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Population vs samples

" GRB detection 00
SRR > rates @

e Make predictions for new instruments/
facilities with better control on selection
biases

e Explore synergies /complementarity
within instruments and among facilities

‘Population

Encodes intrinsic properties
of the sources

Maps the full parameter space

Detected Sample, I > Fj;,,(AE) 35 T — S :
!! - . F oo : ~ Faint \~\‘ | Bright .
3.0f | .
GCRO/Batse, Beppo-SAX, Hete-II, Fermi/GBM, Swift/BAT ; X ]
...... 2.5F | ]
. . . % 20f | :
Result of instrumental selection of a portion of the 5 f : ]
population. ? 15| ]
. Lo mat .
Maps a portion of the parameter space E hi/GB 1
0.5F | .
Observed GRB samples GRB detection o) oof Nava+20ll _ . 1. ) ik

. VY
extrapolatlon rates -7 -6 -5 -4 -3




Population based approach

‘Population

Population intrinsic properties:
1.Luminosity/energy function ¢(L)
2.Cosmic rate distribution ¥(z)
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Instrumental
parameters
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Building a population: Direct Inversion method

‘Population

Collect a sufficiently large sample
of sources with measured:

- Redshift

- Luminosity

Population intrinsic properties:
1.Luminosity/energy function ¢(L)
2.Cosmic rate distribution ¥(z)

Infer the luminosity function and source cosmic rate by direct inversion (2D binned method - Lynden-Bell 1971)
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Building a populat1on INDlrect (parametnc) method

. Observational
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Observational constraints: how many & which constraints
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Steep LF for short GRBs (-2,-3 with 1050 erg/s break and large uncertainties)
Non unique delay time distribution (either power law with min 40 Myr or log-normal with 3 Gyr)

Break degeneracy?

» Complete samples limit the effects of
ﬂ complexly-interlaced selection biases

Additional constraints




Short GRB population: constraints

= 7 Constraints Short GRB population: Ghirlanda+2016
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Complete samples

>1000 GRBs detected by Swift (since early 2005)

Definition of samples with favourable observing conditions for
ground-based observations (then redshift measure)

> 60% of Swift GRBs are missing a redshift measure.

BAT6 sample SBAT4 sample
Salvaterra+12 D’Avanzo+14
o 58 long GRB (up to May 2011) o 16 short GRB (up to June 2013)
o peak flux > 2.6 photons/s/cm? o peak flux > 3.5 photons/s/cm?
o 97% with redshift (wrt 35% o 69% with redshift (wrt 25%
whole Swift sample) whole Swift sample)

These samples are complete in flux (flux-limited) and have a high
completeness in redshift

Provides L-z constraints



Short GRB population: constraints

= 7 Constraints Short GRB population: Ghirlanda+2016
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Short GRB population

(1) Delay independent constraints on z-dependent event rate
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Short GRB population: results
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Primordial NS-NS binary merger distributions
provides a good description of the sGRB population
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Long GRB population
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Exploring synergies

Gamow

| Hermes Theseus

Gamma Ray Bursts synthetic
population (short and long)

Advantage of using the same model population (short and long)
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PURPOSE OF THE STUDY

1. estimate the detection rate (number of GRBs per year)
a. forlong and short GRBs

b. for pathfinder and constellation (one detector)

c. by the Soft gamma-ray or/and the X-ray instrument
d. for trigger on peak flux and on the fluence

2. understand which GRB population will be observable by HERMES



PARAMETERS ADOPTED FOR THE TWO

INSTRUMENTS
Instrument | FoV | energyrange | back. rate | duty cycle
keV counts/s
S 80° 50-300 72 0.5
X 60° 3-20 503 0.5

Parameters adopted for the two instruments. Background for low latitude, LEO or-
bits, version V5d1 (S detector), and V5 (X detector), produced by Riccardo Campana,

February 2019



EFFECTIVE AREAS vs ENERGY

Effective area [cm?]
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Effective areas for the S instrument (left-hand panel) and the X instrument (right-
hand panel). Shaded vertical stripes show, for the two instruments, the energy
range considered in this study to estimate the detection rates. Effective area files
version V3d1, produced by Riccardo Campana February 2019.



METHOD 3

Effective area A __(6)

e sources have isotropic distribution

e GRB position gives the angle theta wrt the detector
normal

e (GRBs outside the nominal FoV: not detected.

e GRBs inside the FoV: A_(6) from interpolation



METHOD

Source counts

e intrinsic spectrum [ph/cm?/s] is multiplied by:
o the burst duration - trigger on fluence
o the timescale over which the peak flux has been
estimated - trigger on peak flux. For long GRBs we
assume 1s, for short 64 ms and 1s

e the total spectrum [ph/cm?] is convolved with A_(8) to
obtain the total counts



METHOD

Background counts

e average count rate [cts/s] is multiplied by:
o the burst duration - trigger on fluence
o the timescale over which the peak flux has been
estimated - trigger on peak flux. For long GRBs we
assume 1s, for short 64 ms and 1s

Significance of the detection

e source counts are compared with background counts
e GRB is detected if significance is at least 50



RESULTS

SHORT

Class Total S X S-only | X-only | Sand X
yr1 yrl yr! yrl yrl yr
Long (peak flux) 50 ((40) 40 (30) 34 16 (6) 10 24
Long (fluence) 150((124) | 106 (80) | 110 | 40 (14) 45 65
Short (peak flux 1s) 14(10) 13 (10) 4 9 (6) 0.4 4
Short (peak flux 64ms) | |3.5(2.7) | 3.4(2.7) | 0.8 | 2.7(2) 0.06 0.7
Short (fluence) 5.8(4.6) | 4.7 (3.6) 1 | 4.7(3.6) 0.1 1

Table 5.1: Detection rates for the short and long class of GRBs. The total rate is reported in
column 2. Columns 3 to 7 refer to partial detection rates: 3) all events detected by S;
4) all event detected by X; 5) events detected only by S; 6) events detected only by X;
7) events detected by both detectors. The numbers in parenthesis in column 2 (3)
refer to the number of events detected by S+X (by S) within an angle of 60°.



RESULTS

Detection rate on Peak Flux Detection rate on Fluence
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RESULTS
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RESULTS
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WORK in PROGRESS

Besides detection rates, we are performing / plan to perform studies
on the following topics:

e detection rates of electromagnetic counterparts of GW events
(from 3G to ET)

e GRB prompt emission spectral studies

e spectral breaks

e synergies studies | (Hermes «— — Ground based facilities)
e synergies studies |l (Hermes «— — Skyhopper)



