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Basic facts:

§ GRB180720B:
- Redshift: z = 0.653 – Duration: T90 ~ 50 s

(long cosmological GRB)
- Eiso = 6.0 ± 0.1 1053 erg (50-300 keV)
- Detected by GBM & BAT (trigger), LAT (during 12 min), XRT and many others
- Afterglow detectable for ~ 30 days
- HESS: VHE detection 10 hours after the burst: afterglow phase
- Fermi/GRM: 7th brightest GRB ; Swift/XRT: 2nd brightest afterglow

§ GRB190114C:
- Redshift: z = 0.4245 – Duration: T90 ~ 116 s (GBM) – 362 s (BAT)

(long cosmological GRB)
- Eiso = 3 1053 erg (1-10000 keV)
- Detected by BAT & GBM (trigger), INTEGRAL, LAT (during 12 min), AGILE,

XRT and many other
- MAGIC: VHE detection (0.2-1 TeV) 1 minute after the burst

at 50 sigmas during the first 20 min – observed for 40 min

at 80 s: 3 1049 erg/s (0.3-1 TeV) = most luminous source known at VHE

Total observation: 4 1051 erg (0.3-1 TeV)



GRB 180720B (HESS)



GRB180720B: HESS image

A very-high-energy component deep in the γ-ray burst afterglow, H.E.S.S. collaboration; Nature 575, 464-467 (2019)

- Obs: T0+10,1h – 2 hours
- 119 gamma-ray events – statistical significance = 5.3 sigmas
- Point-like source model
- Re-observation several days later: no detection



GRB180720B: light-curve

A very-high-energy component deep in the γ-ray burst afterglow, H.E.S.S. collaboration; Nature 575, 464-467 (2019)

aXRT ~ aopt ~ -1.3/-1.2
aLAT ~ -1.8 ; gLAT ~ -2.1 



GRB180720B: VHE spectrum

A very-high-energy component deep in the γ-ray burst afterglow, H.E.S.S. collaboration; Nature 575, 464-467 (2019)



GRB180720B: VHE spectrum

A very-high-energy component deep in the γ-ray burst afterglow, H.E.S.S. collaboration; Nature 575, 464-467 (2019)



GRB180720B: CTA detectability prospects

A very-high-energy component deep in the γ-ray burst afterglow, H.E.S.S. collaboration; Nature 575, 464-467 (2019)

> 3 afterglows at VHE/year with CTA?
(assumes VHE flux = XRT flux as for 1708720B…)



§ Afterglow / Forward Shock

§ Dominant: accelerated electrons
- Direct synchrotron: unlikely

Needs G>1000 at 10h!

- SSC
(VHE photons produced by
IC scatterings of IR-UV photons
by electrons at the highest energy)

Klein-Nishina attenuation?

Detailed modelling is required…

§ Weak proton emission?

GRB180720B: interpretation

Synchrotron (« burnoff ») limit

Very efficient acceleration:

with

then

KN limit

: seed photon : electron



GRB190114C: significance of gamma-rays

Teraelectronvolt emission from the γ-ray burst GRB 190114C, MAGIC collaboration; Nature 575, 455-458 (2019)



GRB 190114C (MAGIC)



GRB190114C: VHE photons

Teraelectronvolt emission from the γ-ray burst GRB 190114C, MAGIC collaboration; Nature 575, 455-458 (2019)

synchrotron limit
« standard » AG theory



GRB190114C: lightcurve XRT-LAT-MAGIC

Teraelectronvolt emission from the γ-ray burst GRB 190114C, MAGIC collaboration; Nature 575, 455-458 (2019)

Early times: MAGIC vs BAT

aMAGIC ~ -1.6



GRB190114C: afterglow

Observation of inverse Compton emission from a long γ-ray burst, MAGIC collaboration; Nature 575, 459-463 (2019)

Host = spiral galaxy



GRB190114C: multi-l lightcurve

Observation of inverse Compton emission from a long γ-ray burst, MAGIC collaboration; Nature 575, 459-463 (2019)

NIR-V-UV Radio-mm



GRB190114C: multi-l lightcurve

Observation of inverse Compton emission from a long γ-ray burst, MAGIC collaboration; Nature 575, 459-463 (2019)

a10-1000 keV ~ -1.1 after 5-10 s

aXRT ~ -1.4
aMAGIC ~ -1.5

NIR-V (square symbols): 
-Early: RS contribution?
-Then shallow decay/fast decay

Radio-mm:
-Early: RS contribution?
-Then ~cst flux



GRB190114C: prompt lightcurve



GRB190114C: VHE spectrum

Photon index
~-2.2

Teraelectronvolt emission from the γ-ray burst GRB 190114C, MAGIC collaboration; Nature 575, 455-458 (2019)

Observation of inverse Compton emission from a long γ-ray burst, MAGIC collaboration; Nature 575, 459-463 (2019)

Limits on systematics:



GRB190114C: multi-l spectrum

Observation of inverse Compton emission from a long γ-ray burst, MAGIC collaboration; Nature 575, 459-463 (2019)

Two components
(clear for the first

two intervals)

Independent of the
choice of an EBL model

SSC in external shock?



GRB190114C: spectral evolution?

Teraelectronvolt emission from the γ-ray burst GRB 190114C, MAGIC collaboration; Nature 575, 455-458 (2019)

Effect of EBL model:



GRB190114C: spectral evolution?

Observation of inverse Compton emission from a long γ-ray burst, MAGIC collaboration; Nature 575, 459-463 (2019)

?



GRB190114C: observed vs expected number of events?

Teraelectronvolt emission from the γ-ray burst GRB 190114C, MAGIC collaboration; Nature 575, 455-458 (2019)



MAGIC: other GRBs?

Teraelectronvolt emission from the γ-ray burst GRB 190114C, MAGIC collaboration; Nature 575, 455-458 (2019)

Low z + « suitable » observing conditions rather than special intrinsic properties



§ Again: Afterglow / Forward Shock
§ Subdominant prompt component at early times?

Paper says : <20% during first 100 s (IS,rec) – Short discussion: photosphere

Duration of the prompt phase? T90 ~100-300 s (1st paper); duration ∞ 25 s (2nd paper)

Onset of the afterglow phase: ~ 5-10 s ?

§ Dominant: accelerated electrons
up to LAT: synchrotron ; MAGIC: SSC

§ SSC component is energetically important

§ Weak proton emission?

- Proton synchrotron:

slope –(p+1)/2
above nm

GRB190114C: interpretation

at 100 s !



GRB190114C: model

with EBL attenuation

without gg



GRB190114C: model Afterglow: external shock

Onset ~ 5-10 s
Initial Lorentz factor ~ 300-700
Lorentz factor at 100 s ~150

-Syn peak at ~10 keV
-IC peak at < TeV
(flat spectrum)

Then:

(2 103)

Synchrotron peak:                                                                        Then:

Problem: - low electron Lorentz factor: low ee

- high magnetic field: high eB
- Then: low ee / eB implies a low efficiency of SSC…

This leads to a more complex model when the SSC peak
is affected by KN and gg.



GRB190114C: model
Detailed model:

Kinetic energy > 3 1053 erg
Efficiency of prompt phase > 50%

Radius ~ (8-20) 1016 cm at 100 s

Microphysics:
ee ~ 0.05-0.15 ; p ~ 2.4-2.6 ; gm ~ (0.8-2) 104 at 100 s
eB ~ 0.00005-0.001 ; B ~ 0.5-5 G at 100 s

ee >> eB : efficient SSC 
At 100 s: comparable powers syn and IC

Exernal medium:
- Wind does not work
- Uniform: next ~ 0.5-5 cm-3



GRB190114C: model
- nm crosses the X-rays at ~102 s.
- nm crosses the optical band at ~105 s.



GRB190114C: model

Early NIR-V not modeled (RS) – Late radio: not reproduced. 



Summary:

§ Two nice and clear detections
§ A new window on GRB afterglows
§ Optimistic prospects for CTA

§ Prompt TeV emission?

§ Afterglow physics: is the external shock + SSC explanation enough?

Things to investigate:
effect of pair enrichment in external medium at early times,
possible contribution of a long lived RS, 
…


