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Kilonova evolution from blue to red has been generated by 
the presence of newly produced r-process elements

Pian, D’Avanzo et al. (2017) 
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Depends on the assumption 
of the mass range of NS 

progenitors

Depends on the orbital parameters of the 
NS-NS system at formation

Separation, Total mass, and eccentricity
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With this work we aim to investigate if the demographic of SGRBs can be 
used to constrain the main characteristics of the delay time distribution 

(DTD) of neutron star mergers (NSMs).
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Log-normal star formation history
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𝑡0, 𝜏 from Abramson et al. (2016)
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2094 galaxies

Gladders et al. (2013)

We need to add 15850 galaxies with

8 ≤ log(𝑀/𝑀⨀) < 10
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SFR 𝑡𝑛𝑜𝑤 , 𝑡0, 𝜏 = 𝑀𝑔𝑎𝑙

1

𝑡𝑛𝑜𝑤𝜏
𝑒
−
ln 𝑡𝑛𝑜𝑤−𝑡0

2

2𝜏2𝑀𝑔𝑎𝑙 = 0.7 × න
0

𝑡𝑛𝑜𝑤

𝑆𝐹𝑅 𝑡 𝑑𝑡

Extract 𝑀𝑔𝑎𝑙 from the MDF 

Peng et al. (2010)

From the SFMS of galaxies we retrive 𝑆𝐹𝑅(𝑡𝑛𝑜𝑤)

Renzini & Peng (2015)

Grid Search

𝑡0 vs 𝜏 plane
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Greggio et al. 2021 have developed an analytical DTD for NSM 

Slope of the power-law distribution of separations:
𝑓 𝐴 ∝ 𝐴𝛽

Range of separations:
𝐴𝑚𝑖𝑛 − 𝐴𝑚𝑎𝑥

𝛽 = −1 𝛽 = −3𝛽 = −2

Giacobbo & Mapelli 2018 Belczynski et al. (2018)BPS models

0.05 𝑅⊙ 0.2 𝑅⊙ 1 𝑅⊙
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Number of neutron stars
progenitors per unit mass in a stellar generation 
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𝑚1

𝑚2

φ m dm

Salpeter (1955) IMF and NS progenitors 

ranging from 9 to 50 𝑀⨀

𝑘𝛼 ≃ 0.006 𝑀⨀
−1
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𝑆𝐹𝑅 𝑡 − 𝜏 𝑓𝑁𝑆𝑀 𝜏 𝑑𝜏

Fraction of massive stars with the 
right characteristics to lead to a NSM

𝑅𝑁𝑆𝑀 = 𝑅𝐺𝑊 by Abbott et al. (2021)

ℛ = 320−240
+490 𝐺𝑝𝑐−3𝑦𝑟−1

Lorenzo Cavallo Sexten 9-13 January 2023

Number of neutron stars
progenitors per unit mass in a stellar generation 

𝑘𝛼 = න
𝑚1

𝑚2

φ m dm

Salpeter (1955) IMF and NS progenitors 

ranging from 9 to 50 𝑀⨀

𝑘𝛼 ≃ 0.006 𝑀⨀
−1



Lorenzo Cavallo Sexten 9-13 January 2023

𝛼𝑁𝑆 ≃ 0.3%
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𝐷 𝑧 = 𝑠𝑆𝐹𝑅(𝑧) × 𝑡𝑈(𝑧)

Tacchella et al. (2022)

𝐷 𝑧 < 1/3 Passive 𝐷 𝑧 ≥ 1/3 Star-forming

Lorenzo Cavallo Sexten 9-13 January 2023



𝐷 𝑧 = 𝑠𝑆𝐹𝑅(𝑧) × 𝑡𝑈(𝑧)

Tacchella et al. (2022)

𝐷 𝑧 < 1/3 𝐷 𝑧 ≥ 1/3

High 𝑧

Lorenzo Cavallo Sexten 9-13 January 2023

Passive Star-forming



𝐷 𝑧 = 𝑠𝑆𝐹𝑅(𝑧) × 𝑡𝑈(𝑧)

Tacchella et al. (2022)

𝐷 𝑧 < 1/3 𝐷 𝑧 ≥ 1/3

Nearby Universe

Lorenzo Cavallo Sexten 9-13 January 2023

Passive Star-forming



ℛ𝑆𝐹(𝑧)

ℛ𝑇𝑂𝑇(𝑧)
= 𝑓𝑆𝐹(𝑧)

Fraction of NSMs in late-type 
galaxies
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Fong et al. (2022) have presented a census of the 90 SGRBs observed 
from 2005 to 2021 that have an association with an host galaxy.

Nugent et al. (2022) used spectroscopy and optical and 
near-infrared photometry to characterize the stellar 
population properties of the host galaxies of SGRBs. 

∼ 85% of the population of 
hosts are star forming galaxies

Nugent et al. (2022)Fong et al. (2022)
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The fraction of short-GRBs observed in late-type galaxies favors DTDs with a fair fraction of prompt events.

We notice that a similar indication is obtained from chemical evolution models. 

∼12 %

∼61 %

∼99 %

Lorenzo Cavallo Sexten 9-13 January 2023

Cavallo & Greggio 2023 (submitted)



Large 
uncertainties
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• Assuming that NSMs are the progenitors of SGRBs, we compare our theoretical curves with the redshift
evolution of the rate of SGRBs computed by Ghirlanda et al. (2016). This constraint favours DTD with
𝛽 = −1, as found in Greggio et al. (2021)

• Adopting the current estimate for the rate of NSMs in the local Universe, we estimate that 0.3% of
neutron star progenitors living in binary systems with the right characteristics to lead to a NSM within a
Hubble time. We found a weak dependence on the DTD parameters 𝛽 and 𝐴𝑚𝑖𝑛

• We find that the fraction of SGRBs observed in star-forming galaxies favours DTDs with a fair fraction
of prompt events (𝛽 = −2/−3)

• The evolution with redshift of the fraction of NSMs in star-forming galaxies depends on the criterion
used to define them and on the DTD. Current empirical estimates of this trend (Nugent et al. 2022) are
affected by large uncertainties caused by the poor statistics so that all our models are compatible with
the data. Larger datasets will allow exploiting this trend to constrain the DTD
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