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s, P The Fermi Gamma-Ray Space Telescope

Gamma ray

/' Space Telescope

Gamma-ray Burst Monitor (GBM)
Nal and BGO Detectors
8 keV - 40 MeV
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The Fermi Gamma-Ray Space Telescope

*
y
<t !

Large AreaTelescope (LAT)
20 MeV - >300 GeV

Si Tracker y

pitch = 228 um

8.8 105 channels ACD . )

18 planes | segmented scintillator tiles

Csl Calorimeter
hodoscopic array (8
layers)

6.1 103 channels

LAT: 4 x 4 modular array
3000 kg, 650 W
20 MeV - 300 GeV

International collaboration

Nicola Omodei — Stanford/KIPAC
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* Since its launch in 2008, LAT has

detected >150 GRB at high energy (>100
MeV) announced via GCN thanks to the
work of Burst Advocates that
continuously monitor our data looking

for high-energy emission associated
with GBM (and other detectors) GRBs

LAT Low Energy events (LLE) have been
developed by the LAT team to study
rapid transients down to 30 MeV, and are
available online at the Fermi Science
Support Center.

First LAT catalog (3 years, 35 GRBs)
published in 2013 (Ackermann et al.)

Nicola Omodei — Stanford/KIPAC 4
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s, eyl 10 years of data: The second Fermi-LAT GRB catalog

Gam ma-ray

/ Space Telescope

LLE pipeline
LTF In 10 years: 186 GRBs, 169
Manual above 100 MeV, 17 LLE only
checks LIE LLE duration,
. > significance Expectations surpassed !
Finding Map analysis P P
So— / L] [ ]
v v New detection algorithm and better
TS and detector performances (Pass8)
position
refinement List of
I t
Li:‘t’“of v seeds for Catalog analysis pipeline
GCN/IPN — Final TS the : LAT duration,
- and catalog |[ Time temporal
\/ poaition analysis | resolved [—> extended
¢ Likelihood emission
Photon by T
photon
probability Time 819:1::::::9,
integrated [ P .
Likelihood properties
— /_

several time scales
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s, eyl Which GBM GRBs does the LAT detect?

Gam ma-ray

/' Space Telescope
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 LLE is an analysis technique that extends LAT data don 0 30
MeV

® GRB 160625B Nal 6+7+9 (8-20 keV) ] ] ] ] ] ]
2 OO0 t J * Large effective area, large field of view, poor localization higher
= : | ]
3 2000;—L -y ; background
L o J )
0 — T . - n u m = u
C aaot . naler7s9 0250k | @ Onset time similar to GBM, but shorter emission (Pulse
e htoo» | | 5 paradigm Norris et al.)
8 | I (-)10 0 10 20 ‘
0; 1 n — BGO 1 (250 keV-10 Me 4+ long | | | F4Tong o 7 T
o 12610} (250 keV-10 Mo) [ ] -+ st PRELIMINARY
£ 8.0x10°F : “
-}
8 4.0x10° ” 1ol 1 =
| )| —— N — ’ iy . —
' LLE (30-100 MeV) | = =
o ! ‘
O 5 > - >
O - ] 0 1 ©
== ’L,L“ ; ; — 5 ~10°}|- . cE:
o 20F LAT >100 MeV - < Z
2 = : 3
3 S |2
| LTI T s
0 200 400 600 800 2| _ ~
Time since trigger (s) 10 | 1 PRELIMINARY E
T1'01 ~10° ~10° 0 10° 10° 102 107 100 10 e -

Tos (50-300 keV) [s] Tgo (50-300 keV) [s]
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Characterizing the LAT emission >100 MeV
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GRB 180720B

+ Full likelihood analysis.
(unbinned) in different tome
bins (adaptively chosen)

— Spectrum of the source is
described by simple power
law

 Temporal decay fitted with
simple power law or with a
broken power law.

 Test closure relation (see

1 i I 1 1

1TTTrl LU

a=1.88 0. 15

later)
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variability, spikes, and possible late time

* There are also cases where we clearly see
flares in the LAT Lightcurves
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. starts significantly after, and lasts significantly longer than
lower-energy emission (GBM)

 The jet is “fast” for much longer than the prompt emission.
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T L e Some GRB were outside the
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e Some exceptionally bright GRB: also
one short (090510), but all compatible
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At high-energy: longer GRB are also
the most energetic

— Sustained jet emission?
Environment?
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Spectral variability during the prompt phase vs late times

 Larger burst-to-burst spectral h
variation during the GBM prompt
emission

At later time, quite consistent with
photon index gamma*-2

e Combining spectral information
(gamma) with decay index (alpha)
we can test closure relations:

— 81% of the LAT GRB can be
classified using a particular
closure relation

— 2/3 prefers ISM model

-s|- I {1 st - — 1/3 either wind or ISM
|PRELIMINARY [ QIPRELIMINARY 1 1 — GRB that can’t be classified with
" Taom,90 (50-300 keV) [s] ’ Teom,s0 (50-300 keV) [s] closure relation tend to show a
slower decay (continuous energy
injection?)

1st GraviGammaWave Workshop Nicola Omodei — Stanford/KIPAC 13



s, crmi Intrinsic properties

PRELIMINARY

BAT long: 376 GRBs
BAT short: 29 GRBs
GBM long: 108 GRBs
GBM short: 8 GRBs
LAT long: 31 GRBs
LAT short: 1 GRB

1keV - 10 MeV intrinsic
logE s, (erg)

Redshift

35 GRB have redshift informations:
— LAT detects the intrinsically most energetic GRB
— Not necessarily the closest one (GRB080916C at z=4.35)

1st GraviGammaWave Workshop

BAT long: 363 GRBs
BAT short: 31 GRBs
GBM long: 108 GRBs
GBM short: 8 GRBs
LAT long: 31 GRBs
LAT short: 1 GRB

4 6 B
Redshift

Nicola Omodei — Stanford/KIPAC
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 Observed clustering of the light curves when divided by the isotropic energy in the GBM

Rest frame high energy light curves
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 PRELIMINARY

(T-To)/(1+2)[s]

emission (repeating the Nava et al. 2014)
— Solid blue line: best fit model with alpha=1.25

— Dashed line: alpha=10/7: Fast cooling from a radiative fireball in a constant density
environment (Sari 1997; Katz & Piran 1997; Ghisellini et al. 2010).

1st GraviGammaWave Workshop

PRELIMINARY
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 LAT detected events up to 100 GeV, and most of them arrived after the end of the GBM

emission
e Source-frame-corrected: 10% of the GRB emitted events >100 GeV

High-energy events and prospects for Cherenkov telescopes
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Highest Energy Photon (MeV)
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 Efficient acceleration of particles at later times: good case for CTA (see also MAGIC
detection of GRB190114C at 300 GeV)
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Short GRB in a nutshell:
— Progenitors: NS-NS, NS-BH -> BH
— On-axis sGRB:
 More rare (needs to point toward us);
o “Standard” afterglow due to the Jet-ISM interaction

 Observed at high-energy by the LAT (17 sGRB
detected by the LAT so far);

* Temporally extended emission detected up to ~100
seconds after the trigger;

— Off-axis:
* No prompt or weak emission (GRB 170817) in <MeV
(due to the beaming);

* |Isotropic optical bump (“kilonova”);

e Late “orphan” X-ray afterglow (when the beaming
decreases);

At high-energy: little is know...

1st GraviGammaWave Workshop

Short GRB associated with GW events

Jet—=ISM Shock (Afterglow)

Optical (hours—days)
Radio (weeks—years)

; &

Metzger & Berger.

Merger Ejecta
Tidal Tail & Disk Wind
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30°N
o 2
Y
3
&k —
15°N G » -
[GRB 170817A .
' v/

e The LAT and the GBM do not
collect data when in the SAA

— For different instument
requirements, the SAA definition
for the LAT is slightly larger
(14%) than the GBM one;

— At the time of the GW event (and
GBM trigger), the LAT was in the
SAA;

15°S

30°S

60°W 30°W 0° 30°E

— We observe the entire region
between tew+1153 — tew+2017;

— Upper bound (0.1-1 GeV):
— F <4.5x10-10 erg cm-2 s-1

— At the distant of GW170817:
— Liso <9.3x1043 erg s-1

— At~ t+1 ks

MET = 524667624

1st GraviGammaWave Workshop

NS-NS merger GW/GRB170817A: an unlucky event for the LAT

H LU LU L
Fermi LAT light
\ THR curve of GRB
10%1- N with redshift-
ol : : ol ' |
e b
S 10%) 'T ( ile m
g i ity 8
AREL Y
] Rl
1047 [ -f | |
1045 [ |
GRB170817A
PRI|ELIM|INAF|{Y | | lT | |

103 102 107! 10° 10* 102 10° 10*  10°
(T-To)/(1+2)[s]

% Very strong constrain on the luminosity
of GRB170817A at high energy
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Cg— Summary and conclusions

Gamma-ray
/ Space Telescope
e LAT detects GRBs at high energy with an unprecedented sensitivity

A 10-year catalog has been accepted for publication by ApJS, containing more than 180 GRBs,
exceeding the expectations

— Focused on observational features, it provides a lot of material to be used within the scientific
community;

 High-energy GRBs are likely associated with the early afterglow phase of the expanding blast wave;

— Delayed onset, temporally extended emission, adiabatic expansion (in the context of the fireball
model).

— Highest energy events arrive late, typically after the prompt emission: good news for CTA!

e Short GRBs also detected at high energy, and also exhibit temporally extended emission

— Looking forward for more NS-NS events and their association with LAT GRBs: constrain on the
geometry of the jet and on the energetic of the blast wave;

— Even upper limits are very constraining (due to the proximity of these events).
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