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The (HE) gaayrshky
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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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o Space Telescope
Exploring
oo Multimessenger Sources NebkE
WaveSources — P ; Sources - A - , ,
) i \_— S R aar o o A NASA Senior Review (SR) 2022
£ o TR 0 Fermi recommended for continuation
e for 3 years until next SR in 2025

y A OFermi provides uniqgue ac
A oty gamma -ray portion of the electromagnetic
spectrum and the largest simultaneous field -
of -view of any space telescope.
Its data give us a time -domain view of the
entire gamma -ray sky and are a crucial asset
for gravitational -wave and multi -messenger
astrophysics. 0

o Strongly tied to Astro 2020 decadal
survey theme ONew Mes:
New Physicso
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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) Multimessengerera (2015) origin of short GRB

8) VHE era (2019) VHE emission component from GRB!
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Fermi-GBM catalogs

2023

2008

DIPARTIMENT(
3 INTERATENE
A /) «M. MERLIN»

AGBM 10yr GRBspectral Catalog roolakki+2021.Ap3913
AGBM 10yr GRBtrigger Catalog von Kienlin+2020.Apigo3
AGBM 10yr Accreting - Pulsar Catalog Malacaria+2020.Api896
AGBM 8yr TGFCatalog Roberts+2018.JGRA123

AGBM 6yr GRBtrigger Catalog (3FGBM) ghat+2016.Apiss223
AGBM 5yr Magnetar: Burst Catalog collazzi+2015Apiss218
AGBM 4yr GRBtime -res. spectral - Catalog yus2016.A2A588
AGBM 4yr GRBspectral Catalog Gruber+2014.Apiss211
AGBM 4yr GRBtrigger Catalog (2FGBM) von Kienlin+2014.ApJSS211
AGBM 3yr X-ray Burst Catalog - jenke+2016.Ap3826

AGBM 3yr EOM catalog’ . wison-Hodge et al-2012

AGBM 2yr GRBspectral Catalog Goldstein+2012.Ap1S5199

AGBM 2yr GRBtrlgger Catalog (LFGBM) Paciesas+2012/ApISs199
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Fermi GBM GRBs in first ten years of operation
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A Parameter distributions
0 Fluence and peak flux spectra
from Fermi -GBM catalogs

Data Set Low-energy  High-energy Epex
Index Index (keV)
This Catalog BEST —1.08508 —2.207535 1804'10:f

Gruber et al. (2014)
Goldstein et al. (2012)
Kaneko et al. (2006)

GOOD and BEST GRB Models

/D
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Gamma -ray

/ Space Telescope

PLAW

COMP

BAND SBPL

Fluence Spectra

This Catalog GOOD
Gruber et al. (2014) GOOD

2295 (99.9%)
941 (99.7%)

1616 (70.3%)
684 (72.5%)

1013 (44.0%)
392 (41.5%)

666 (29.0%)
342 (36.2%)

This Catalog BEST
Gruber et al. (2014) BEST

693 (30.2%)
282 (29.9%)

1311 (57.0%)
516 (54.7%)

82 (3.5%)
62 (6.6%)

209 (9.0%)
81 (8.6%)

Peak Flux Spectra

This Catalog GOOD

Gruber et al. (2014) GOOD

2287 (99.5%)
932 (98.7%)

1047 (45.5%)
430 (45.6%)

522 (22.6%)
196 (20.8%)

328 (14.2%)
153 (16.2%)

1248 (54.3%)
514 (54.4%))

931 (40.5%)

79 (3.4%) 29 (1.2%)

9 Fluence /BEST
2501 | |

200

# of bursts
=

=
INFN

~ BARI

# of bursts

Elisabetta Bissaldi

40

30

20

10

High-energy Index

i Sexten GRB Workshop 2023

375 (39.7%) 25 (2.6%) 18 (1.9%)
1 COMP
1 BAND
| ) SBPL
150 :
wv
4
wv
1
o |
Q0
] ‘S 100
$*
50 -
1 0 1
=1 10 100 1000 10000
EpeaxlkeV] -
11

T 13 January 2023




Long vs. Short GRBs

A Short bursts show a

# of bursts

oA
WK

higher median value of
and a harder

low -energy power law index
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FernulAd¢atalogs

2028
A LAT 10yrPoint Source Catalog (4FGL-dr2)* (5604 sources)
A LAT 8yrSolar Flare Catalog

A LAT:10yrAGN Catalog (4LAC) o

NGC A LAT 10yrGRB Catalog (2FLGC) 10948+0022
. C A LAT 8yrPoint Source Catalog (4FGL)
A LAT 7yrHigh-Energy Source Catalog (3FHL)
| A LATExtended Sources in thevGalactic Plane (FGES)
o® 4 A LATAIl-sky Variability Analysis Catalog (2FAV)
B2 0c e : A LAT 6yrHigh-Energy Source Catalog” (2FHL) ' :
LR I0a e A LAT 4yrPoint Source Catalog (3FGL) o g/ ;o
. A LAT.4yrAGN Catalog (3LAC) . 3
o A LAT 3yrGRBCatalog (1FLGC)
&) N ' A LAT 3yrSNRCatalog 0/1/2/3/4FGL.
. A LAT 3yrPulsars Catalog (2PC) full energy range
A LAT 3yrHigh-Energy Source Catalog (1FHL) (50 MeV -1 TeV)
A LAT 2yrAGN Catalog (2LAC) . L/2/3FHL:
A LAT 2yrPoint Source Catalog (2FGL) RIGNEBNCIdy/Sonule™ 1 0/50 GeV)
A LAT 1yrAGN Catalog (1LAC) Y eration use
A LAT 1yrPoint Source Catalog (1FGL) : i dgta/ Il'b t_us >
A LAT 6month Pulsars Catalog,..(1PC) priproves fatay catoranon -
; 9 P6A P7A P7Rep A P8

A LAT 3month Bright Source List (OFGL)

2008 *https://fermi.gsfc.nasa.gov/ssc/data/access

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

CredMASA/DOE/Fermi LAT Collaboration/GSFC
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A Detailed study of the
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onset and duration of the high -energy emission

0 T 100 = GRBduration measured by LAT [100Mev 3100 Gev]

0 T 100= T.1 0 T, (Arrival time of last and first photon

A High-energy Emission

, respectively )
(>100 MeV)

HE emission GRBs
o Systematically delayed and longer wrt the low -energy emission  stats BEFORE | OUTSIDE
LEemission = Fovat =
— ‘ : T AL T is over ~m— trigger time =
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Temporal properties at @Gev energies o ol

A Sases Talacenns
GRB 160623A
a=1.25+0.09
A Longest bursts R
1.GRB 130427A 7107 07
TLlOO 34 kS 'E 10-4 E Lo ! i
2.GRB 160623A 5 H
i 1073 T 1073
10-° 10-6
A At lower energies 075 o i
_ Similar - o
0 Definition of duration ONSET ]
similar to the GBM z P = '
o Behavior similar to g .l 13 )L E emission
low -energy emission ¢ o 13 | faalFASTER
o —10°}- 4 o an
% @g 100 LE emission
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A Comparison of low -energy (LE) properties of LAT-detected GRBswith the entire
10yr GBM sample (~2400 GRBg

Number of GRBs
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Flux,,,, [10-1000 keV] (ph cm? ™)

A Distribution of short and long  bursts are different
A LATtends to sample brighter bursts

o BUT:MUCH LARGER SPREADow than in the first LAT catalog !

A Detection of HE emission also from weak GBM bursts!
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Space Telescope

A LE(10-1000 keV) fluence is>10 x larger than HE (100
Mev -100 GeV) fluence in the «GBM>» time window

o The majority of the burst energy isemitted at lower
energies !

© 06

Ajello+2019

A At HE (100 Mev-100 GeV), the fluence measured at late
times («<EXT»winodw ) iscomparable to the one measured
during the prompt phase («GBM» window)
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