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Talk outline

Gamma-ray bursts!

Phenomenology at high-energies!

Perspectives and searches at VHEs !

The first GRBs at sub-TeV energies 
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GBM NaI

GBM 
BGO

LAT

NaI: 8 keV - 1 MeV

BGO: 200 keV - 40 MeV

LAT: 30 MeV – 300 GeV

The GBM detects ~250 GRBs/year 

~18% short

~50% in the LAT FoV

The LAT detects ~15 GRBs/year 

The LAT and GBM on Fermi

Gamma-ray bursts

The standard fireball model of GRBs
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E. Bissaldi                                                                                      ICRC • Madison (WI) • 26 July 2019                                                                                           4

Gamma–Ray Bursts

Æ The keV emission kicked off the GRB show in the ‘70s!

� What we know now:
1. GRBs are cosmological

2. GRBs have large bulk Lorentz factors

3. 2 emission phases:
Prompt and afterglow

4. Long and short GRBs

5. Spikes have same durations

6. Supernova connection

7. Common behaviors and trends

MERGER SCENARIO (short GRBs)

COLLAPSAR SCENARIO (long GRBs)

«Pillars of knowledge» [Ghisellini 2010]

prompt emission

(but see Fermi-LAT data 
for GRB 130427A) 

afterglow 
synchrotron spectrum
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High-energy emission from GRBs 15

correlated with the temporal variation observed in the prompt keV-MeV emission.
The most noticeable example is represented by GRB 090926A.60,61 The

lightcurve in six di↵erent energy ranges is reported in Fig. 5 (left-hand panel).
A simultaneous, short spike in the lightcurve around T = 10 s is present across
all energies, from several keV to at least 1GeV. A time resolved spectral analy-
sis (right-hand panel in Fig. 5) revealed that during the spike (time interval c) an
additional spectral component peaking between 0.1 and 1GeV is present. Above
1GeV the paucity of photons makes di�cult to assess the presence of variability
and temporal correlation with the emission at lower energies.

A recent analysis on a sample of 5 bright GRBs (080916C, 090510, 090902B,
090926A, and 170214A) is reported in Ref. 51. In their study, the authors search
for a temporal correlation between the HE emission and the keV-MeV emission,
selecting GRBs with good photon statistics. Moderate evidence of variability and
temporal correlation with the prompt component is found in all five cases. However,
this result might be driven by photons below 1GeV, where a contamination from
the prompt component is likely.
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Fig. 5. Left: lightcurve of GRB 090926A in di↵erent energy bands. Right: best fit models obtained
from the joint GBM-LAT time-integrated (upper panel) and time-resolved (lower panel) spectral
analysis of GRB 090926A. Both figures are taken from Ref. 60.

Phenomenology from Fermi-LAT

Bright LAT bursts indicate presence of late onset of a 
GeV component

4

GBM 
10-50 KeV

50-500 keV

0.5-5 MeV

LAT >1 MeV

>100 MeV

en
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 [M

eV
] 95 GeV

GRB 130427Anew GeV 
component?

Slide adapted from A. Stamerra

GRB 090926A

Spectral analysis of GRB 190114CSpectral analysis of GRB 190114C

Prompt

Afterglow

➔ The first 4 s of the burst show a typical prompt typical prompt 
emission spectrumemission spectrum, fit by a standard fitting function 
with typical parameters 

➔ Starting from 4 s post-trigger, we find an additional 
non-thermal component, fit by a power-law with power-law with 

spectral index                  spectral index                  peaking at 6 s  ΓPL∼−2

Fermi/GBMFermi/GBM

Evidence of compresence of promptprompt and afterglowafterglow
in the GBM energy range

Ioffe Workshop on GRBs and other transient sources: 25 Years of Konus-Wind Experiment Ioffe Workshop on GRBs and other transient sources: 25 Years of Konus-Wind Experiment 
09/09/2019 - St.Petersburg, Russia09/09/2019 - St.Petersburg, Russia

Modified from 
Abdo et al.,2009

Ravasio M.E., Oganesyan G., et al., 2019, A&A
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Phenomenology from Fermi-LAT

Bright LAT bursts indicate presence of late onset of a 
GeV component
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GBM 
10-50 KeV

50-500 keV

0.5-5 MeV

LAT >1 MeV

>100 MeV
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 [M
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] 95 GeV

GRB 130427A

Slide adapted from A. Stamerra

• Late HE photons challenge emission 
from Sy origin by shock accelerated 
electrons (Ackermann+ 2014) 
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Phenomenology from Fermi-LAT

Synchrotron “Burnoff” limit

6

Slide adapted from A. Stamerra

• Maximum energy above which the timescale for radiative 
synchrotron losses becomes shorter than the acceleration 
timescale (see L. Nava 2018)

95 GeV photon!
GRB 130427A

prompt < T90

afterglow > 3xT90

homogeneous 
medium

wind medium

Most of photons above the limiting 
lines cannot be reconciled with a 
simple shock acceleration / 
synchrotron scenario unless by 
recourse to extreme choice of 
parameters and acceleration 
conditions.

Ulisses Barres | Kavli - IAU Coordination Workshop | Cape Town 2020



Early perspectives for GRBs in 
the very-high-energies

Ten years of GRB observations with Fermi LAT!
(Ajello et al. 2019)

7

5.2. Onset and Duration of the High-energy Emission

As in the 1FLGC, we can firmly establish the general trend
that high-energy emission from GRBs tends to have delayed
onset and longer duration as compared to emission at lower
energies. However, Figure 7(c) also shows that when high-
energy emission is detected, it starts during the prompt phase in
>60%of the cases. The majority of the other GRBs were
outside the LAT FOV at trigger time, meaning that the fraction
is likely even higher. This is an interesting result that provides
valuable input to models of the emission mechanisms and will
be discussed further in Section 6.

Figure 7 shows how varied the difference between TGBM,05
(calculated in the 50–300 keV range) and TLAT,0 (100MeV–
10 GeV) can be. In some cases, the LAT emission is
completely contemporaneous with the GBM. In other cases,
the LAT emission starts hundreds or even thousands of seconds
later. Considering only bursts that were in the LAT FOV at the
time of trigger, there are a number of cases where the high-
energy emission came much later than the one at lower
energies. For example, GRB 160503A shown in the right panel
of Figure 6 was at θ=25.1° at TLAT,0, and it remained in the
FOV for over 2 ks without any high-energy emission being
seen. The first detection instead came much later, at 5 ks. These
extreme delays are much longer than the ones seen in the
1FLGC and represent a new result in the 2FLGC.
In addition to greater delays, we now report much longer

durations. In the 1FLGC, the longest duration reported was
>800 s for GRB 090902B. In the 2FLGC, many GRBs have
durations of order 103 s, with the longest duration being 35 ks
(GRB 160623A). In general, the durations have increased also
for most bursts contained in the 1FLGC, likely due to better
sensitivity as a result of Pass 8 (we note, however, that the
duration estimates were made using a different technique as
described in Section 3.6.2, so the numbers are not directly
comparable).

5.3. Comparison with GBM Flux and Fluence Distribution

As already presented in Section 4, the LAT-detected GRBs
tend to sample the upper range of the GBM flux and fluence
distribution (Figure 13). At the high end of the GBM fluence
distribution, the LAT detects a high fraction of the GRBs;
above ∼10−4 erg cm−2 the two distributions practically overlap
(left panel). The few additional bursts seen by the GBM could
be explained by some GRBs being outside the LAT FOV or at
high zenith angles. The effect of the θ angle is further
investigated in Ajello et al. (2018), who show that this is the
main factor determining LAT detectability. The bias toward
high GBM flux and fluence for LAT-detected bursts is
therefore not related to a difference in sensitivity between the
instruments.

Figure 23. Isotropic luminosity Liso calculated in the 100 MeV–100 GeV rest-frame energy range for the 34 GRBs in our sample with measured redshift. The left
panel shows Liso vs. the time elapsed since the trigger. GRB090510 is the only short GRB with known redshift, and it is marked with black stars. In the middle panel
Liso is plotted against the time elapsed since the trigger in the rest frame. In the right panel, we show Liso divided by the isotropic energy (calculated in the 1 keV–
10 MeV rest-frame energy range) vs. the time elapsed since the trigger in the rest frame. We mark GRB 160623A, which represents an outlier of the distribution (see
text for explanation), with orange crosses. The solid line shows a linear fit, giving a decay index of 1.25±0.03. For comparison, we also show a dashed line with
decay index 10/7.

Figure 24. Fraction of GRBs with the highest-energy photon detected above
selected threshold energies (250 MeV, 500 MeV, 1 GeV, 5 GeV, 10 GeV,
50 GeV; green solid line). The distribution of the source-frame-corrected
energies for the redshift sample is indicated with the dashed green line. The
dashed black line denotes a linear fit to the values corresponding to the center
of each bin.
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Looking at the high end of the flux distribution (middle panel
of Figure 13), the fraction of GRBs not seen by the LAT is
higher. This shows that the flux might not be such a good
indicator for high-energy emission. While the fluence is a
measure of the total energy output, the flux simply shows the
“strength” of the peak. The light curves also show clear
differences, and peaks at low energies are not necessarily
mirrored at high energies. An example of this is GRB
180728A, where the GBM peak flux was about 230
photons cm−2 s−1 (Veres et al. 2018), but no detection was
made at high energy even though the burst was inside the LAT
FOV (θ∼ 35o). This is likely due to the low value of Epeak,
80 keV; indeed, the flux was dominated by energies below
50 keV.

However, the LAT has also detected GRBs that have
relatively low fluence in the GBM. These outliers are
predominantly short GRBs, where the low fluence is naturally
explained by the short duration. The fluence distribution of
sGRBs in the GBM is also shifted to lower values overall. Also
for sGRBs there is a tendency for the LAT to sample the higher
fluence end of the GBM population, but this is much less
marked than for the lGRBs.

The result that the LAT detections are biased toward the
brighter GRBs was clear already in the 1FLGC. However, with
the larger sample, the picture presented here becomes more
nuanced. The sGRBs show that high-energy emission can be
produced even at lower fluence, raising the question of why not
more lGRBs are detected. There may be differences in the
emission mechanisms or environments between the classes that
explain why low-fluence sGRBs are more likely to be detected
in high-energy emission than lGRBs of similar fluence. For
instance, lGRBs are expected to have a denser circumburst
medium, as they are coupled to massive stars that have strong
stellar winds.

The possibility of GeV emission from sGRBs is particularly
interesting in the light of GW170817 and the associated sGRB
170817A (Abbott et al. 2017a, 2017b; Goldstein et al. 2017).
This event was outside the LAT FOV and had a fairly low

fluence of 2.8×10−7 erg cm−2. However, Figure 13 shows
that the LAT has detected GRBs with a similar fluence. This is
very promising in view of the upcoming observation period
scheduled to start in spring 2019, showing a strong potential for
LAT detections of similar events (see also Ajello et al. 2018).

5.4. Origin of Emission below 100 MeV

In our sample almost twice as many GRBs are detected
above 100MeV (169) as in the 30–100MeV LLE range (91).
Several studies have found evidence for a separate spectral
component behind the emission above 100MeV, and high-
energy cutoffs between the LLE and LAT energy ranges have
also been seen (e.g., Vianello et al. 2018). The behavior of the
emission below 100MeV further shows more similar temporal
behavior to the GBM range than do the data above 100MeV
(see Figures 7 and 12). The LLE-only GRBs in our sample
would then be the result of the low-energy emission being
strong enough (and/or Epeak at high enough energy) to extend
into the LLE range. As the burst evolves, Epeak moves to lower
energies, and the emission in the LLE range will therefore
appear to fade before that at lower energies. This explains the
fact that the duration at 30–100MeV is almost always shorter
than the one measured by the GBM. This picture also explains
the fact that the LLE emission appears to start earlier than the
GBM emission in a few cases (left panel in Figure 12). As the
duration is shorter in the LLE range, this will naturally make
the value of TLLE,05 shorter as well. Again, it is just a sign that
the emission in the GBM range lasts much longer than the one
in the LLE range.
For GRBs detected in both LAT and LLE energy ranges, the

duration is generally shorter in the 30–100MeV band. While
direct comparison of the TLLE,90 and TLAT,100 should be done
with caution, the large differences in duration here clearly point
to an intrinsic origin rather than observational bias. For
example, in the LLE range the effective area is up to a factor
of 2–3 lower than that above 1 GeV; however, the TLAT,100 can
be more than an order of magnitude longer than the TLLE,90.

Figure 25. Energy vs. arrival time for the highest-energy photon of each GRB. In the right panel, the arrival time is normalized to the duration (T90) calculated in the
50–300 keV energy range (indicated by the dashed vertical line). Blue and red circles represent long and short GRBs, respectively.
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IACT typically  
expected  
detections

Only 20% of the circa 150 Fermi-LAT 
detected GRBs have highest-energy 
photons detected above 50 GeV, and 
only a handful of these with arrival 
times over 100 s.
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The first gamma-ray bursts 
detected at TeV energies



MAGIC observed GRBs

9

• 105 GRBs observed since 2005 
(c. 8 GRBs/yr)

• programme profiting from light structure and 
fast movement capability (180º in 30s)

5

Alert system

8-10 GRB follow-up/year.

Duty cycle  ~10%

Alerts are validated

Zd sun < 103.0

Zd GRB < 60.0

Moon dist. > 30.0

+ Fermi GBM

dedicated filters

(max obs time: 4h)

A multi-thread 

C program manages 

the communication 

between GCN and 

Telescope control 

• a robust alert and follow-up system

• first GRB caught in prompt 
phase was GRB 05713A at 
T0+40s, E > 175 GeV.

• 24 GRBs within T0+100s

A discovery long sought-after

Ulisses Barres | Kavli - IAU Coordination Workshop | Cape Town 2020

GRB 190114C



GRB 190114C

The extraordinary detection of an ordinary GRB
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18

A normal guy! (Part I, intrinsic)

L
e
v
a
n

 e
t 

a
l.
 S

p
a
c
e
 S

c
ie

n
c
e
 R

e
v
ie

w
s
, 
V

 2
0

2
, 

I 
1

-4

GRB 190114C has low 
redshift: z = 0.4245 ± 
0.0005 (A. J. Castro-Tirado GCN 

23708) and  medium-bright 
burst.

The energetics and the 
values of the parameters 
obtained from the 
modelling indicate that it 
is a relatively common 
kind of bursts.

• GRB 190114C was a low-redshift 
event (z=0.42), of only average 
brightness, detected at high 
zenith angle
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The MAGIC observations

Data acquisition by MAGIC started 35s after the alert, 
at T0+57s

11

                  afterglowprompt

Crab emission level

MAGIC Collaboration,Nature,575,455-458(2019) !

Ulisses Barres | Kavli - IAU Coordination Workshop | Cape Town 2020



The MAGIC observations

The measured spectrum from 
T0+68s to T0+2454s shows no 
break or cutoff in the 0.2-1TeV band !
!

Spectral index ~ 2.2 (0.2)!
!

Total energy flux emitted @ sub-TeV 
about half the flux emitted in X-rays 
in the same interval

12

highest E photons ~ 1 TeV

Emission cannot be reconciled with 
the synchrotron mechanism, much 
above the burnoff limit.

Ulisses Barres | Kavli - IAU Coordination Workshop | Cape Town 2020

Slide adapted from E. Moretti



MWL Campaign

1312

Multi-wavelength temporal pro3le

Prompt

● The prompt 
phase lasts for 
~12s;

● MAGIC start its 
observations in 
the so-called 
early afterglow 
phase;

● Because of its 
temporal pro7le 
the sub-TeV 
emission is 
produced in the 
same conditions 
as the GeV and 
X-ray emissions.

• Prompt phase lasted for 
12 s!
!

• MAGIC observations 
started in the early-
afterglow phase!
!

• The temporal profile 
suggests that the sub-
TeV emission originates 
in similar conditions to 
the X-rays and GeVs, in 
the forward external 
shock.

Ulisses Barres | Kavli - IAU Coordination Workshop | Cape Town 2020

Slide adapted from E. Moretti



Not the single GRB in 2019…

14

• H.E.S.S. announced in May the (marginally significant) detection of 
GRB 180720 (z=0.653) 

• Detection happened in the late afterglow 10h after T0! 
  with much implication for future detection perspectives.

H.E.S.S. Collaboration, Nature, 2019

Ulisses Barres | Kavli - IAU Coordination Workshop | Cape Town 2020



Not the single GRB in 2019…

15

• A second detection by H.E.S.S., of GRB 190829A, 
also in late afterglow! 

including a 98 GeV photon detected at 243 s after T
0

and a 32GeV photon detected 34 ks after
the onset. The energy of these photons significantly exceeded the synchrotron limit E

syn,max

(obtained by equating the cooling to the acceleration rate of particles in a decelerating blast wave,
see [18] for details), suggesting the rise of a new spectral component (most likely synchrotron
self-Compton) to account for the HE-detected emission [19]. Despite the expected synchrotron
limit, evidence of a single spectral component up to the Fermi-LAT energy range was found,
and a synchrotron origin remained as a feasible explanation for all of the detected emission [20].
GRB 130427A is one of the most remarkable afterglow observations thanks to its relatively
nearby location, extremely bright emission and wide multi-wavelength coverage.

Figure 2. X-ray luminosity light curve of the three gamma-ray bursts with very-high-energy
detection in 2018 and 2019. The shaded regions correspond to the observation windows of
H.E.S.S. for GRB 180720B and GRB 190829A, and MAGIC for GRB 190114C.

Since the origin of the detected HE emission of GRB 130427A remained under debate, VHE
observations of GRBs were strongly motivated. The measurement of VHE photons, together
with spectra at other wavelengths, can provide strong constraints on the circumburst medium
characteristics, bulk Lorentz factor, and magnetic field strength, and provide insights into the
emission and particle acceleration mechanisms at relativistic shocks. Over many years there were
extensive e↵orts towards VHE GRB detection (see [21–24]). These programmes were finally, and
richly, rewarded in the last year with the afterglow detection of GRB 180720B with the H.E.S.S.
telescopes1, the prompt-to-afterglow detection of GRB 190114C [25] with the MAGIC telescopes
and once more with the afterglow detection of GRB 190829A with H.E.S.S [26]. Figure 2 shows
the X-ray luminosity light curve for each of these GRBs with the shaded region indicating the
time coverage of each VHE detection and highlights the wide range of timescales in which VHE

1 GRB180720B TeVCat entry:http://tevcat.uchicago.edu/?mode=1;id=329

Hinton & Ruiz-Velasco 2019.

X-ray light-curves

• Recall a 4σ hint signal from the 
short GRB 160821B (Berti et al. 
2019), at z=0.16, and recently 
associated to a kilonova (Lamb et 
al. 2019, Troja et al. 2019)

Pre
lim

ina
ry

Strenghens the 
prospects for GW  

counterpart searches

Ulisses Barres | Kavli - IAU Coordination Workshop | Cape Town 2020
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Full-sky coverage – 2 sites 

99 telescopes

19 telescopes

R. Zanin | 5.12.2019 Sydney, TeVPa

The next generation:  !
The Cherenkov Telescope Array

17
Ulisses Barres | Kavli - IAU Coordination Workshop | Cape Town 2020



Hybrid instrumental design and 
multiple R&D partners

18
Ulisses Barres | Kavli - IAU Coordination Workshop | Cape Town 2020

Science cases and design

TeV multi-TeV sub-TeV

• Davies-Cotton optical design
• 12 m mirror diameter
• PMT camera

• Parabolic op[cal design
• 23 m mirror diameter
• PMT camera

• Schwarzschild-Couder
optical design

• 4 m dual mirror 
• SiPM T camera

R. Zanin | 5.12.2019 Sydney, TeVPa

Slide adapted from R. Zanin
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Full-sky coverage – 2 sites 

99 telescopes

19 telescopes

R. Zanin | 5.12.2019 Sydney, TeVPa

The next generation:  !
The Cherenkov Telescope Array

19

LST Inauguration, OCT 2018

First Light, NOV 2019

Crab

Ulisses Barres | Kavli - IAU Coordination Workshop | Cape Town 2020
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Fermi LAT 

TeV energies - Sensitivity (steady sources)

TeV 

• deepest sensitivity ever
• arcmin angular resolution
• large FoV

- Surveys & precision studies

From 10-12 to 10-13 erg/cm2s

R. Zanin | 5.12.2019 Sydney, TeVPa

CTA: major evolutions from 
current status

20

Unique sensitivity!
to search for!
PeVatrons

Unprecedented!
cosmological !
reach.

The CTA extragalactic!
survey will provide !
first unbiased view!
of source populations!
in the VHEs

Ulisses Barres | Kavli - IAU Coordination Workshop | Cape Town 2020



CTA: major evolutions from 
current status

4

Fermi LAT 

sub-TeV energies - Flare sensitivity 

sub-TeV

• Deepest sensitivity for 
short timescale phenomena

- Time domain unexplored
à cosmological sources

21

CTA will be a unique!
transient observatory !
at the highest energies.

Ulisses Barres | Kavli - IAU Coordination Workshop | Cape Town 2020



GRB perspectives with CTA

4

Fermi LAT 

sub-TeV energies - Flare sensitivity 

sub-TeV

• Deepest sensitivity for 
short timescale phenomena

- Time domain unexplored
à cosmological sources

22

CTA will be a unique!
transient observatory !
at the highest energies.

Ulisses Barres | Kavli - IAU Coordination Workshop | Cape Town 2020

CTA observations of 
GRBs:!!
> 100 photons from !
average GRB E > 30 GeV!!
+ unprecedented spectral 
and temporal resolution



GRB perspectives with CTA

4

Fermi LAT 

sub-TeV energies - Flare sensitivity 

sub-TeV

• Deepest sensitivity for 
short timescale phenomena

- Time domain unexplored
à cosmological sources

23

CTA will be a unique!
transient observatory !
at the highest energies.

Ulisses Barres | Kavli - IAU Coordination Workshop | Cape Town 2020

CTA observations of 
GRBs:!!
> 100 photons from !
average GRB E > 30 GeV!!
+ unprecedented spectral 
and temporal resolution

GRBs with CTA: expected rates and 
strategy 
•  CTA	will	respond	to	external	GRB	alerts	mostly	from	Fermi/GBM,	Swift,	SVOM,	
etc.	(12/yr/site	follow-up	are	expected	during	dark	moon	and	with	z<70°)		

•  RTA	will	check	for	GRB	detection	~Tslew+30s		
•  Detection	rate:	~	1	GRB/yr/site		

Summary	of	GRB	follow-up	strategy	per	one	site		
(see	Table	9.2	from	“Science	with	CTA”	Consortium	paper,	World	Scientific,	10.1142/10986,	arxiv:1709.07997)		

à	Real	Time	Analysis	<30s	

à	based	on	1)	GRB	population	model	tuned	to	match	Swift	observations	+	2)	

assumptions	on	VHE	based	on	Fermi/LAT	observations	

G.	Stratta		 CTA	Consortium	Meeting,	21-24	Oct	19	Bologna	

Fermi/GBM, Swift, SVOM, etc.



Few	ns	light	flash

Few	ns	spread	in	
particle	arrival	at	each	
detector

5

Coming of age of the wide-
field facilities

Wide-field instruments, based on the direct detection of the 
air shower particles, are the natural complement to 
Cherenkov telescopes at VHEs.

24

© Jim Hinton

Few	ns	light	flash

Few	ns	spread	in	
particle	arrival	at	each	
detector

12

~100%	duty-cycle
Steradian field	of	view
Modest	precision
Modest	collection	area

~15%	duty-cycle
~4	degree	field	of	view
High	precision
Large	collection	area

IACTs, 1-2 km

Particle detector, 
       4-5 kma.s.l.

a.s.l.

EAS Sampling Arrays & Altitude  

Few	ns	light	flash

Few	ns	spread	in	
particle	arrival	at	each	
detector

12

~100%	duty-cycle
Steradian field	of	view
Modest	precision
Modest	collection	area

~15%	duty-cycle
~4	degree	field	of	view
High	precision
Large	collection	area

HAWC

Milagro

2 km

4 km

6 km

10 km

8 km
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SWGO: a long-awaited 
WFO in the South

• Most of the Galaxy, and specially the GC are out 
of the reach to both HAWC and LHAASO.!

• A high-duty cycle, wide-field, lower-energy 
threshold detector is invaluable for transients 
research in the multi-messenger & CTA era.

SWGO

20

¤Southern Wide-field Gamma-ray Observatory
ª In comparison to HAWC à Higher altitude, larger area, higher 

efficiency detection units – lower threshold and better sensitivity
ª Collaboration established in July 2019 to develop the design/plan
ª à 3 year programme, 9 countries signed up + supporting scientists

Activities Started in 2019 
for a 3-year design plan

Detector Array

21

¤ ‘Strawman’ - reference detector layout 25
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Detector Array
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¤ ‘Strawman’ - reference detector layout 26

Site?

24

Laguna	Sibinacocha,	Peru

ALPACA	site
near	Mt	Chacaltaya,	Bolivia

CUBIC	site,	Salta,	Argentina

Chajnantor region,	Chile

4.9	km

5.0	km

4.8	km

4.7	km
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Performance Comparison
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Fermi

SWGO

HAWC

arXiv1902.08429

arXiv1902.08429

The Large-Field-of-View Future: SGSO
Physics goals:
• Galactic accelerators (PeVatrons, TeV 

Halos)
• Transients (GRBs, blazars, …)
• Large-scale diffuse emission
• BSM searches
… 
Synergy of TeV instruments with pointing 
(CTA) and survey (LHAASO, SGSO) 
capabilities: 
eg. TeV source finder for CTA South, 
MW/MM follow-up and correlations.

Galactic Center Region

Measured by H.E.S.S. 

Diffuse Emission

Fermi Bubbles

SWGO

http://www.swgo.org


SWGO: pivotal role on 
transients

31
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SWGO will be ideal 
GRB trigger, with 
full sky coverage 
down to 100 GeV.

Better short-timescale 
sensitivity than Fermi, 
capable to see high-
energy photon + long-
term monitoring.
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Figure 3.2: Left: SGSO angular resolution, defined as the 68% containment area of gamma rays
from a point source, compared to CTA and HAWC. Right: Energy bias and resolution, where
bias is defined as mean value of � = (log10ER � log10ET) (with reconstructed energy ER and
true energy ET), while the resolution in taken as the root mean square of �.
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Figure 3.3: Left: Comparison of di↵erential point-source sensitivity as a function of reconstructed
gamma-ray energy for several ground-based gamma-ray observatories in the southern hemisphere
(see text for details). Right: Time needed for a 5� detection of a point-source with a given flux
(evaluated at 100 GeV). The lines indicate the detection times for sources whose spectra follow
a simple power-law behavior. In addition, the time-to-detect for a source with a Crab-like like
spectrum, a bright flaring active galactic nuclei (PKS 2155-304 [14]), and the brightest Fermi -
LAT detected gamma-ray burst (GRB 130427A [15]) are indicated (see text for more details).

Figure 3.1 it is clear that we still have significant gamma-ray e↵ective area below the energy
at which the di↵erential sensitivity figure stops. This low energy performance is important
to observe transient and flaring objects, therefore we show additionally in the right panel of
Figure 3.3 the time needed for a 5� detection under di↵erent spectral assumptions. We show
the flux normalization at 100GeV that is needed to yield a detection within a given duration
for sources that follow a simple power law spectrum (as indicated by the lines). In addition we
calculate the time to detection for three examples of bright gamma-ray sources with di↵erent
spectra:

1. A bright steady source with a spectrum like the Crab Nebula.

11

Important for 
perspectives in GW 
and neutrino MM  
correlations
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