ual galaxy given by equation 2, and the denominator

sums over the rates of all galaxies (k) in the simulation

box.

We linearly interpolate across the ages and metal-

licities presented in Eldridge & Stanway (2016). We

do not extrapolate outside of the provided metallicity

values; all stars with Z ≤ 0.0001 follow the DTD for

Z = 0.0001 and all stars with Z ≥ 0.014 follow the

DTD for Z = 0.014. The BNS merger rate is then cal-

culated using Equation 4. The BPASS DTD includes

information on natal kicks from the initial supernovae.

For each supernova, the kick velocity and direction are

determined from Hobbs et al. (2005). For more informa-

tion, see Eldridge et al. (2011). There are no natal kicks

included in the calculation of the power law delay time

distributions, including the fiducial power law model.

Thus, the power law DTDs are fully specified with two

parameters controlling (i) the time of BNS mergers on-

set and (ii) the subsequent BNS merger rate evolution.

2.4. The IllustrisTNG Simulation Suite

In order to calculate the BNS merger rates, we

adopt SFRHs from IllustrisTNG simulation (Pillepich

et al. 2018; Nelson et al. 2018a; Marinacci et al. 2018;

Springel et al. 2018; Naiman et al. 2018). Illus-

trisTNG is a suite of cosmological hydrodnamical simu-

lations which includes a comprehensive galaxy formation

model (Pillepich et al. 2018; Weinberger et al. 2017) and

builds upon the original Illustris model (Vogelsberger

et al. 2013; Torrey et al. 2014). The critical feature

of the IllustrisTNG simulations for this paper is that

the simulations have been shown to broadly reproduce

the cosmic star formation rate density and the redshift-

dependent galaxy stellar mass function (Pillepich et al.

2018; Springel et al. 2018; Nelson et al. 2018b). These

tests give confidence that both the global and galaxy-

by-galaxy star formation histories produced by Illus-

trisTNG reasonably match those of the Universe.

While it is possible that the constraints for any given

galaxy differ from a “real” galaxy, when averaged over

a large enough sample the trends are well matched.

Specifically, we employ the TNG-100-1 simulation which

includes a 100 Mpc cubed volume with hundreds-of-

thousands of galaxies with varied SFRHs and self-

consistently evolved metallicity distributions. All stellar

particles are used in equation 4 to calculate the normal-

ization, but results are only presented for galaxies down

to a stellar mass of 107M�. We use the full information

from the simulated galaxy populations including the age

and metallicity distribution to evaluate the BNS merger

rate.

3. RESULTS
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Figure 1 shows the DTDs (left) and host galaxy mass

function (right) for our two fiducial setups. The DTDs

follow the same general form with mergers being most

likely shortly after tcut then dropping with increasing

time. The main difference comes from the metallicity

dependence in the BPASS DTD. Owing to the similari-

ties in the DTDs, the resulting BNS merger host galaxy

mass functions are remarkably similar. In particular, we

find that the peak of BNS mergers occurs in host galax-

ies with stellar masses around M∗ = 5 × 1010 M� and

that half of the mergers occur in galaxies with masses

between 1010M� < M∗ < 1011 M�. Despite the sig-

nificant added complexity of the BPASS models, the

predicted BNS host galaxy mass function is not signifi-

cantly different from the power law DTD. Additionally,

the mass of the host galaxy from GW170817 (Blanchard

et al. 2017) is indicated with a downward facing arrow

in the right panel of Figure 1. While it is a sample size

of one and should not be over-interpreted, we note that

GW170817’s host galaxy mass is in the peak region of

expected BNS host galaxy masses for both of our fiducial

DTD models.

Figure 2 shows the host galaxy mass functions for the

power law DTDs with varied power law exponents and

tcut. For completeness, we explore a large range of values

for the power law exponents and cutoff times tcut which

go beyond what is believed to be physically correct (Côté

et al. 2017). These values are included to demonstrate

the variation in host galaxy mass functions which would

result from varied DTDs. Even with this large spread

of DTDs, we find that the results shown in Figure 1 are

broadly stable. In particular, despite the very significant

variation in the DTDs, all cases show a peak BNS merger

rate that occurs in galaxies with a stellar mass in the

range 1010-1011 M�.

The DTD for which s = 0 is of particular interest in

Figure 2 because it tracks the total stellar mass found

in each mass bin – nearly independent of star forma-

tion history.1 Owing to the shape of the simulated (and

observed) galaxy stellar mass functions, the peak of the

stellar mass distribution is in galaxies with stellar masses

between 1010 and 1011 M�. Therefore, the majority

of BNS mergers for this DTD are also found in that

mass range. Importantly, because the predicted host

galaxy mass function for a DTD with power law index

of s = 0 is nearly independent of galactic formation

history, this result is not very sensitive to the detailed

SFRHs predicted by IllustrisTNG, but only the shape of

1 There is a dependence on the amount of stellar mass that formed
in the past tcut = 10Myrs, but this is expected to be only a
∼ 0.1% correction.

the galaxy stellar mass function. Insofar as other simu-

lations or models reproduce the same galaxy stellar mass

functions, their predicted host galaxy mass function for

s = 0 would be nearly identical.

Changing the power law exponent to values away from

s = 0 introduces a direct dependence on the assumed

star formation history by placing emphasis either on

the older or younger stellar populations. Specifically,

power law exponents higher than s = 0 lead to system-

atic changes in which the host galaxy mass function is

biased toward galaxies with older stellar masses. This

naturally results in a shift of the peak in the host galaxy

mass function toward older, more massive systems. Con-

versely, changing the power law exponent to values lower

than s = 0 (which is the more physical case) biases the

host galaxy mass function toward systems with younger

stellar populations. Thus, as the power law exponent

is decreased, there is an expectation that an increasing

number of BNS mergers occur in low mass galaxies with

current or recent ongoing star formation. For a fixed

DTD, the detailed shape that we predict for the BNS

merger host galaxy mass function is dependent on the

IllustrisTNG galaxy stellar mass function and SFRHs,

and therefore should be checked against other models

(e.g. EAGLE, SIMBA, etc.). However, owing to obser-

vational constraints provided by the cosmic star forma-

tion rate density and redshift dependent galaxy stellar

mass functions, we do not expect these results to sub-

stantially change.

Despite the stability in the the peak of the host mass

function across different DTDs, there is still significant

spread in the resulting host mass functions at other

masses. For example, when examining the BNS merger

rate in galaxies with a host mass near 109, the BNS

merger rates differ by 1-dex between the s = 2 and

s = −2 DTDs with a fixed tcut. There is an even greater

spread in the highest mass systems where the merger

rate differs by 2-dex between the s = 2 and s = −2

DTDs. A similar range in host mass functions occurs

across the different tcut values at a fixed value of s. The

predicted variability in host galaxy mass functions sug-

gests that as GW BNS detections with EM follow-up ob-

servations mount, a careful comparisons of observed and

predicted host galaxy mass functions could be used to

constrain the true DTD for BNS mergers. These results

agree with Safarzadeh & Berger (2019) and running KS-

tests on our power law host mass functions also results

in O(1000) observations being required to determine a

true DTD.

When optimizing BNS merger event follow-up, a ques-

tion arises of which galaxies should be targeted first.

While Figures 1 and 2 indicate that most BNS mergers
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Figure 2. The individually normalized BNS merger rates as a function of stellar mass for varied power law exponents (left) and
varied tcut values (right). There is significant variation in the predicted host galaxy mass functions when the DTD is perturbed
from the fiducial values.

will occur in roughly Milky Way mass galaxies, Figure 3

shows the host mass function normalized by the number

of galaxies in each mass bin which indicates the pre-

dicted number of BNS mergers per galaxy. Here, the

host mass function no longer peaks in the 1010-1011 M�
range, but instead peaks at larger masses (in the 1012-

1013 M� range). This indicates that while our analysis

predicts that most BNS merges will occur in ∼ Milky

Way mass galaxies, the highest likelihood of finding a

BNS merger based on a single observation still favors

more massive systems, simply because they have more

mass. This conclusion is somewhat dependent on the de-

tailed assigned prescription for the BNS merger DTD.

In particular, while the fiducial values (see the magenta

line in the left panel of Figure 3) clearly peaks at the

highest mass bin resolved in the IllustrisTNG volume,

the steeper exponent cases (s = −1.5 and s = −2) are
much flatter above M∗ = 1010.5M�.

A closer examination of how the BNS merger rate cor-

relates with different observables indicates a dependence

on the DTD. This analysis was conducted by compar-

ing, through the Pearson correlation coefficient, the BNS

merger rate for each galaxy to one of three observable

properties: its star formation rate (SFR), its blue lu-

minosity, and its stellar mass. For very steep and neg-

ative DTDs, s = −2, we find that SFR is best corre-

lated with merger rate (R=0.978). For less steep and

negative DTDs, s = −1, we find that blue luminos-

ity is best correlated (R=0.993). For flat or increasing

DTDs, s = 0+ we find that stellar mass is best corre-

lated (R=1.0, 0.994, 0.985 for s=0,1,2 respectively).

4. DISCUSSION

The ability to connect LIGO-detected BNS merger

events to their host galaxy opens new scientific opportu-

nities. Specifically, while transient event detection and

host galaxy association is well-established in astronomy,

traditional methods for kilonova detection yield little

direct information about the progenitor system. In con-

trast, wave form fitting of LIGO detected compact ob-

ject merger events provides detailed information about

the progenitor system including the masses of the merg-

ing objects. This new information links mergers of spe-

cific object types to host galaxies with a limited level of

ambiguity or uncertainty that was not previously pos-

sible. As we have discussed in this paper, this opens

up the possibility of developing a more intimate link be-

tween galactic star formation rate histories (SFRHs),

BNS delay time distributions, and the observed host

galaxy stellar mass function.
In this paper, we have leveraged the galactic SFRHs

from the IllustrisTNG cosmological galaxy formation

model. At some level, these SFRHs are likely not a

perfect reflection of real galactic SFRHs. However, the

model is able to broadly match the cosmic star forma-

tion rate history as well as the redshift dependent galaxy

stellar mass function. This gives us a reasonable level of

confidence that these simulated SFRHs provide good ap-

proximations to those of real galaxies. Moreover, since

fairly different physical models (e.g. those of Illustris

model, the EAGLE model, and semi-analytical mod-

els) yield similar BNS merger rates, we believe the more

holistic analysis obtained from the TNG-100 simulation

can further our understanding of the host galaxy mass

function and its dependence on the DTD.

An important feature of the IllustrisTNG simula-

tion is that it self-consistently tracks gas- and stellar-
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Figure 3. The individually normalized BNS merger rates as a function of stellar mass per galaxy for varied power law
exponents (left) and varied tcut values (right). While the host galaxy mass function (Figure 2) predicts most BNS mergers will
happen in roughly Milky Way mass galaxies when averaged over the whole galaxy population, this host galaxy specific-mass
function (this figure) indicates that the rate of BNS merger rate is higher is higher in higher mass galaxies, when compared on
an individual basis.

phase metallicities. The stellar metallicities, in turn,

impact the results of the metallicity-dependent DTDs,

such as the BPASS DTD. It has been shown that Il-

lustrisTNG’s stellar metallicity vs stellar mass relation

generally agrees with observations but is too flat lead-

ing to higher metallicities at lower masses (Nelson et al.

2018b). The largest discrepancy is ∼ 0.5 dex near

1010.5 M�. To understand how this uncertainty af-

fects our results, we use two host galaxy mass functions

with the BPASS DTD. Each host galaxy mass func-

tion is made by setting all stellar metallicities to either

Z = 0.0001 or Z = 0.014. Given the large difference in

metallicity, ∼ 2.5 dex, between these host galaxy mass

functions, we expect any differences to be larger than

those introduced from uncertainties in the IllustrisTNG

stellar metallicities. We find very little variation be-

tween the host galaxy mass functions between the lowest

and highest metallicities across all galaxy masses. Given

the large spread in metallicities used in creating these

DTDs, it is unlikely that our results would be changed

significantly if we instead employed stellar metallicities

from a different galaxy formation model. Given that

our results do not change when accounting for the more

complicated BPASS DTD, additional credibility can be

given to results derived from power law DTDs.

Some efforts have already begun to explore the new

connection between merger events and their host galaxy

using population synthesis codes and various star for-

mation histories. These studies investigate how the host

galaxy mass function is affected by the merger progen-

itors. The unique contribution of this paper is to focus

on systematic variations of the employed DTD coupled

to cosmologically motivated SFRHs. A similar set of

DTD variations was employed in Safarzadeh & Berger

(2019), albeit with analytically simplified SFRHs. They

concluded that the host galaxy mass function peaks at

high masses and that O(103) observations are required

to constrain the a true power law distribution. This

paper agrees with their conclusions for the host galaxy

mass range that they cover, 109−1011.25M�. This study

extends Safarzadeh & Berger (2019) by pairing a broad

set of assumed DTDs to SFRHs naturally derived in a

cosmological environment and examining how the as-

sumed DTD affects the host galaxy mass function over

the large range of host masses allowed by IllustrisTNG.

Similar results to those presented in this paper have

also been discussed in Artale et al. (2019); Safarzadeh

et al. (2019a); McCarthy et al. (2020). Artale et al.

(2019) uses the EAGLE simulation to create a stellar

mass vs specific BNS merger rate plot similar to Figure

3. They find that stellar mass is an excellent tracer for

specific merger rate. This result is consistent with our

result up to ∼ 1010.5M�. However, at higher masses we

find a dependence on the DTD, causing faster merging

times to not depend on stellar mass.

Safarzadeh et al. (2019a); Adhikari et al. (2020); Mc-

Carthy et al. (2020) also present host galaxy mass func-

tions using different SFRH models. Safarzadeh & Berger

(2019) uses an analytic model with the set us DTDs used

in this paper to understand how the host galaxy mass

function is affected by the DTD. Our results are gen-

erally consistent with theirs, but our extended range of

host masses allow us to see that most BNS mergers do

not happen in galaxies with highest mass, but in galax-
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ies with masses between 1010 and 1011M�. McCarthy

et al. (2020) also uses an analytic model but paired with

SDSS observations to explore the host galaxy mass func-

tion along with other host observables. For the host

galaxy mass function, our results are consistent with

theirs. However, our larger range of DTDs presented in

Figure 2 reveal the large spread between different as-

sumed DTDs and the stable peak near 1010.5M�. Ad-

hikari et al. (2020) also find that other host observables

paired with stellar mass are necessary to obtain a better

understanding where BNS merge. Overall, we find that

future explorations of this topic will need to consider a

wide range of DTDs and the full range of the observable

in question.

While the work we present here continues our un-

derstanding of what we can learn from observations of

BNS host galaxies, further investigations are necessary

to fully understand how BNS form and evolve. One ex-

ample of such an investigation is to expand the set of

DTDs examined using the methods in this paper. The

set of DTDs we examine are broad, covering those most

commonly referenced (e.g. Safarzadeh & Berger 2019;

Eldridge & Stanway 2016), but we do not exhaustively

search the full range of DTDs proposed (e.g. Simonetti

et al. 2019; Dominik et al. 2012). Also, our convolution

of IllustrisTNG’s SFRH with our DTDs does not include

any form of natal kicks. If these kicks are strong enough

to dislodge the binary from smaller galaxies, it is possi-

ble their addition would weight the host mass functions

toward higher mass galaxies. With a greater range of

DTDs examined and a more detailed convolution, we

will gain a clearer picture of where BNS mergers are lo-

cated, which delay times can be distinguished using the

host galaxy mass function, and the most likely places

they will be observed. Another way to incorporate a

more complete set of DTDs would be to use a varied

set of population synthesis models which cover a wide

range of binary separations, kick velocities, initial mass

functions, etc.

Including other star formation histories could also pro-

vide a more detailed look at the spread in possible host

galaxy mass functions. While IllustrisTNG is broadly

consistent with the cosmic star formation rate density

and redshfit dependent galaxy stellar mass functions

(Pillepich et al. 2018), its accuracy should not be over

interpreted and different simulations will surely produce

somewhat varied star formation histories that could im-

pact our results. However, we can say that up to their

mass cutoff, our results align with Artale et al. (2019)

who found no significant difference when comparing re-

sults from Illustris and Eagle. The lack of variation in

Artale et al. (2019) most likely indicates that – while

there is some variation – the SFRHs in Illustris and

EAGLE are sufficiently similar to not significantly im-

pact the results. Thus, by adopting the SFRHs from

galaxy formation simulations and assumptions about the

functional form of the DTD, predictions can be made

about the BNS host galaxy mass function. Addition-

ally, similarities between the different simulations sug-

gest that uncertainties in the poorly constrained DTDs

are likely larger than the uncertainties introduced from

the SFRHs. In particular, the detailed shape of the BNS

host galaxy mass function will be sensitive to assump-

tions about the DTD.

5. CONCLUSION

We presented predictions for the host galaxy mass

function and host galaxy specific-mass function for BNS

mergers. Our predictions were generated by convolv-

ing a set of power law and BPASS DTDs with the star

formation histories from the IllustrisTNG cosmological

simulation. Our main conclusions are as follows:

1. We find almost no difference between the host

galaxy mass functions produced by our fiducial

power law (slope of s = −1, minimum time of

tcut = 107 yrs) and the BPASS DTDs (Figure 1).

2. The peak of the host galaxy mass function occurs

around the Milky Way mass scale, with roughly ∼
50% of BNS mergers happening in the 1010M� <

M∗ < 1011M� mass range for our fiducial DTDs

(Figure 1). This mass bin includes NGC 4993, the

host galaxy of GW170817.

3. While the detailed shape of the host galaxy mass

function is sensitive to details of the adopted DTD,

the peak does not change significantly when vary-

ing over a broad range of DTDs (Figure 2). The

peak of the host galaxy specific-mass function is

similarly insensitive to changes in the adopted

DTD (Figure 3).

4. The peak of the host galaxy specific-mass function

is located in the highest mass bin for the fiducial

power law DTD and BPASS model. Thus, while

we expect most BNS mergers to happen in some-

what lower mass systems for our fiducial DTDs,

high mass galaxies are more likely to host a BNS

merger on a per-galaxy basis (Figures 1 and 3).

5. Host galaxy mass functions constructed from dif-

ferent DTDs vary up to one dex at low masses and

up to two dex at high masses. This provides an

opportunity through which an observationally re-

constructed host galaxy mass function can be used

to constrain the true BNS DTD (Figure 2).
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6. The observable galactic property (or properties)

that is expected to provide the best correlation

with the BNS merger rate depends on the true

DTD.

In the short term, the results found here in both the

host mass and specific-mass functions paint an interest-

ing picture on how astronomers should structure elec-

tromagnetic follow-ups for BNS events. The peak of the

host galaxy specific-mass function laying in the high-

est mass bin suggests that the optimal way to quickly

find the resulting kilonova from a BNS merger would be

to search the highest mass galaxies first. This agrees

with the current method most follow-up strategies use

in locating BNS mergers (e.g. Gehrels et al. 2016; Ar-

cavi et al. 2017; Singer et al. 2016). However, the

peak of the host mass function laying in the mass range

M∗ = 1010 − 1011 M� suggests that this method will

miss, or take a longer to locate, most of the BNS merg-

ers. Determining the true DTD would allow for more ef-

ficient electromagnetic follow-up by determining which

observable: SFR, blue luminosity, or stellar mass, best

correlates with BNS merger rate.

In the long term, LIGO/Virgo/KAGRA will create a

host mass function which can be used to determine the

true BNS DTD. With this DTD, the minimum delay

time, tcut, can constrain the proportion of BNS systems

which form through highly eccentric and low separation

fast-merging channels. Understanding this proportion

will place constraints on natal kick velocity and common

envelop efficiency. The minimum delay time can also de-

termine whether BNS mergers are the dominant source

of r-process elements. The overall shape of the true DTD

allows various physical parameters of BNS systems to be

constrained, such as the progenitor’s metallicity, masses,

mass ratio, common envelope efficiency, natal kicks, and

initial binary separation through comparisons with re-

sulting DTDs from population synthesis codes.
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