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background light 
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spectrum
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The BL Lac PKS 
2155-304 in R-band. 

z=0.116

(source:Wiki, ESO-NTT)

γ+EBL ⇾ e⁺ e⁻

https://sv.qaz.wiki/wiki/PKS_2155-304
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A cartoon of GRB jet from a 
collapsing star

A simple model of GRB light curve
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https://arxiv.org/abs/1401.3012
https://www.nature.com/articles/s41586-019-1743-9
https://www.nature.com/articles/s41586-019-1750-x
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A. Data Clean
Removing outliers from 

reconstruction

B. Pre Selection 
training

Selecting well 
reconstructed events

C. G/H Separation
Removing proton induced 

showers

D. Energy 
Reconstruction



8

A. Data Clean
Removing outliers from 

reconstruction

B. Pre Selection 
training

Selecting well 
reconstructed events

C. G/H Separation
Removing proton induced 

showers

D. Energy 
Reconstruction
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A. Data Clean
Removing outliers from 

reconstruction

B. Pre Selection 
training

Selecting well 
reconstructed events

C. G/H Separation
Removing proton induced 

showers

D. Energy 
Reconstruction
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A. Data Clean
Removing outliers from 

reconstruction
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Selecting well 
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Only moonless night observation+pointing

ALTO HAWC

https://arxiv.org/pdf/1509.02896.pdf
https://arxiv.org/pdf/1701.01778.pdf
https://www.cta-observatory.org/science/cta-performance/
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Expected ALTO performance in low energies,
● GRB 180720B (z = 0.653), could be seen with ALTO 

○ With 6.8 σ in the first minute after the burst alert.
○ Due to decaying nature of the light curve of GRBs, the significance reduces to 4.5 σ for the first 

6 minutes of observation. 
● GRB 190114C (z = 0.425)

○ 9.7 σ during the first 40 minutes

This demonstrates that ALTO , given the low energy threshold and good performance could detect GRBs (No 
GRBs so far detected with ground based particle detectors, for instance HAWC).

Expected ALTO performance in high energies,
● PKS 2155-304 flare in 2006
● Assuming such an AGN flare,

○ at z = 0.6
○ flaring for two months
○ Viewed through gal. plane
○ 6.5 σ in E > 10 TeV

G. Galanti et al. 2019 
ALP Model
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Running since Feb ‘19

https://omlc.org/spectra/PhotochemCAD/html/077.html
https://www.commonchemistry.org/ChemicalDetail.aspx?ref=92-71-7
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● Used for monitoring the detectors ( 2,3; 8,9 )
● Micro/Mini HiScore stations - refer next talk by Gasper.

Feb 2019 - Sep 2020 Since Sep 2020
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Thank you for your attention

https://astrogamma.se/
https://twitter.com/astrogamma


BACKUP SLIDES
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low-energy gamma-rays high-energy gamma-rays very-high-energy gamma-rays… Hard X-rays

100 
keV

100 
MeV

100 
GeV

100 
TeV

Space-based observation Ground-based observation

Swift X-ray telescope (< 150 keV)

The Fermi Gamma-ray Space Telescope ( ~ keV < E < 300 GeV )

UHE γ-rays ...

H.E.S.S., MAGIC, VERITAS (> 100 GeV)

HAWC (> ~1 TeV )

Comments on GRB observation by current observatories

Swift BAT and Fermi GBM are outstanding in detecting, alerting and monitoring, in 
case of a GRB in their respective energy range.

~ 1 GRB / day

In GRB180720B, H.E.S.S. started observing after 10 hours due to 
daylight.
In GRB190114C, MAGIC took 57 seconds to point to its location. Even 
57 seconds is too long to catch a short GRB (< 2 s). But for any type of 
ground-based VHE detection, this will be difficult.

Existing HAWC observatory 
hasn’t observed GRBs yet.
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Attenuation in VHE Spectrum 
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z = 0.5

z = 3

Intrinsic source 
spectrum

energy

flu
x

γ+EBL ⇾ e⁺ e⁻
Observed GRB 

Spectrum

Extragalactic 
background light 

(EBL) absorption.

Cosmic Optical Background (COB) + Cosmic 
Infrared Background (CIB) = 

Extragalactic background light (EBL) spectrum.

γ+EBL ⇾ e⁺ e⁻γ+EBL ⇾ e⁺ e⁻



GRB Spectra
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GRB190114C afterglow emission described by non-thermal 
Synchrotron Self Compton (SSC) model.

Energy (eV)

10³ 10⁶ 10⁹ 10¹²

Band

Thermal

“Band + Thermal” model describing prompt 
GRB110721A spectrum observed by Fermi 
space telescope (in detail in the following 

slides).



GRB 180720B
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Fermi GBM 
Swift BAT

z = 0.653

T0+ 10 min20 Jul 2018
14:21 UT (T0)

● Swift XRT: 2nd bright 
ever observed 
(0.3 - 10 keV).

● T90 = 48.9 s 
               (long GRB)

● Fermi GBM: 7th 

brightest.

Fermi LAT

    

● 5 GeV is the 
maximum photon 
energy detected by 
Fermi LAT during the 
first 10 mins.

● Then there was no 
emission detected by 
LAT in 100 MeV - 100 
GeV after 10 mins

T0+ 10.1 hr

H.E.S.S.

● Observed afterglow 
for two hours.

● 100 - 440 GeV
● 5.3 σ detection in VHE 

domain for the very 
first time.

T0+ 30 days

Swift XRT

● Afterglow is observed 
for ~30 days in the 
energies < 10 keV

Significance map of GRB180720B observed by H.E.S.S.long burst ⇒  T90 > 2 s 



GRB 190114C
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Swift BAT
Fermi GBM

z = 0.425

T0+ 57 s14 Jan 2019
20:57 UT (T0)

● Swift-BAT : 
               T90 = 362 s 

● Fermi-GBM :
               T90 = 116 s
               (long GRB)

  

● Observing early stage of 
the afterglow emission in 
< 1 TeV for the first time.

● For first 20 mins, detected 
gamma-rays > 200 GeV 
with 50σ significance.

MAGIC MAGIC

● The most luminous 
object in the energy 
0.3 - 1 TeV.

Spectrum observed by MAGIC during T0+ 62 sec to T0+ 41 mins
The plot also demonstrates the effect of EBL absorption.

T0+ 4.5 h

long burst ⇒  T90 > 2 s 


