Binary Neutron Star Merger rate
via the Luminosity Function of
short Gamma Ray Bursts
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The Luminosity Function (LF), ®(L)

AN = TAQ x R(z)dV x (L)L,

with .
R(z) = gCV(2),
V(z) = / p«(Z') P (]2, 2']) d—sz’.
’ dz’
zrnin(z)

Aim: To model ®(L).

Motivations:
* To measure the true source rate.
* To predict the number distribution for newer instruments.



Review: Proposed methods

* Measured redshift (z) distribution:
+
* Measured flux (P) distribution:

Intrinsic parameters (z, L) — Measured parameter (P)
¢ Limit to “flux-complete” sample: .

° give

Reference R(O)
yr_lGrpC_3
Ghirlanda+'16 model [a] | 0.13-0.24

Guetta & Piran '05 0.1-0.8

Yonetoku+'14 0.24-0.94
Ghirlanda+'16 model [c] | 0.65-1.10

Coward+'12 5-13

Guetta & Piran '06 8-30




L = P4rd,(2)? x k(z; spectrum)
z is measured only for a small fraction of GRBs.
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o Present Work
- Amati et al. (2002)
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Long GRBs

Reference R(0)

yr~'Gpc—3

Amaral-Rogers+'17 | 0.04-0.24
Paul’18a 0.12-0.20




The correlation is tight, in spite of outliers.



Number of GRBs used

| mission | redshift | number |
CGRO-BATSE | pscudo 468
FermiGBM |_P°Scudo | 209
measured 2
SwiftBAT ) —PSeudo |, 59
measured 19

TOTAL 757




There are only 20 GRBs with known redshift.
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Observed number of GRBs too small (/).
Heavily biased due to redshift measurement selection effects.



The Luminosity Functions: models tested

@ Simple Power Law (SPL) model: (L) = ®o(L)7".

—1q

I , L< Ly
(£) " L

I~
N—

I~

® Broken PowerLaw (BPL) model: ®(L) = &g {

® Exponential-Cuto_ff PowerLaw (ECPL) model:
oxt)=on (&) "o - (&)



The Luminosity Functions: models fit

SPL

® against claim of Yonetoku+'14 [v = 1],
¢ extending Ghirlanda+'16 [v > 2 ruled out].

BPL ECPL
° ° Ly
® 1~ 1.85; L, ~1.50 e v~ 0.65
¢ consistent with 68% HDIs of G16 * both ~ same for long GRBs

no z-dependence no z-dependence



Reference

Ghirlanda et al. (2016), model [a]

Guetta & Piran
Yonetoku et )
Ghirlanda et al. (2016), model [c]
present work

Coward et al.
Guetta & Pir
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lower limits [yr—!]: LH: 0.95; LHV: 1.87; LHVKI: 3.11.
Inferred rate from GW/EM170817: 1vr ! = > 2y~ ! from the next
observing runs.



True sGRB and BNSM rates

fs =1 — cos 6}, where 6; is the jet opening angle.
6; = 3-26° (Marguitti+'12; Fong+ 12, ’15).

sGRB formation rate, Ry = A9 — 62838 yr ! Gipe .
Abbott+'17e: BNSMr = 320-4740 yr—'Gpc 3.
Each BNSM creates a sGRB : allowed.




True sGRB and BNSM rates

fs =1 — cos 6}, where 6; is the jet opening angle.
6; = 3-26° (Marguitti+'12; Fong+ 12, ’15).

sGRB formation rate, Ry = n,(—? = 6-2838 yr!Gpc3.
Abbott+'17e: BNSMr = 320-4740 yr—'Gpc 3.
Each BNSM creates a sGRB : allowed.

However, slight tension...




AstroSat-CZTI

Prediction: 14-42 yr '
Observed: ~ 36" in 2 yr.

*

initial triggered searches by Vidushi Sharma +
latter systematic searches by Ajay Ratheesh
[Feb’16 — Oct’17].

\ Publicly available tool for any new instrument.

Daksha (proposal accepted by ISRO):
° Soft [1-10 keV]: 11-12 yr .
* Hard [20-200 keV]: 34-35 yr .



Thank Youl!




Review: Ghirlanda+'16

P, F (fluence), Too, E, from Fermi;

D’Avanzo+'14 “flux-complete” Swift sample: z, L5y, Ejso-

Assumptions:
¢ Short GRB lightcurve = triangle.
* Amati correlation and Yonetoku correlation — parametrized.
® Progenitor rate — parametrized.

Rules out SPL for v > 2.



The star formation rate is delayed...

R=fzCV,

where

(e}

W(z) = / (2 P (7]2,2) %dz’,

Zmin (Z)

712, 2] = tage(2) — tage(2),
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Broken PowerLaw (BPL):

o(1) ¢o{(fb)y‘, L<Ly

(£) " L

Exponential-Cutoff PowerLaw
(ECPL):



n parameters S| Fermi  Swift

1.232
26.5

1.198
354

1.184
300.6 394

Simple Power Law model ruled out for all v,
against claim of Yonetoku+'14 [v = 1],
extending Ghirlanda+'16 [v > 2 ruled out].



n parameters Fermi

Vi
v
Ly
0.1 7+(J. (J§

+0.04
0.1 67(). 05

1.09

+0.04
0157465
1.09

v1 loosely bound below
vo ~ 1.85; Ly, ~ 1.50
Vo, Ly, independent of n
no z-dependence

consistent with 68% HDlIs
of Ghirlanda+'16

be distinguished with ECPL.



Fermi

2g+0.13
0387515

0.82

6 +0.12
03675 65

0.84

generally over-fit

Ly, loosely bound above
v~ 0.65

both ~ same for IGRBs!
no z-dependence



AN = TAQ x D(L,z) x R(z)dV x &(L)dL; D(L,z) x P".

Broken PowerLaw (BPL) Exponential-Cutoff PowerLaw (ECPL)



Formation efficiency

n | model | f3C(0) R(0)
[10—° M(T)l] [yr='Gpc~3]
ECPL | 13.7F1%
1.0 3.9 0.68-3.89
BPL 3.745;35
ECPL | 6.4570
1.5 -132 | 0.82-3.80
BPL 2'0528'28
00| ECPL | 3657061 | (61266




Fig. 5. Model schematics considered
in this paper. In each panel, the eye
indicates the line of sight to the observer.
(A) A classical, on ultrarelativis
weak short-hard gamma-ray burst
(sGRB). (B) A classical, slightly

off-axis, ultrarelativistic, strong SGRB.
(C) A wide-angle, mildly relativistic,
strong cocoon with a choked jet.

(D) A wi

weak cocoon with a successful

off-axis jet
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B Slightly Off-Axis Classical sGRB

Aferglow
(x-ray/Radio)

D On-axis Cocoon with Off-Axis Jet
A

Afterglow
(X-ray/Radio)




