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TeV detections: a summary

Miceli D. & Nava L., 2022, Galaxies, 10, 66

T9o E, iso Z Tdelay Erange IACT (sign.)
S erg S TeV

160821B 048 12 x 10¥ 0.162 24 0.5-5 MAGIC (3.10)
180720B 489 6.0 x 10° 0.654 3.64x10* 0.1-044 H.E.SS. (5.30)
190114C 362 2.5x10° 0.424 57 0.3-1 MAGIC (> 500)
190829A 582 2.0x10°° 0.079 1.55 x10* 0.18-3.3 H.E.S.S. (21.70)
201015A 9.78 1.1x10° 042 33 0.14 MAGIC (3.50)
201216C 48 4.7x10® 1.1 56 0.1 MAGIC (6.00)

significance < 50

significance > 50
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GRB EMISSION AT ENERGIES E < GEV

Prompt emission
- keV - MeV

- Non-thermal

« Origin still uncertain

- One single spectral
component
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GRB EMISSION AT ENERGIES E < GEV

Prompt emission
- keV - MeV

- Non-thermal

« Origin still uncertain

- One single spectral
component
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EVIDENCE FOR HIGH-ENERGY ADDITIONAL
SPECTRAL COMPONENTS FROM GEV OBSERVATIONS

Nava 2018

Prompt emission 10F

- photons > 1 GeV have been detected
during the prompt (green symbols)

Photon energy [GeV]
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EVIDENCE FOR HIGH-ENERGY ADDITIONAL
SPECTRAL COMPONENTS FROM GEV OBSERVATIONS

. e Nava 2018
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EVIDENCE FOR HIGH-ENERGY ADDITIONAL
SPECTRAL COMPONENTS FROM GEV OBSERVATIONS

. e Nava 2018
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EVIDENCE FOR HIGH-ENERGY ADDITIONAL
SPECTRAL COMPONENTS FROM GEV OBSERVATIONS

Afterglow emission

Rate (> 0.1 GeV)
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EVIDENCE FOR HIGH-ENERGY ADDITIONAL
SPECTRAL COMPONENTS FROM GEV OBSERVATIONS

Chirlanda, Ghisellini, Nava 2010
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EVIDENCE FOR HIGH-ENERGY ADDITIONAL
SPECTRAL COMPONENTS FROM GEV OBSERVATIONS

Chirlanda, Ghisellini, Nava 2010
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EVIDENCE FOR HIGH-ENERGY ADDITIONAL
SPECTRAL COMPONENTS FROM GEV OBSERVATIONS

Chirlanda, Ghisellini, Nava 2010
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EVIDENCE FOR HIGH-ENERGY ADDITIONAL
SPECTRAL COMPONENTS FROM GEV OBSERVATIONS

Afterglow emission

- Extra-component in spectra??
(no clear evidence)

- Photons with E>Emax,syn: revision of
afterglow shock physics required
(Kouveliotou et al 2013)? B-field decay
(e.g., Kumar et al., 2012)?
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EVIDENCE FOR HIGH-ENERGY ADDITIONAL
SPECTRAL COMPONENTS FROM GEV OBSERVATIONS

Afterglow emission

- Extra-component in spectra??
(no clear evidence)

- Photons with E>Emax,syn: revision of
afterglow shock physics required
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EVIDENCE FOR HIGH-ENERGY ADDITIONAL
SPECTRAL COMPONENTS FROM GEV OBSERVATIONS

Afterglow emission

- Extra-component in spectra??
(no clear evidence)

- Photons with E>Emax,syn: revision of
afterglow shock physics required
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OBSERVATIONS AT TEV
ENERGIES:
CHERENKOV TELESCOPES
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TEV OBSERVATIONS: CHERENKOV TELESCOPES

MAGIC / HESS / VERITAS
Aleksic + 2014
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— until 2019: no detections, only upper limits —
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TEV OBSERVATIONS: CHERENKOV TELESCOPES

MAGIC / HESS / VERITAS
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MAGIC DETECTION OF GRB 190114C

 Long GRB
e 7=0.42
= Eprompt = 25X1 O5Serg

MAGIC detection

» 1-40 minutes
after the GRB

» in the energy
range 0.3-1 TeV
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MAGIC DETECTION OF GRB 190114C

MAGIC collab et al

Nature, 2019
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MAGIC DETECTION OF GRB 190114C

MAGIC collab et al

Nature, 2019
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MAGIC DETECTION OF GRB 190114C

10_7 MAGIC collab. et al., Nature, 2019
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MAGIC DETECTION OF GRB 190114C

10_7 MAGIC collab. et al., Nature, 2019
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MAGIC DETECTION OF GRB 190114C

 Long GRB
e 7=0.42
~ Eprompt - 25X1 O5Serg

MAGIC detection
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MAGIC DETECTION OF GRB 190114C

 Long GRB
e 7=0.42
~ Eprompt - 25X1 O5Serg

MAGIC detection
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MAGIC DETECTION OF GRB 190114C

Light curve and SED modeling
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MAGIC DETECTION OF GRB 190114C

Light curve and SED modeling
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MAGIC DETECTION OF GRB 190114C

Light curve and SED modeling
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MAGIC DETECTION OF GRB 190114C

Light curve and SED modeling
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MAGIC DETECTION OF GRB 190114C

Light curve and SED modeling
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H.E.S.S. DETECTION OF GRB180720B

 Long GRB
e 7=0.65

e F prompt =

= 6 X 10%3erg

H.E.S.S. detection

» ~10 hours after the
GRB

» in the energy
range 0.1-0.44 TeV

Energy flux (erg cm™=2 s71)

10°°

Photon index
o NN

H.E.S.S. Collab, 2019, Nature, 575, 464
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H.E.S.S. DETECTION OF GRB 190829A

 Long GRB
e z=0.0/8

o prompt =

=2 X 10°%erg

Energy flux (erg cm~2s™1)

H.E.S.S. detection

» 3 nights, from 4.3

to 55.9 hrs

» in the energy
range 0.18-3.3 TeV
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H.E.S.S. Collab, 2021, Science, 372, 6546
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H.E.S.S. DETECTION OF GRB 190829A

e Long GRB H.E.S.S. Collab, 2021, Science, 372, 6546
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H.E.S.S. DETECTION OF GRB 190829A

 Long GRB
«z=0.0/8
* Eprompt = 2 X 105%erg

H.E.S.S. detection

» 3 nights, from 4.3
to 55.9 hrs

» in the energy
range 0.18-3.3 TeV

EFg [erg cm™2 s71]

Salafia et al. 2022, ApJ, 931L, 19
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GRB 201216C (MAGIC)

« Long GRB

e 7=1.1

e Eprompt =95 X 103 erg

- 57 seconds after the prompt

- Significance of detection ~ 6 sigma
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SHORT GRB 160821B

»z=0.16
» Kilonova emission
» MAGIC: excess ~3 sigma

MAGIC Collab., ApJ, 2021
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CTA - CHERENKOV TELESCOPE ARRAY

LST: 20GeV - 3 TeV

MST: 80 GeV - 50 TeV

SST: 1 TeV - 300 TeV
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Consortium paper on prospects for CTA observations of GRB

In preparation
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ASTRI MINI-ARRAY
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Paper on core science with ASTRI-MA in preparation
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ASTRI MINI-ARRAY

SIMULATIONS
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Paper on core science with ASTRI-MA in preparation
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OPEN QUESTIONS & FUTURE CHALLENGES

» Does SSC interpretation hold for all detected GRBs?

» Which conditions are required to produce VHE component? How
common are these conditions?

» Nature of TeV emission always the same or competing processes
can dominate the TeV range?

» VHE observations during the prompt: unique tool to understand the
origin of prompt radiation

» VHE emission in short GRBs: understand differences short/long
(environment, jet,...)
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GRB 190829A: TEV SPECTRA
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GRB 190829A: MODELING MW LIGHTCURVES

Salafia et al. 2022, ApJ, 931L, 19
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GRB 190829A: MODELING MW LIGHTCURVES

Salafia et al. 2022, ApJ, 931L, 19

Parameter®  narrow prior wide prior bounds prior type®
Ey/10%3 erg 217759 2.1770%: 10%® — 1056 Lu.
n/cm™3 0.175753%  0.1751500, 10-6 — 102 Lu.
T 57.87 7% 57.8157 > 10 . u.
0;/deg 15.11 10 15.179:2, 0.6 — 60 u.
€0, FS 0.029100%¢  0.0297 ) 054 1076 - 0.6 L. u.
ep.rs/1074 0.54793 < 0.63 (90%) 1076 - 0.3 L. u.
PFS 2.0175 00z 2.0175 00z 2.001 — 2.9 u.
Xe.rs/1072 2.31792 2.319-32 10-2(1071%) — 10° Lu.
€c RS 0.271053 0.2710:55 1076 - 0.6 L. u.
ep.rs/1073 1.7+3% 1.770% 1076 - 0.3 L. u.
PRS 2.1570:91* 2.1570 052 2.001 — 2.9 u.
Psys/1072 1.4703 1.479:3 10~19 — 100 Lu.
E;ct/10% erg 7515 7.5, "% - -
1,/1073 1.3752 1.310:> - -

V CONGRESSO NAZIONALE GRB LARA NAVA - INAF



% GRB 190829 A
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X-RAY AND TEV LUMINOSITY LIGHTCURVES

VHE data points

XRT data points

GRB190114C z=0.424
GRB190829A z=0.079
GRB180720B z=0.654
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GRB201015A z=0.420
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AMATI CORRELATION
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