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Overview
Goal:
● Deliver a catalog of the non-detected GRBs with MAGIC 
● Discuss the implications of non-detections

Criteria:

● Non-detected GRBs followed up by MAGIC from 2013 (post automatic procedure update 
catalog) to 2019 (change of follow-up strategy)

● GRBs observed in good conditions (stereo, good weather, no strong moonlight)

Analysis workflow:

● MAGIC: MAGIC std data analysis + Upper Limit (UL) calculation (Zanin et al. 2013, Aleksic et 
al. 2016, Rolke et al. 2005)

● MWL: Swift-XRT and Fermi-LAT simultaneous observations
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https://inspirehep.net/literature/1412925
https://www.sciencedirect.com/science/article/pii/S0927650515000316
https://www.sciencedirect.com/science/article/pii/S0927650515000316
https://www.sciencedirect.com/science/article/pii/S016890020501291X


The sample
● 66 GRBs followed-up (9.4 GRBs/yr): 

○ 24 discarded:
■ degraded/unstable atmospheric transmission (21 

out of 24) 
■ Technical issues affected data quality (3 out of 24)

○ 42 GRBs selected for 
data analysis

Estimated expected rate of followed-up alerts (Alert 
criteria, moon break, safety limits, tech problems):

● 9.6 GRBs/yr = 6.7 GRBs/yr (Swift) + 2.9 GRBs/yr 
(Fermi)
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Fermi 17
2.4 GRBs/yr

INTEGRAL 3Swift 46
6.6 GRBs/yr



            

         

   

   

   

   

   

 
 
 
  
 
  

 
 

                

   

          

      

The sample
● 42 GRBs selected for data analysis

■ 38 lGRBs and 4 sGRBs
■ 15 has a measured redshift z 

(14 lGRBs and 1 sGRB)

● 5 GRBs observed during prompt phase 
(Tdelay / T90 < 1)

■ 3 with unknown redshift
■ GRB131030A (z = 1.295) → bad 

atmospheric conditions
■ GRB141026A z =3.35

190114C

160821B

Best GRB candidates for VHE emission have short delays (Tdelay < 104 s) and low redshift (z < 1)

190829A
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The MAGIC analysis
• MAGIC Upper Limits (ULs) estimated assuming:

▪ Spectral shape and photon index for intrinsic or 
observed spectrum

▪ EBL models: Dominguez+11 (D11), Gilmore+12 
(G12), Franceschini+18 (F18)

▪ Defined time and energy intervals
▪ Tests performed on collection area, energy 

threshold and energy range (less than 30% 
systematic uncertainty required)

• 39 GRBs (excluded 3 hints of detections) splitted into
two samples:
▪ S1: GRBs with unknown z or z > 2 or Zd > 40° (33 

out of 39)
▪ S2: GRBs with z < 2 and Zd < 40° (6 out of 39)
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https://academic.oup.com/mnras/article/410/4/2556/1008012
https://academic.oup.com/mnras/article/422/4/3189/1050758
https://www.aanda.org/articles/aa/full_html/2017/07/aa29684-16/aa29684-16.html


S1: GRBs with unknown z or z > 2 or Zd > 40°

○ Deliver a list of ULs on the observed flux in 
several energy bins

○ Assumed observed spectrum: pwl dN/dE = E-ɑ 

with ɑ=3.5 (optimistic scenario, similar to 
GRB190829A) or ɑ=5.5 (similar to 
GRB190114C and GRB201216C) (2 ULs)

○ Energy range estimated from:
■ lower edge: analysis threshold or systematics 

uncertainties on coll. Area < 30%
■ upper edge: Ebin with 1 TeV (avoid huge 

uncertainties due to EBL absorption)

○ Time intervals: night-wise ULs
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S1: GRBs with unknown z or z > 2 or Zd > 40°
A comparison: observed ULs at selected energies (150 GeV and 250 GeV) and MAGIC and CTA-

North 2σ sensitivities (Fioretti et al. 2019)

MAGIC 150 GeV

CTAO-North 150 GeV

201216C

180720B
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https://arxiv.org/abs/1907.08018


A comparison: observed ULs at selected energies (150 GeV and 250 GeV) and MAGIC and CTA-
North 2σ sensitivities (Fioretti et al. 2019)

S1: GRBs with unknown z or z > 2 or Zd > 40°

MAGIC 250 GeV

CTAO-North 250 GeV

190114C

221009A
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https://arxiv.org/abs/1907.08018


S2: GRBs with z < 2 and Zd < 40°

○ Compute ULs on the EBL de-absorbed flux in selected energy range and time intervals

○ Assumed EBL de-absorbed spectrum: pwl dN/dE = E-ɑ with ɑ=1.6 or ɑ=2.2 → best-fit value of 
GRB180720B and GRB190114C+ SSC theoretical scenario (2 ULs)

○ EBL models: D11/F18 and G12 (2x2 ULs)

○ Energy range estimated from:
■ lower edge: analysis threshold or systematics uncertainties on coll. Area < 30%
■ upper edge: 1.5 TeV in energy rest-frame (highest photon for GRB190114C)

○ Time intervals: 
■ Single night-wise ULs or two ULs for each night (observational duration, 

conditions)
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S2: GRBs with z < 2 and Zd < 40°
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S2: GRBs with z < 2 and Zd < 40°: MWL analysis

TeV-detected GRBs (so far): LVHE similar to LX-ray→ PIC and Psync

Open questions:

● do all GRBs have a VHE emission component with luminosity similar to the 
simultaneous X-ray luminosity?

● are the VHE-detected GRBs a peculiar population with particularly bright 
VHE emission? 

We tackled these open questions comparing the MAGIC ULs and the XRT de-absorbed 
X-ray fluxes
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S2: GRBs with z < 2 and Zd < 40°: MWL analysis

We tackled these open questions comparing the MAGIC ULs and the XRT de-
absorbed X-ray fluxes

● MAGIC ULs: EBL de-absorbed (F18, G12) x PWL spectrum (1.6, 2.2);
z < 2 and Zd < 40° (avoid EBL and systematics): 6 cases

● XRT fluxes: de-absorbed X-ray fluxes integrated in 0.3 - 10 keV (observer 
frame)

● XRT average flux: same of MAGIC flux UL 

● Swift-BAT fluxes
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S2: Comparison with X-ray fluxes
Late-time MAGIC follow-up (Tdelay > 104 s), night-wise ULs, add LAT fluxes

MAGIC ULs above XRT flux or no simultaneous X-ray data

MAGIC ULs

XRT

MAGIC ULs

XRT
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S2: Comparison with X-ray fluxes
Early MAGIC follow-up (Tdelay < 100 s), splitted ULs

MAGIC ULs lies very close (or below) the average XRT flux: can VHE be constrained?

XRT

XRT

MAGIC ULs

MAGIC ULsBAT BAT
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S2: Comparison with X-ray fluxes
Spectral MAGIC and XRT analysis in simultaneous time intervals

MAGIC differential ULs well above XRT flux

XRT

MAGIC ULs

XRT

MAGIC ULs

15



Conclusions
● 66 GRBs followed-up by MAGIC (‘13-’19) presented here:

○ 42 GRBs with successful data taking and analysis → 39 non-detected; 15 with redshift
○ 33 GRBs with no z or z > 2 or Zd > 40° (S1); 6 GRBs with z < 2 and Zd < 40° (S2)
○ Best candidates for detection: Tdelay < 104 s and z < 1 → (190114C and 160821B)

● MAGIC flux UL derived for non-detected GRBs (EBL, spectrum, systematics, time/energy intervals)
○ S1: 33 GRBs (no z or z > 2 or Zd > 40°): no different intrinsic properties wrt TeV-detected GRBs; ULs at level of 2𝞼

MAGIC sensitivity → fainter or farther (strong EBL)
○ S2: 6 GRBs with z < 2 and Zd < 40°: MWL analysis and comparison (TeV - X-ray) performed

● VHE emission from MAGIC is constrained to be no more than 5-10 times brighter than the simultaneous X-ray
emission

● The presence of a universal VHE component in GRBs similar to current population of TeV detected GRBs (LVHE ~ 
LX-ray) is still open and cannot be excluded

● CTAO improved sensitivity will provide an increased number of detections but also a larger number of 
constraining ULs → crucial information for VHE GRB population 16
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