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Gamma-ray bursts

The standard fireball model of GRBs
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Phenomenology from Fermi-LAT

Slide adapted from A. Stamerra

Bright LAT bursts indicate presence of late onset of a
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Phenomenology from Fermi-LAT

Slide adapted from A. Stamerra
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Bright LAT bursts indicate presence of late onset of a
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Phenomenology from Fermi-LAT @ Z serrapilheira

Slide adapted from A. Stamerra CBPF
Synchrotron “Burnoff” limit
* Maximum energy above which the timescale for radiative Eé’ybxf,max = 50 MeVxT/(1 + 2)

synchrotron losses becomes shorter than the acceleration
timescale (see L. Nava 2018)
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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.
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Early perspectives for GRBs in

the very-high-energies

Ten years of GRB observations with Fermi LAT

(Ajello et al. 2019)
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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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jor / ma-Ray
tmaghy kov Telescopes

A discovery long sought-after
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Levan et al. Space Science Reviews, V 202, 1 1-4

GRB 190114C
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The extraordinary detection of an ordinary GRB

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

° © GRB180720B & GRB 190114C
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® GRB/SNe ® Amatietal. (2009) |7
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The MAGIC observations

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

prompt afterglow
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The MAGIC observations
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Slide adapted from E. Moretti CBPF
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\ MWL Campaign

Slide adapted from E. Moretti

Flux [erg/cm?/s]
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Not the single GRB in 2019... g serrapilheira

CBPF

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

. . 3 oo NSRRI TR TR
» Detection happened in the late afterglow 10h after TO! - 8
with much implication for future detection perspectives. oo -
e 5
H.E.S.S. Collaboration, Nature, 2019 g 3
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Luminosity (erg s~1)

Not the single GRB in 2019... 1 srcpivei

e A second detection by H.E.S.S., of GRB 190829A,

also in late afterglow! o Recall a 40 hint signal from the
short GRB 160821B (Berti et al.

“Yorav licht-curves 2019), at z=0.16, and recently
1052 | y Hght | o o | associated to a kilonova (Lamb et
GRB 180720B al. 2019, Troja et al. 2019)
Lol et TS Strenghens the
i prospects for GW
O
al j counterpart searches:
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Hinton & Ruiz-Velasco 2019.
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@ Zsemp“hem The next generation:

CBPF The Cherenkov Telescope Array

19 telescopes . | “&

CTA North
La Palma, Spain

P— e . — g

b ——

99 telescope ,‘ - \‘ CTA South
i !L ESO, Chile

. i—" - - . — >
— —— -— - »_--"
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g seropiheira Hybrid instrumental design and

multiple R&D partners

CBPF Slide adapted from R. Zanin

* Parabolic optical design * Davies-Cotton optical design ® Schwarzschild-Couder
® 23 m mirror diameter * 12 m mirror diameter optical design
* PMT camera * PMT camera * 4 m dual mirror

* SiPM T camera
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g enaihera 1€ NEXt generation:

CBPF The Cherenkov Telescope Array

19 telescopes, a— —
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CBPF

CTA: major evolutions from
current status

Cta B AJ 1"‘;"'["" ] LEL R AL L] | L] |
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The CTA extragalactic B i =
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first unbiased view
of source populations
in the VHESs

Energy E [TeV]
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Z wroirera VAT Major evolutions from

CEPE current status

Detection threshold (ergs/cm?s)

10—3 _ 1 3 1 ¥ W AE Y 1 ) | L L R SR L 1 T 1 L T L . .
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g S GRB perspectives with CTA
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1 threshold (ergs/cm?s)
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1 1 LI llll] 1 1 \ R Illll ] I L llll' 1
s E = 25 GeV
Fermi LAT ssss E=40GeV

Bitaa, = =+ E=100 GeV
3 " == E=250GeV

~
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10°° CTA
-~-10 Fermi/GBM, Swift, SVOM, etc. —

atory.org/science/cta-performance/ (prod3b-v1)

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

CTA observations of
GRBs:

> 100 photons from
average GRB E > 30 GeV

+ unprecedented spectral
and temporal resolution

Strategy Expected event Exposure per Exposure per

rate (yr—1) follow-up (h) year (hyr—1)
Prompt follow- f ible alerts ~12 2 25
Extended follow-up for detections 0.5-1.5 10-15 10-15
Late-time follow-up of HE GRBs ~1 10 10

not accessible promptly

—> Real Time Analysis <30s b

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)
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g serrapilheira Comlng of age of the wide-

GBPF field facilities

Wide-field instruments, based on the direct detection of the ~100% duty-cycle

air shower particles, are the natural complement to L EL N Steradian field of view
P , P LD “m' ) Z1Y Modest precision

Cherenkov telescopes at VHEs. RN (1 et collection area

~15% duty-cycle | Y ™ \ Few ns spread in
~4 degree field of view ) \ particle arrival at each

High precision detector
Large collection area |
Few ns light flash \ \
\ \
» © Jim Hinton
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/— SWGO: a long-awaited
oBBF 4 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.

Gamma ray 0.2 TeV

g Activities Started in 2019
for a 3-year design plan

Gamma ray 2.0 TeV |\
zenith angle 20°
~1000 units hit

:300 —200 —100 0 100 200 300
X[m]
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g e O WGO: a long-awaited

ol 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.
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Laguna Sibinacocha, Peru

Pacific
Ocean)
ALPACA site
near Mt Chacaltaya, Bolivia 4.7 km
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South
Atlanti
BIXERE  CUBIC site, Salta, Argentina

Chajnantor region, Chile
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http://www.swgo.org

Timescale

. . SWGO: pivotal role on
2 oo transients

SWGO - CTA (@DFollow up of SWGO detected Galactic Sources

year+ Extragal.
Extended

Better short-timescale
sensitivity than Fermi,
capable to see high-

energy photon + long-

month o
SWele term monitoring.
day ‘
CTA
hour Follow up of SWGO detected Flares
(GA
minute '
SWEC —

second Follow up of SWGO detected Transients SWGO will be ideal

© Jim Hinton Tkpc 10kpc 100kpc 1 Mpc 10 Mpc

. z~ 0.0001 0.001
Distance

GRB trigger, with
full sky coverage
down to 100 GeV.
100 Mpc 1 Gpc

0.01 0.1 1.0
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