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EMISSION FROM GRBS: AN OVERVIEW

TWO DISTINCT EMISSION PHASES
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GAMMA-RAY BURSTS - THE STANDARD MODEL

OPEN ISSUES

® Radiative mechanism
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PROMPT EMISSION OBSERVATIONS FROM SATELLITES

CGRO/BATSE: prompt emission in the range
20 keV - 2 MeV trom 2700 GRBs

Fermi/GBM: prompt emission in the range
8 keV- 40 MeV from 4100 GRBs |

Fermi/LAT: emission 20 MeV-300 GeV from
about 300 GRBs

The Neil Gehrels Swift Observatory
Swift/BAT: 15-150 keV from 1700 GRBs
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PROMPT EMISSION

LIGHTCURVES

Examples of prompt emission light curves: flux (50-300 keV) vs time
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e Energy range: 1 keV to 10 MeV
e Variability: 0.01 -1 s

e Duration: 0.1 to 103 seconds

* No typical morphology

e Quiescence times
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AFTERGLOW EMISSION LIGHTCURVES

OBSERVATIONS AT DIFFERENT FREQUENCIES
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AFTERGLOW EMISSION LIGHTCURVES

OBSERVATIONS AT DIFFERENT FREQUENCIES

GeV (0.1-10 GeV) X-ray
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X-RAY TYPICAL LIGHTCURVE AND X-RAY FLARES

Flux (0.3-10 keV) (erg/cmA2/s)

Flux (0.3-10 keV) (erg/cmA2/s)
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PROMPT EMISSION SPECTRUM

Example of typical prompt spectrum
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SYNCHROTRON EMISSION
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PROMPT EMISSION INTERPRETATION

PREDICTIONS OBSERVATIONS
FROM SYNCHROTRON THEORY OF PROMPT SPECTRA

E*N, (erg-cm2 s
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PROMPT EMISSION INTERPRETATION

PREDICTIONS OBSERVATIONS
FROM SYNCHROTRON THEORY OF PROMPT SPECTRA
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PROMPT EMISSION INTERPRETATION

PREDICTIONS OBSERVATIONS
FROM SYNCHROTRON THEORY OF PROMPT SPECTRA
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ISSUES WITH SYNCHROTRON INTERPRETATION

PREDICTIONS OBSERVATIONS

FROM SYNCHROTRON THEORY OF PROMPT SPECTRA

Photon Energy (MeV)
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CAN XRT HELP?

Swift GRBs with BAT+XRT simultaneous prompt observations

| | | 12500
GRB 061121
T z=1.314 boos
> .
& L -1500QHi
' 10- >
5 XRT T
T 11000 &
- -
- @)
= ()
S ' 1500
IHM\MO

ACME LARA NAVA - INAF



SPECTRAL BREAK AT LOW ENERGIES

Cutoff PL model
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ey Oganesyan, LN et al., 2017, ApJ, 846,137
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SPECTRAL BREAK: INTERPRETATION

Oganesyan, LN et al., 2017, ApJ, 846,137
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SPECTRAL BREAK: INTERPRETATION

Oganesyan, LN et al., 2017, ApJ, 846,137
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COMPARISON OF PHOTON INDICES

Distribution Photon indices
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LOW ENERGY BREAKS IN GBM GRBS?

10 brightest long GRBs in the GBM catalog
> 8 have breaks in the low-energy part of the spectrum (20-100 keV)

» Photon indices have distributions centered around synchrotron values

Ravasio,..., LN et al., 2019, A&A, Ravasio,..., LN et al., 2018, A&A, 613A, 16
— 2SBPL % 1 — 2SBPL Peak spectrum 2SBPL
104‘: + Nal6 5\1“4/'&- z:l_ — | + Naro
1 L L~ N i Nal9
- 500 s T E10t| + BGOO |
N H&’ 1 + BGO1 ~
g ~_ "
T- 103‘_ E)lo?)i 1606258
(7)) ] =, ]
> =
g w
w 102?
e ;
W 102 180720B o 4 |
5 g 20T | Ll T
-.-9 0 LTI .‘ ! y 44 ..|I| | l”"h”}"L‘i 'FII“J“ 1 el T e M
g o] T TR R TR
-3
T T S T T T T T T TR T
E [keV] E [keV]

ACME LARA NAVA - INAF



LOW ENERGY BREAKS IN GBM GRBS?

10 brightest long GRBs in the GBM catalog
> 8 have breaks in the low-energy part of the spectrum (20-100 keV)

» Photon indices have distributions centered around synchrotron values

Photon index distribution of the 8 GRBs with Photon index distribution time-resolved spactral
breaks (out of the 10 brightest GRBs) analysis of GRB 160625B
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PROMPT OPTICAL DATA

Oganesyan, LN, et al., 2019, A&A, 628, 59
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PROMPT OPTICAL DATA

Oganesyan, LN, et al., 2019, A&A, 628, 59
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CONSTRAINTS ON EMISSION REGION

Unknowns Observables

[' (bulk motion)

Fm’ ym’ ﬁ, tvar
R N, Ym, P (electrons) +
Ve

B (magnetic field)

Derishev 2007;: Kumar & McMahon 2008; Daigne et al. 2011; Beniamini & Piran
2013,2014; Uhm & Zhang 2014
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CONSTRAINTS ON EMISSION REGION
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A large cooling frequency (i.e., in the
keV band) implies:

Ry [cm]

- a magnetic field lower than expected 1016
- a large distance R of the emitting

reglon 1 1 1 1 1 1 1 1 1
. 400 600 800 1000 1200 1400 1600 1800 2000
- a population of electrons accelerated r
to large Lorentz factors Oganesyan, LN, et al., 2019, A&A, 628, 59
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