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AstroSat

AstroSat team

Bhalerao+’17
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GRB151006A
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Simulations

Rao+’16
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How many GRBs can it detect?

Abbott+’17e

Kasliwal+’17
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The Luminosity Function (LF), Φ(L)

dN ≡ T ∆Ω×
.

R(z)dV × Φ(L)dL,

with .
R(z) = fBC Ψ(z),

Ψ(z) =

∞∫
zmin(z)

ρ̇?(z ′) P
(
τ [z, z ′]

) dτ
dz ′

dz ′.

Aim: To model Φ(L).

Motivations:
• To measure the true source rate.
• To predict the number distribution for newer instruments.
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Review: Proposed methods
• Measured redshift (z) distribution:

Statistical limitation + selection bias.
• Measured flux (P) distribution:

Intrinsic parameters (z, L)→ Measured parameter (P)?
• Limit to “flux-complete” sample: Statistical limitation.

• Different instruments give different results.

Reference
.

R(0)
yr−1Gpc−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
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Yonetoku correlation
L = P 4πdL(z)2 × k(z; spectrum)

z is measured only for a small fraction of GRBs.

Yonetoku+’04
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Long GRBs

Reference
.

R(0)
yr−1Gpc−3

Amaral-Rogers+’17 0.04-0.24
Paul’18a 0.12-0.20
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Short GRBs – the correlation
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The correlation is tight, in spite of outliers.
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Number of GRBs used

mission redshift number
CGRO-BATSE pseudo 468

Fermi-GBM
pseudo 209

measured 2

Swift-BAT
pseudo 59

measured 19
TOTAL 757
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Redshift distributions
There are only 30 GRBs with known redshift.
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• Observed number of GRBs too small (30/25).
• Heavily biased due to redshift measurement selection effects.
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The Luminosity Functions: models tested

1 Simple Power Law (SPL) model: Φ(L) = Φ0(L)−ν .

2 Broken PowerLaw (BPL) model: Φ(L) = Φ0


(

L
Lb

)−ν1
, L ≤ Lb(

L
Lb

)−ν2
, L > Lb.

3 Exponential-Cutoff PowerLaw (ECPL) model:

Φz(L) = Φ0

(
L

Lb

)−ν
exp

[
−
(

L
Lb

)]
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The Luminosity Functions: models fit

SPL
• Ruled out for all ν,
• against claim of Yonetoku+’14 [ν = 1],
• extending Ghirlanda+’16 [ν > 2 ruled out].

BPL
• ν1 loosely bound below
• ν2 ∼ 1.85; Lb ∼ 1.50
• consistent with 68% HDIs of G16
• no z-dependence

ECPL
• Lb loosely bound above
• ν ∼ 0.65
• both ∼ same for long GRBs
• no z-dependence
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Formation rate
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Binary neutron star merger (BNSM) rate –
aLIGO/VIRGO

Saleem+’18
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Binary neutron star merger (BNSM) rate –
aLIGO/VIRGO
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• lower limits [ yr−1]: LH: 0.95; LHV: 1.87; LHVKI: 3.11.
• Inferred rate from GW/EM170817: 1 yr−1 =⇒ & 2 yr−1 from the next

observing runs.
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True sGRB and BNSM rates

• fB = 1− cos θj , where θj is the jet opening angle.

• θj = 3-26◦ (Margutti+’12; Fong+ ’12, ’15).

• sGRB formation rate, R0 =
.
R(0)

fB
= 6-2838 yr−1Gpc−3.

• Abbott+’17e: BNSMr = 320-4740 yr−1Gpc−3.

• Each BNSM creates a sGRB : allowed.

• However, slight tension...

• What could it imply? Choked jets (Kasliwal+’17).
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AstroSat-CZTI
Prediction: 14-42 yr−1.
Observed: ∼ 36* in 2 yr.

* Subjective:
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−1.
• Hard [20-200 keV]: 34-35 yr−1.
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Thank You!
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Review: Ghirlanda+’16

• P, F (fluence), T90, Ep from Fermi;

• D’Avanzo+’14 “flux-complete” Swift sample: z, Liso, Eiso.
• Assumptions:

• Short GRB lightcurve = triangle.
• Amati correlation and Yonetoku correlation – parametrized.
• Progenitor rate – parametrized.

• Rules out SPL for ν > 2.
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The star formation rate is delayed...

.
R = fBC Ψ,

where

Ψ(z) =

∞∫
zmin(z)

ρ̇?(z ′) P
(
τ [z, z ′]

) dτ
dz ′

dz ′,

τ [z, z ′] = tage(z)− tage(z ′),

zmin(z) given by
tage(z)− tage(zmin) = τmin.
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...to the GRB formation rate
P(τ) = τ−n
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k(z) and Lc(z)

10−5 10−4 10−3 10−2 10−1 100 101 102

z

100

101

k
[M

e
V

]

BATSE

Swift

CZTI

23 / 30



Models tested against data

Broken PowerLaw (BPL):

Φ(L) = Φ0


(

L
Lb

)−ν1
, L ≤ Lb(

L
Lb

)−ν2
, L > Lb.

Exponential-Cutoff PowerLaw
(ECPL):

Φz(L) = Φ0

(
L
Lb

)−ν
exp

[
−
(

L
Lb

)]
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Fits: SPL details

• Simple Power Law model ruled out for all ν,
• against claim of Yonetoku+’14 [ν = 1],
• extending Ghirlanda+’16 [ν > 2 ruled out].
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Fits: BPL details

• ν1 loosely bound below
• ν2 ∼ 1.85; Lb ∼ 1.50
• ν2, Lb independent of n
• no z-dependence
• consistent with 68% HDIs

of Ghirlanda+’16

Cannot be distinguished with ECPL.
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Fits: ECPL details

• generally over-fit
• Lb loosely bound above
• ν ∼ 0.65
• both ∼ same for lGRBs!
• no z-dependence
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Fits: BPL & ECPL
dN ≡ T ∆Ω× D(L, z)×

.
R(z)dV × Φ(L)dL; D(L, z) ∝ PΓ.
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Formation efficiency

n model fBC(0)
.

R(0)

[10−9 M−1� ] [ yr−1Gpc−3]

1.0
ECPL 13.7+1.2

−3.9 0.68-3.89
BPL 3.74+3.76

−1.15

1.5
ECPL 6.45+0.39

−1.32 0.82-3.80
BPL 2.05+1.73

−0.58

2.0
ECPL 3.65+0.26

−0.61 0.61-2.66
BPL 1.23+0.94

−0.34
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Choked jets...?

Kasliwal+’17
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