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The (HE) gamma-ray sky




The Fermi Mission ',,

Launched on June 11, 2008
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Gamma-ray Burst Monitor (GBM)

14 Plastic scintillator detectors
8 keV — 40 MeV ‘
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of-view of any space telescope.

Its data give us a time-domain view of the
enfire gamma-ray sky and are a crucial asset
for gravitational-wave and multi-messenger
asfrophysics.”

o Strongly tied to Astro 2020 decadal
survey theme "New Messengers and
New Physics”
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an Fermi Transient Searches
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Adapted from F.Longo

Seven eras Adapted from L. Amati
1) "Dark” era (1973-1991): discovery
Klebesadel, Strong & Olson’s discovery (1973);
2) BATSE era (1992-1996): spatial distribution
Meegan & Fishman's discovery (1992),
detection rate: ~1 to 3 /day, ~3000 bursts;
3) BeppoSAX era (1997-2000): afterglows
van Paradijs, Costa, Frail’s discoveries (1997);
4) HETE-2 era (2001-2004): origin of long bursts
Observations on GRB030329/SN2003dh
S) Swift era (2005-): very early afterglows, short-
GRB afterclow. GRB subclasses? GRB cosmology?

6) Fermi era (2008-) ' High energy emission component, GW
7) Multimessenger era (2015-) origin of short GRB

8) VHE era (2019-) VHE emission component from GRB!
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0.1-100 GeV

0.1-100 MeV

0.1-100 keV

0.1-100 TeV
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Fermi-GBM catalogs

2023

« GBM 10yr GRB spectral Catalog roolakkil+2021.ApJ913

« GBM 10yr GRB trigger Catalog von Kienlin+2020.ApJ893

« GBM 10yr Accreting Pulsar Catalog malacaria+2020.ApJ896
 GBM 8yr TGF Catalog Rroberts+2018.JGRA123

« GBM éyr GRB tfrigger Catalog (3FGBM) hai+2016.ApJs5223
» GBM.Syr Magnetar Burst Catalog collazzi+2015.Apiss218

« GBM 4yr GRB time-res. spectral Catalog yu+2016.A2A588
 GBM 4yr GRB spectral Catalog Gruber+2014.ApJss211

« GBM 4yr GRB trigger Catalog (2FGBM) von Kienlin+2014.ApJss211
 GBM 3yr X-ray Burst Catalog senke+2016.ApJ826

« GBM 3yr EOM catlalog wilson-Hodge et al:2012

« GBM 2yr GRB spectral Catalog Goldstein+2012.ApJss199

« GBM 2yr GRB frigger Catalog (1FGBM) paciesas+2012.ApI55199

2008
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Fermi GBM GRBs in first ten years of operation
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= Parameter distributions
o Fluence and peak flux spectra m: cus: cooo
from Fermi-GBM catalogs
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Gamma -ray

/ Space Telescope

SBPL

GOOD and BEST GRB Models

PLAW COMP BAND

Fluence Spectra

1616 (70.3%) 666 (29.0%) 1013 (44.0%)

Gruber et al. (2014) GOOD

2295 (99.9%)
941 (99.7%)

684 (72.5%)

342 (36.2%)

392 (41.5%)

This Catalog BEST
Gruber et al. (2014) BEST

693 (30.2%)
282 (29.9%)

1311 (57.0%)
516 (54.7%)

209 (9.0%)
81 (8.6%)

82 (3.5%)
62 (6.6%)

Data Set Low-energy  High-energy Epex "
Index Index (keV) Peak Flux Spectra

This Catalog BEST SL08E 22053 1807 This Catalog GOOD 2287 (99.5%) 1047 (45.5%) 328 (14.2%) 522 (22.6%)

L 932 (98.7%) 430 (45.6%) 153 (16.2%) 196 (20.8%)

Gruber et al. (2014)

Goldstein et al. (2012)

Kaneko et al. (2006)

Gruber et al. (2014) GOOD

1248 (54.3%)

931 (40.5%)

79 (3.4%)

29 (1.2%)

IFIulenlclel /BEST
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Long vs. Short GRBs

= Short bursts show @
higher median value of Epeak
and a harder
low-energy power law index
Poolakkil+2021
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Fermi-LAT catalogs

2023

LAT 10yr Point Source Catalog (4FGL-dr2)* (5604 sources)

LAT 8yr Solar Flare Catalog

LAT:10yrnAGN Catalog (4LAC) o

LAT 10yr GRB Catalog (2FLGC) 10948+0022

LAT 8yr Point Source Catalog (4FGL)

LAT7yr High-Energy Source Catalog (3FHL)

LAT Extended Sources in the'Galactic Plane (FGES)

LAT All-sky Variability Analysis Catalog (2FAV)

LAT 6yr High-Energy Source Catalog (2FHL) ; . ',

\[c]ef

oF
O) ’
B2 0619+33

e {943894“‘."2‘%?53 LAT 4yr Point Source Catalog (3FGL) %
LAT-4yr AGN Catalog (3LAC) ’ ;
o LAT 3yrGRB:Catalog (1FLGC) .
Y LAT 3yr SNR Catalog e 0/1/2/3/4FGL:
LAT 3yr Pulsars Catalog (2PC) RIFSTSTOhgrange
LAT 3yr High-Energy Source Catalog (1FHL) (50 Mel\//z]/sTl?H\{)
LAT 2yr AGN Catalog (2LAC) . ‘
LAT 2yr Point Source Catalog (2FGL) sigin-@nergy only (> 10/50 GeV)

LAT 1yr AGN Catalog (1LAC)

LAT 1yr Point Source Catalog (1FGL)
LAT é6month Pulsars Catalog, (1PC)
LAT 3month Bright Source List (OFGL)

2008 *https://termi.gsfcnasa.gov/ssc/data/access/lat/10yr_catalog/

Each generation uses
improved data/calibration:
P6 > P7 > P7Rep > P8

https://arxiv.org/pdf/2005.11208.pdf

Credit: NASA/DOE/Fermi LAT Collaboration/GSFC



Fermi-LAT 10 yrs GRB.catalog - - - e
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Fermi-LAT 10 yrs GRB.catalog -~ - - P

[ GRB080916009

GRB090510016
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Credit: NASA/DOE/Fermi LAT Collaboration
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Fermi-LAT Observations of the Gamma-Ray Burst GRB 130427A — Ackermann+2014
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= Detailed study of the onset and duration of the high-energy emission

o T100 = GRB duration measured by LAT [100 Mev - 100 GeV]
o T00 =Ty = To (Arrival time of last and first photon, respectively)

= High-energy Emission (>100 MeV)

- L. HE emission GRBs
o Systematically delayed and longer wrt the low-energy emission starls BEFORE OuTSIDE
emission ov a

: T T T is over —— trigger time /=
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Temporal properties at @GeV energies gl

A Sasca Talsernna
GRB 130427A _ GRB 160623A
]

a=1.235i0.09
= Longest bursts
1.GRB 130427A
Ti100 = 34 ks § 1o €10
2.GRB 160623A s s
Ti100 =35 ks - =0

= At lower energies - 07 S i

(LLE: 30 MeV -1 GeV)| emission -

o Definition of duration ONSET
similar to the GBM oy

o Behavior similar to
low-energy emission

- LLE emission

fading FASTER
than

LE emission

10°+

-10°|-

Tos (30 MeV-1 GeV) [s]
[=]
T

Tao (30 MeV-1 GeV) [s]

Aiello+2019
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= Comparison of low-energy (LE) properties of LAT-detected GRBs with the entire
10yr GBM sample (~2400 GRBs)

= Gam snen = GBM shon GBM snon
s R A PN I S
100} 100} JE"
3 8 & %, Yy
. S : _fs 3?\
B B S . Joprst
£ 10} £ 10t S 10} :: "."‘
2 2 2 AT ,.4"'
1, LA
X 10°} s
B Ajello+2019
1F 1 10
10°® 107 10° 10° 10* 10° 107 10" 10° 10’ 10° 10° 10° 107 10°® 10°* 10+ 10° 102
Fluence [10-1000 keV] (erg cm?) Flux,g,, [10-1000 keV] (ph cm? s7) Fluence [10-1000 keV] (erg cm?)
= Distribution of short and long bursts are different
= LAT tends to sample brighter bursts
o BUT: MUCH LARGER SPREAD now than in the first LAT catalog!
« Detection of HE emission also from weak GBM bursts!
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o[ # eng T T @,' 1= LE(10-1000 keV) fluence is >10 x larger than HE (100
L+ short & ] Mev-100 GeV) fluence in the «GBMy time window
'-“E 10-3 _ o The majority of the burst energy is emitted at lower
> ] energies! T
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= Af HE (100 Mev-100 GeV), the fluence measured at late _
times («EXT» winodw) is comparable to the one measured 1071
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1076 E
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during the prompt phase («GBM» window) 1o~ 10-¢ T
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= Highest-energy photons from GRBs

o <5% of GRBs have E > 50 GeV

o Sharp drop @5 GeV (obs.frame)

o Record holder: GRB 130427A
95 GeV @243 s, 77 GeV @19s, 34 GeV @34 ks
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HE photons often arrive after the low-

energy emission is over, BUT

Highest energies can be produced either
very quickly or very late: challenge for

models!
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= Evidence for high-energy additional

spectral components from GeV

observations

= Current generation on IACTs:

MAGIC / HESS / VERITAS
o Number of observed GRBs:
 Hundreds
o Low-energy threshold:
« 50/ 580/ 100 GeV

o Time delay:
« <100s/100-1000 s

= Tev observations until 2019:
= Nno detections,
only upper limits!
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BREAKTHROUGH #:1: GRB+GW DETECTION (2017)

Gamma rays, 50 to 300 keV GRB 170817A
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Credit: NASA GSFC & Caltech/MIT/LIGO Lab
https://www.youtube.com/watch?v=-Yt5EmEgz2w
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Multi-messenger Observations of a Binary Neutron Star Merger — Abbott+2017
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Announcements on 20 Nov. 2019
1.H.E.S.S. observation of GRB 180720B
2.MAGIC observation of GRB 190114C

Announcement on 4 June 2021

3. H.E.S.S. observation of GRB 190829A . '

nature

Article | Publi
Avery-high-energy component deep in
the y-ray burst afterglow

Abstract

Gamma-ray bursts (GRBs) are brief flashes of y-rays and are considered to
be the most energeti ive phenomenain the Uni el. The
emission from GRBs seconds)and
bright prompt emission, followed by a much longer afterglow phase.
During the afterglow phase, the shocked outflow—produced by the
interaction between the ejected matter and the circumburst medium—
slows down,and a inbrightn
typically emit most o

kiloelectronvolt-to-m

E. Bissaldi —

©CRR UTokyo/Naho Wakabayashi

1038/s41586-019-1750-x

Published: 20 November 2019
Teraelectronvolt emission from
the y-ray burst GRB190114C

MAGIC Collaboration

Nature 575, 455-458(2019) | Cite this article

4230 A 493 Alt Metrics

Long-duration y-ray bursts (GRBs) are the most luminous

Abstract

sources of electromagnetic radiation knownin the

Universe. They arise from outflows of plasma with

velocities near the speed of light that are ejected by newly

formed neutron stars or black holes (of stellar mass) at

cosmological distances"2. Prompt flashes of

megaelectronvolt-energy y-rays are followed by a longer-

Abdalla+2021

GRB 190829A

GRB 190114C

EBL absorption (e~ "52)
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Revealing x-ray and gamma ray temporal and spectral
similarities in the GRB 190829A afterglow

dalla’, . Aharonian?®* F. Ait Benkhali¥, E. 0. Angiiner®, C. Arc:

eletters [5PDE
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light curves
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The «kBOAT» GRB 22100%9A ooty

Date: 2822 18 10.69586

* First announced by Swift as @ Fading uf’rerglo;v GIF by Al Khatim Observatory i 19 13 03.50

Dec: +19 45 24.4

“new bright hard X-ray and optical transient” (Abu Dhabi) on Oct.11 — GCN g e
Swift J1913.1+1946 (GCN 32432)

GRB 221009A

GRB 190829A
‘ GRB 201216C
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Time since burst [s] Tel: 8.36-m /7.7 SC
PSc: 1.12"/px
FOV: 3.6 x 3.6 arcmin
Cam: 29.1 x 19.5 arcmin
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https://gcn.gsfc.nasa.gov/gcn3/32632.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32666.gcn3
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Oct.9 2022

o 13:16:60 UT (T,) Fermi-GBM frigger 221009553 (no prompt GCN nofices)

o 14:10:17 UT (Ty+3200s) Swift trigger (Swift GCN after 20min)

o 20:54:36 UT Fermi-GBM reports that frigger 221009553 is superbright+long GRB 221009A
- location consistent with Swift J1913.1+1946 - same eventlll
21:45:05 UT Fermi-LAT reports HE emission (E,,.x: 8 GeV @766 s post Swift trigger)

O

Oct.10, 2022

o IPN triangulation (Swift-BAT+Fermi-GBM+Fermi-LAT+INTEGRAL/SPI-ACS+Konus-Wind)
X-shooter/VLT reports redshift PRI

Fermi-LAT reports refined analysis (Duration >25ks and E,,,: 99 GeV @T,+240s)
lceCube reports neutrino UL (no detection)

Konus/WIND reports highest GRB fluence in 28 years of operation) in GCN
Oct.11, 2022

o LHAASO reports >500 GeV emission within T,+2000s (>100c) + 18 TeV photon (10c)
o SWiIft/XRT reports complex system of bright expanding dust-scattering rings

o HAWC reports upper limits 8 hours after trigger

Oci.12, 2022
o Carpet-2reports 250 TeV photon-like air shower

O
@)
O
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https://gcn.gsfc.nasa.gov/gcn3/32632.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32636.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32636.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32648.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32658.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32665.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32668.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32677.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32680.gcn3
https://gcn.gsfc.nasa.gov/gcn3/32683.gcn3
https://www.astronomerstelegram.org/?read=15669

Astronomy Picture of the Day
15 October 2022

Image Credit: NASA, DOE, Fermi LAT Collaboration, R.Pillera

https://apod.nasa.gov/apod/ap221015.html?fbclid=IwAR0dtOruG18Z0g9%a-AhjcLkfPfvsok C5Dvn-sjK7YpBQOB5Pt g RShYsUE



Astronomy Picture of the Day
15 October 2022

Image Credit: NASA, DOE, Fermi LAT Collaboration, R.Pillera

NASA NEWS

13 October 2022

https://www.nasa.gov/feature/goddard/20
22/nasa-s-swift-fermi-missions-detect-
exceptional-cosmic-blast

https://apod.nasa.gov/apod/ap221015.html?fbclid=IwAR0dtOruG18Z0g9%a-AhjcLkfPfvsok C5Dvn-sjK7YpBQOB5Pt g RShYsUE
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= Dramatically brighter and longer than
GRB 130427 A, the previous record
holder

= High count rates saturating GBM
require new tools built upon work with
terrestrial gamma-ray flashes

= >30 teams from radio to very high

energy gamma-rays and neutrinos
studying GRB 221009A

Elisabetta Bissaldi — Sexten GRB Workshop 2023 - 13 January 2023 33



/b

™y B ) » — @’B [f
JUY A . o el

/ Space Telescope
\

Nal
40000 71 g0 -50.0 keV
T 30000 - n3
e n4 Nal
£ 20000 nt 2000 { 8.0 - 50.0 keV
= — m — n3
10000 A M
< 1500 nd +
L — n7
0 & — n8
Nal 1000 { === et Trhern T
30000 4 50.0 - 250.0 ke W
- — n3
- n4
L 20000 4 1000 4 Nal
o — n7 50.0 - 250.0 keV
[
= — n8 _ — n3
10000 A B 800 nd ==
£ 600 —
0 o n8
L~ WA
8GO 400 1 - NSt
keV - 1.0 MeV
— _ 1288 5 > B % _
N 15000 — b0 BGO
o bl 250.0
< 10000 1 kev - 1.0 MeV
2 — 1000 4
N — bo
5000 - o bl
"
e 800 -
0 4 N H
10° 3 e WW _—LI'\.l.I_LI"+r
all (prob=>0) = p8_transient010 p8_ultracres 600
= pB_transient020e p8_source p8_sourceveto ’ T T
104 5 * pB_transient020 e p8 clean * p8_transientD15s -20 0 20
= p8_transient010e pE_ultraclean R Time since trigger (s)
s %0 oo
2 107 4 #° & .
u L] % l
|
|
|

| | | . . UNED“\
~100 0 100 200 300 400
Time since trigger (s) \ S-‘ AY -‘ .
|

DIPARTIMENTO
INTERATENEO DI FISICA
) (M. MERLINY

Politecnico : : :
i Bari INFN Elisabetta Bissaldi - Sexten GRB Workshop 2023 - 13 January 2023 34
- BARI

=




A GW short GRB ApJ 2017
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