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The Fermi observatory & GRB

LAT - Pair-conversion-telescope
Trigger,-localization; Spectroscopy
20 MeV:=>300 GeV

GBM 14 PMT
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Circles:

Fermi GRBs
In Field-of-view of LAT (<70°): ~300

30 LAT GRB : s AN Out of the FOV
—C AT A - Squares:
LAT detections

11 months Fermi LAT count map

GRBs are the most distant sources Fermi detects
LAT GRB 080916C @ z=4.35 (l.t.t. >12 Gyr!)
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What we have learned

x For LAT detected GRB at high energy:

x \ery energetic events (10>*erg) possibly associated
with high relativistic shells: (IF~100-1000);

x| ong lasting emission:I1S:common;

x Delayed onset time relative to the low energy GBM
emission (new: discovery);

x New Spectral component (inmore than one case);

n Set limit on the Lorentz Invariance Violation & EBL
studies
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Prompt vs Temporal extended emission

CAT Tos |
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Energetics

= Four-extremely bright bursts.
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n \Nhere are the intermediate fluence
bursts?

= Are we seeing a pattern? (historically:
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Spectral information

GBM Tos

- [Double broken power-law

= Spectral Variation

® [ hermal component also
Seen In few cases
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Spectral information

107

3

®-clemiporal-Extended emission

(E) [MeV/(cm?’ s)]

EZN
o

x Powerlaw ~-2

| Y L | IITIT;’

104 \lul A e JL,Ll‘luL W AP P TS —" J,LAJA“L A ALLME L Lx.u.ul....._*uuu._, J_'J‘,:. . S m O O-t h -t I m e d ecay

10° 10" 1 10 107 10° 10* 10°
MeV

Nicola Omodei 10

Friday, November 4, 11



Extended Emission as seen by the LAT

GRB080916C

GRB090902B GRB090926
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Flux decays as a power law in time (t%), «x ~1 — 2

o_clear breaks. Different type of spectral evolutions.
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Radiative or Adiabatic expansion?

Radiative Are we looking the radiative/adiabatic
expansion of a fireball?

Onthe other hand...
Adiabatic Simultaneous detection of gamma rays
3 ceBis T with - X-ray flares points to the
e G connection with the central engine
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The “tip of the iceberg”
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Prospects for the future

x \Ne are scratching the surface! Number of detected GRB increases
as linear with time:

x Fermi during | years extended mission: GRB detected by
the , >2000 detected by the GBM
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Prospects for the future

x \Ne are scratching the surface! Number of detected GRB increases
as linear with time:

x Fermi during | years extended mission: GRB detected by
the , >2000 detected by the GBM

x  But,... there are many new things:-.coming up...
= | AT Low Energy Extension:(LLE):;
x New flight software GRB trigger-optimized for LAT onbboard detection;
® Pass8:
x |mproved reconstruction and event classification
x |mproved the effective area both at low and high energies

x Covariance ellipse accessible event by event basis
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L Al Low Energy events

» | 00se selection of events

= Big improvement at low
energy-for:short duration
transients; such as GRB
and:solar Flares

Counte/Bin

Energy [MeV)

Background contamination also increases
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| [ E, Some examples...
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L L E, some examples...
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| [ E, Some examples...
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| [ E, Some examples...

Counta/Bin

Spectrum absarbed

Detection of a thermal ~ 200¥e 100 MeV. No
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Very rich phenomena

x \\e are seeing many:-more details
and we are collecting:new
iInformations:..

x Still open guestions; could be
answered with: more statistics and
an improved analysis;

® How common are these properties
in GRB?
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GRB as cosmological probes

x  Measuring the dispersion of the speed of light: = Probe EBL models (Some are

. already excluded)
x For linear models (15t order): Mqg > Mpl
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Abdo et al. 2010ApdJ...723.1082A

Published in Nature, vol 462, p331 (plus comment on p291)
also see, e.g., Ellis, Mavromatos, and Nanopoulos arXiv:0901.4052 / Phys.Lett. B674
(2009) 83-86 and Amelino-Gamelia, Ellis, Mavromatos, Nanopoulos and Sarkar, Nature
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GRB as cosmological probes

x  Measuring the dispersion of the speed of light: = Probe EBL models (Some are
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Discovery Space: intermediate
duration transients (~102-10% sec.)

x  Orphan Gamma-ray afterglows (only-temporal extended
emission)

x Unveiling the high redshitt GRBs (Meszaros and Rees, 2010)

x Constrain the Pop il star progenitor population

» More generally, the search for luminous transients at GeV
energies in this poorly explored time domain could also reveal
other interesting phenomena that have not yet been anticipated.
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Summary of goals for GRB studies with extended operation

= |ncrease the population of GRB by a factor of 3

»  Step forward in the understanding of GRBs at high energy, i.e. temporal extended
emission;

= Fermiis the most prolific detector of GRBS; likely to be the instrument detecting the
electromagnetic counterpart to-a GW source;

= alert sent to ground within: minutes, facilitating oroadiband olbservations
= Extension to low energy:-filling the gap-between the LAT and the GBM energy bands

»x Understand the details of the GRB prompt emission, how particle are accelerated in
internal shocks;

»  Participating in the debate over baryonic vs magnetically dominated jets.
= High energy emission in‘internal or external shocks?

x |mprove the analysis at high energy
= |mprove limits on Lorentz Invariance Violation (279 order effect)

»  Study the opacity of the Universe (every single photon matters!)
Nicola Omodei

Friday, November 4, 11

24
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How about Solar Flares?
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= LAT LLE Events
LAY Transient Events (>100 MeV)

00:52:00 00:54:00 00:56:00 00:58:00 010000 010200 01:04:00
Time (UT, 2010-06-12)

First Solar flare paper submitted;
LLE analysis key for unveiling the gamma-ray emission;

Emission > 100 MeV can be described as pion decays
as well as electron bremsstrahlung;
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Multl messenger

Kinetic:.energy (from Swift) vs
High energy emission

LAT detected GRBs are
among the most efficient
GRB in converting Kinetic
energy Into gamma rays

. GBM deliver a prolific series
6.99 of GRB triggers: narrowing
GW searches

27
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GRB Spectral Dynamic

® HOW common are these
characteristics in GRBs?
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GRB durations

GRB080825C q\, 0.6 GeV @ 28.3 s ;
GRB080916C ﬂ 13.2GeV @ 165 5
GRB081006 L 08GeV@121s
GRB081024B *  31GeV@0S5s

creoeiz2e |14 03Gevezsas = Highest energy event

GRB090217 09GeV@14.8s |

creosorzs  WHE 4 75Gev @ t1esas not related with the

GRB090328 * 24.5GeV @ 261.7 s

GRB0%0510 31.3GeV@0.8s G B I\/l d u ration

4
GRB090626 '\ 2.1GeV@111.6s

GRB090902B ' * 33.4 tieV @81.7s

GRB090926 ik 19.BGeV@24.§Bs » Associated with the
GRB091003 J | 2.8GeV @655 extra COmpOﬂeﬂ’[

GRB091031 M | 1.2GeV @79.7 §

GRB100116A 1 2.2 GeV @ 1057 s

GRB100414A 1 % 4.7GeV@288.3s
GRB110428A § | 2.6 GeV @ 14.8 5
GRB110721A 0.9 GeV @ 0.9 s
GRB110731A § 19GeV @83s
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