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<semi Fermi instruments

" Gamma-ray
Space Telescope

Large Area Telescope :

Pair ConverSion 107 "’Typlical"l PI'O:'IIP! lGRBISpelctru:n
Trigger, localization, |« GBM |
spectroscopy & | 7T B "ee—
20 MeV -300GeV § | ‘
W. Atwood et al 2009, 107t n N
ApJ 697, 1071 e 0 o LT
w  10% '

1 o RO WNNUIY VOSSN TN WU T ow—

107 10" 10* 10" 10° 10° 10* 10°

Photon Energy (MeY)

Gamma-ray Burst Monitor :

14 PMT

12 Nal

Trigger, localization,
spectroscopy

8 keV — 1 MeV

2 BGO

Spectroscopy

200 keV — 40 MeV

C. Meegan et al 2009,
ApJ 702, 791
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<=eami GRB trigger and observation

Gam ma-ray

/ Space Telescope
{

GBM :

Continuous data are binned in energy and time.

Data of higher temporal resolution and tagged time events for triggered events.
Trigger: 4 energy ranges (50 — 300keV for GRB), timescales 16ms, 32ms... 4.096s
On board localization : ~5° (up to 15°) within a few s (— GCN notice)

Trigger data available for localization in ~15min, science data within a few hours.
On ground human-in-the-loop localization : 2-3° (1° to 10°) within 2h (— GCN notice)

GBM is part of the InterPlanetary Network : triangulation by several y-ray detectors
and satellites, box #dimensions depends on #satellites... (— GCN circular ~2-3d)

LAT :

Tagged time events from continuous survey, energy and direction reconstructed.
On-board trigger : 2 modes (blind or GBM-seeded), searching for clustered tracks.
Localization : 0.1° to 0.5° within a few seconds (— GCN notice)

Autonomous repoint for bright GRB (~1/week in FoV, ~1/month out of FoV) : 2.5hr
follow-up with source 10° off-axis (while 20° above horizon).

Data for a specific trigger available >8h for localization and further analyses.
On-ground localization : 0.1° to 1° (— GCN circular)

The Fermi observatory Vulcano 2012 4/23
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<“sermi Prompt emission as seen by Fermi

amma ray

/ Space Telescope

Ackermann, M. et al. 2010, ApJ, 716, 1178 3 .-

GRB 090902B

Abdo, A. A. et al. 2009, ApJL, 706, L138

E T
L GBM Nalu+ Nal_ + Nal, +

[~ + Naly + Nal,,
[ (8keVv-14.3 keV)
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Counts/Bin

GRB 090510 E} |

integrated counts spectrum - M08 o |
3@ e B0
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Time since trigger (s)
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|
o
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10! =

Energy [MeV]

10°

a0

“LLE = "LAT Low Energy" (bkg limited)
“On-board photon selection + 1 track

In our first catalog : detection & duration

=

RA

|~ £Starting/ongoing : Light curve analyses (>10MeV)
Spectral analyses (>30MeV)

Data to be released soon for GRB and solar flares

RATE [Hz]

LAT standard data

Tight quality cuts > 100MeV in ROI

. very low bkg.

Event by event likelihood analyses :

spectra, localization

The Fermi observatory
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<seami First Fermi GRB catalogs

Gamma-ray

/ Space Telescope
{

= ““* e LAT count map : first 11 months

Green circles : long GBM GRB
Orange squares : short GBM GRB

From catalog (07/08 —07/10)
trigger cat : Paciesas et al. 2012
LB spec cat : Goldstein et al. 2012

N (ApJS 199, articles 18 & 19)

| 1:| ks i BRI S http://fermi.gsfc.nasa.gov/ssc/
O e ) B a.% -~  (soon alsoat ASDC)
e AN B vy 5 PO Blue squares : LAT GRB from in
~ . 4"~ " Preliminary Pprep. catalog (08/08 —07/11)

GBM : ~250 GRB/yr, ~45/yr are short. 931 triggered GRB as of today.
~1/2 GRB occur within the LAT FoV

LAT : ~10 GRB/yr. 5 short GRB detected so far.

~1/2 follow-up by Swift & ground-based telescopes (GROND, Gemini-S, Gemini-N, VLT)
9 redshift measurements

— Detection rate lower than expectation, but systematics in extrapolation from
BATSE/EGRET are not negligible. We see ~8% of GBM GRB located in the LAT FoV.

Summary of detections Vulcano 2012 6/23
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Gamma-ray

/ Space Telescope
\

LAT detections: bright bursts

3

10 E [1] " E E H
LAT "standard" R@V ¢ . A subsample of high fluence GBM bursts
o 8 g E B + (or well enough within the LAT FoV), not
# = = ++ .
§ @ s, E g 95, 7 systematically closer to us
@ [ & ¥ +4+4+ i :*+E+ ++ "'r?+ ++ .t 1’;-} —
3 107 L T P b 4 " ; "o
g +$;§’§ i, g;. e i the Fantastic 4" : a sub-sub-sample
B 0 TR Apait ¢*~+&§;ﬁ* 2 of very energetic bursts !
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+ Long GBM GRBs
¢« Short GBM GRBs

Angle to LAT (deg)

o High-confidence LAT detections
o Non-standard LAT detections (LLE)

Time since trigger (s) / (1+2)
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080916C |
1050 LAT GRB C
. \ LAT GRB090323
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s 1847 LAT GRB091003 28
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£ 10%} 12
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- 43 f 3
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T 10 ' 17
X My -
10:; — Long - N
10 | 1 1 | 1
10’ 10?2 10° 10* 10° 10° 107

Q
)

1

Flyence,,. (10Q MeV-10 GeV) [erg cm’]

o : :

10| LAT GRB090328A | B 1
i LAT GRB090926A | - LAT GRB Catalog .

10 ) LAT GRB091003 L .

1071 gl GBM GREs | LGRB: filled circles (in prep)

10% L ‘1 : ] 0 g SGRB: open circles Preliminar ]

1045_ = C_1 Il 1 1 | 1 l 1 l | l 1 l 1 ‘ 1 1 1 1 | 1 1 | 1 1 |

1044_ N _ 0 1 2 3 4 5

L S .  CLOYEHINE Redshift

1042 L —t+ te, . ..’0* o "',q

00T Lo w7 4 Xray and UV afterglows of LAT GRB
00 1 1 10 e 1 jod.Racusin et al. 2011, ApJ 738, 138

Time since trigger (s) / (1+2)
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<semi LAT non-detections

"Constraining the high-energy emission from GRB with Fermi"
(Abdo et al, submitted to ApJ, astro-ph/1201.3948)

Sample of 30 bright undetected bursts within LAT FoV

— 1/2 have predicted LAT flux (GBM fit) > measured LAT UL

— HE index from GBM+LAT fit softer than in GBM fit : 80%
(extrapolated LAT flux lowered, consistent with UL)

— 6 GRB require a spectral attenuation : 20%

1 B e e e A e s B 1000.000 " ;
E : 30 Fit Improvement

: :ggzgigEMﬂAT Preliminary ]

100.000
10.000

1.000F

0.100

Expected LAT Flux / LAT Upper Limit

0.010f

: 5
Preliminary ]
0.001 AT Y BTN S BTN R
-3.0 -2.8 26 24 -22 -20 -1.8 -1.6 0.001 0.010 0.100 1.000 10.000 100.000 1000.000
High Energy Spectral Index ( ) A C-Stat

Summary of detections Vulcano 2012 8/23
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Gamma-ray

Prompt emission: duration vs E

integrated over
time. vs time

95%-

7 —
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l/ SpaceTeIescope
i 134 bright BGO bursts
e T, measurements in | sppB flux
e various GBM energy
& % ranges up to 10MeV
g — TI’QO(E) decreases
Prellmlnary
lO 100 lOIOO lO(I]OO

EIlE‘I v [l{eV]

'~ GBM Nal & BGO
| LAT LLE

el %

- Preliminar
- GRB 090902B

10

1 0l 102 10 10 10°

Energy (keV)

E. Bissaldi et al

10°

T90 above 10MeV consistent with
GBM, does not decrease further

T, >100MeV systematically
longer than in the GBM range

0 GeV) [s]

T,, (100 MeV-1

-
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N
T
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(=]
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| LGRB: filled circles
-  SGRB: open circles

i * é § +08091*§ |
L _8390510 -& _

T
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3 0909028 =
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—8-

|

Preliminary
| | 1 1 1

! 1 10 10°
Too (50 keV-300 keV) [s]
LAT GRB catalog, in prep

Prompt emission

Vulcano 2012
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<hermi Short (hard) and long (soft) GRB

amma-ray

/ Space Telescope
{

Hardness

T90 A
80__ L | .' T HERELELR | T '.'""'I rorTrTTTT .
: T, <2s:short | T r>2s:long Ene:rgy range : GRB flux 95%"
950 + 300keV )
ol N integrated over
i ] time. vs time
ol ] S Vg
40 i ] Bkg g
20 :— _: LAT fluence in 104 LR O R
i . LAT T90 window ~ ¢ {,osoefec ¢ :
0_ N . o o . T — T g <I)ososw
o I TTT Illolll‘| T TT III-IIi0 rIS.II I II.:Ioll0 T TTT I:I?loo T TTI I-llcljl000 \ g
100 — _ Spectralhardness : 30 1 JH E
= : Counts 50 — 300keV) = *
u AN Counts {10 — 50keV) 2 |
T T +
1.0 — T oa .'.',-':_'_:’ ?‘ff-_é £ — =
= At SOR g
- }__’_-,_;',q.:,% 000 3 g |
B B S ] 2107 Preliminary
3 . ST WATY SNSRI Sw w1 Lol TR
0.301 L 11 ||11(|J! L 11 ||||1|! [ IIIIIA 1 11 1||1|(|)L-0 L 111 0 GBM ﬂuence IN I 10—6 10-5 10—4 \ 10—3
T90 [s] GBMT window Fluencegg,, (10 keV-1 MeV) [erg cm™]
GBM catalog %0 LAT GRB catalog, in prep
Prompt emission Vulcano 2012 10/23




/ Space Telescope

Counts/Bin Counts/Bin Counts/Bin Counts/Bin Counts/Bin

Energy [MeV]

/O

<seomi HE emission delayed onset

amma ray

GRB flux A
integrated over
time. vs time

T
5% i e

Bkg ¢ >
' [V S S B B T T T
. 0 " - $ 5 : i
X L.Hn..,.n]‘e..,,bm.; i J T 1 I I o B f 7
wh . ﬁ s By — 10 909028 3
oo et By : E : .&mg@@ks 3
GRB 110731A e ]
in prep paper by Fermi LAT&GBM, Swift, GROND, MOA % i |
= 1 =
HE emission onset delayed wrt GBM light curve onset 8 | ° ¥ :
Correlated variabilities at all energies N |

Spectral evolution : soft-hard-soft '_10_1

Systematic characteristic of LAT GRB - 6 ¢ | | 1|)rellnlllnarly :

_ 0 2 4 6 8 10

LAT GRB catalog, in prep T,; (50 keV-300 keV) [s]
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<=ermi Empirical fits of GBM spectra

Gamma -ray

/ Space Telescope

(g« Typical' Prompt GRE Spectrum PL SBPL BAND COMP
o e e ma e oy ——square cjrcle _star — triangle
Fluence Spectra
s 1|j|r', GBM ) GBM t : t |
o e aanad 113 (23%) 67 (14%) 75 (15%) 231 (48%) spectroscopic catalog
e ih! pea LAT |l —————————————— T T T T [t T ]
E “;”_ a Peak Flux Spectra | | ]
s 10} ﬁ e 152(31%) 48 (10%) 69 (14%) 214 (44%) _
" 0% L 2 4 3000 |- * -
iy 10°L - 3 :
o ]
10 0 - L L 1 1 1 1 § 1
10° 10% 10" 10° 10" 10* 10° 10 10° 8 2000 E
Photon Energy (MeY) S
The Band function fits well the spectra when enough 1000 [ # ]
counts are available. Since 1993 (D.Band et al, ApJ 413, 281) | T
P L v v Ly v v v vy
[1] 1] 4 5
Alternatlvely the Smoothly Broken Power Law (SBPL 1 ® ¥ of Free Model Parameters
"a hyperbolic cosine in  wf A=  wE—an 1 s
log scale") allows to fita i O ks
broader/smoother peak. | o a
> Low_Enargy Index 0 K 0 E o (keV) 1000 oo %38 B lHlZI'lsLEn;;r;jy‘I;ge?: RS
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<semi Nature of the MeV spectrum ?

Gamma-ray

Space Telesc
\
10.00000 ~ ‘7_::—;71 -
1.00000 } d

ope

~ Bl | 7" +EL GRB 110724B

- N 13 7 Band '| s. Guiriec et al, 2011, ApJ 727, L33

E Spectral fit improved (look at the residuals) by
7 adding a non-dominant Black Body component
g M T Y ainiti o, . in several bursts.

i Y g While a dominant multicolour BB component can

]
J
EEEEEN |j

an = o
T T T
1

F—— _§ 1 : N s ~§w 1 be found in e.g. 090902B (F. Ryde et al, 2009)
SN N Band -
i | ;’/
) »‘ i BB
§ oF pegit Ll ke § 4 } ?E' 4 : ’w*.—fr 3

GRB 090820A
J. Burgess et al 2011, ApJ 741, 24

Modelling different epochs of this GRB :
Thermal or non-thermal synchrotron , ) |
+ Black body component oty Mt 1 5 e i e

Prompt emission Vulcano 2012 13/23
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«mm,, The additional powerlaw component...
/ SpaceTeIescope
” ~GREB 0909028 ...that dominates emission at LE and HE in several GRB

vF, (ergicm?s)
_D;

Preliminary

10° [ ' Abdo A. A. et al. 20109,
:: ApJL, 706, L138

10 10? 10° 10* 10° 108 107 10°

Leptonic models : Inverse Compton, SSC

X Low-energy excess and delay>variability ??

» Couple internal shocks to photospheric emission ?
(Ryde 2010, Toma 2010)

Hadronic models : p synchrotron, hadronic
cascades (Asano 2009, Razzaque 2009)

v Low-energy excess (from secondary pairs)

v Late onset (p acceleration and cascade development)
X Require large B field and larger energy than observed
X What about, say, GRB 090926A spike? (correlated

variability at all energies)

Early Afterglow : forward shock pairs' synchrotron
(Ghisellini 2010, Kumar 2009)

v Delayed onset
X High variability of prompt emission not reproduced

X Requires high Lorentz factor

Prompt emission

Vulcano 2012 14/23
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<2ami vy opacity and jet Lorentz factor

Gamma-ray

/I Space Telescope
\

Y—7Y opacity constraint
Maximum photon energy from relativistically L |
moving source is related to its: - 5
+ Size: variability timescale g
+ Bulk Lorentz factor: limit energy higher than = . — .
for source at rest :
+ Target photon field spectrum: Band, PL or g | (;Rﬁ 0792%921‘3"'31
Band+PL depending on cases 07 e i Egy(kv) P L LA
Caveat : target photon field assumed 1400~ LAT Detections [ 4
uniform, isotropic, time-independant 200k . 080510 LAT Non-detections I'y,cv
» More realistic modelling (e.g. Granot 2008) & |
yields significantly (~3 times) lower values § 00 0808160 ]
Maximum photon energy in LAT - %_ 4 0909028 ‘ E
Variability timescale from GBM b‘;“;iil!ﬂ!ii 2
light curve (more statistics) \Ni‘ ]
> Robust (modulo caveat) i \ 080928
constraints for most GRB = o _
Cutoff energy for GRB 090926A 200 [-091127 . .
» Measurement I'~ 200-700 oPrellmlnary
LAT non-detections : 5 unknown z 0 1 2 4 5
Abdo et al 2012, astro-ph/1201.3948
Prompt emission Vulcano 2012 15/23



a

<seomi Long-lived HE emission

Gamma-ray

/ Space Telescope
{

LAT GRB catalog, in prep

1072

o= 1.60+ 0.09

_ FluxphlcmA2/s _

|
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Spectrgllndex
(41l

e 3

|
w
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+ - Preliminary .
£ GRB 0909028 E

1 102 10
Tlme -Trigger

X

T ITIIIHl T ITIIITIl T IIIIIH| T 1T

LGRB: filled circles
SGRB: open circles

-
(=)
w
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e 0909028
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Illll

L
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__@_ Q é + oeoméc
_83?051 0 -&

-y
(=]
N

T IIIIll
| IJIII|

T

-
(=]

T |I|IHI|

Ty, (100 MeV-10 GeV) [s]
—

| IIIIJII|

Preliminary

_L__L_.l_l_l_LLll 1 111 Illll 1 1 11 Illll

Q

-t —h

1 10 102
Ty, (50 keV-300 keV) [s]

>100 MeV flux in time bins of approx
constant significance — T_ (>100MeV)

Flux decays as a PL over time
Index between -1.8 and -0.8
Consistent with AG interpretation

Photon spectral index averages ~-2, with
no obvious spectral evolution

080825C
080916C
081006
081024B
081207
090217
090227B
090323
090328
090510
090531B
090626
090902B
090926
091003
091031
100116A
100225A
100325A
100414A
100724B
100826A
101014A
101123A
110120A

110328B |

110428A
110529A
110625A
110721A
110731A

Index of the temporal decay

o -
o (3] —t (3, ] N
||||||||||||||||||||||||

Gg¢

I..I..I..I..i.;..l..l..l..I..l..l..l. ...I..l..l_.l..l..l..l..l..;.

Long-lived HE emission
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<seami Multicolour afterglows

Gamma -ray

/ Space Telescope

Flux density [mJy|

Lo v v T -[- 9. g R R e R R T R

; : 1 [® LAT @ 100 MeV (x 100) - ARV 11=9s i 100 ¢ PrELIMINARY HI: t= S .

gt PRELIMINARY 3 |—GBM @ 10 keV I PRELIMINARY 1 i ) IV:t=550 s

=] T [+ BAT @ 25 keV (x 25) 0.1 I:t=16s 3 10 V: t=2.7d |

of + XRT @ | keV 3 E ] 3 . I=c.

= \ L [ 4 |
b ot ~ 1.4 + UVOT White 001 ¥ q i

r \\A’\ ! 1 o MOA I = F 3 0.1 4 |
b | | = MOAV £ 3 4

g t = 10k ] 0.01 1 ]
E } = E 3 b

5| 11 1

oE -] 4 [

1 z 10t { 104} 1

°r £ F 3 i

TF = [« Swifi/BAT 1 10° ) 1

e F 10- ? o FermilGBM i 10°® l- :

b E o FermilLAT 1 L F

=f 104 407 |
L l il i n wul L 1| I sl avaul E sl e e el e TR 7 sl sl vl wi sl ud uad i el sl i Al

1 10 100 1000 10*  10° 108 100 1000 101 10 10° 10° 001 01 1 10 100 1000 10¢ 105 10¢ 107
Time since burst [s] Energy [keV] Energy [keV]

GRB 110731A, in prep paper by Fermi LAT&GBM, Swift, GROND, MOA
GRB 090510A, M. de Pasquale et al (Swift+Fermi LAT) 2009, ApJL 709 146

TERD 4 2 common Fermi/GBM + Swift/BAT triggers
3 W|th overlappmg gamma ray Xray and optical observations
TR B

i | e e L : B ’%M TT+{11000 3 Support an afterglow model

i R = 8 0 ~w: of e- synchrotron emission

wp Hlﬁﬁ**I*Im i >3l LN . at the forward shock
%‘10—65-+ L - QMII ? o 3 tr E \\* i .
il SRR A S 1 110731A: transition from prompt
T ++T SUMOT ' 1 emission to afterglow

10° —— © ~,.\ ] . . g

Ty o LAT : 090510A : significant break — v

b T Tt oL XRT "___..__ W c
R I EON R N R A 2 10 001 01 10 100 1000 10 100 10° 107

107 1 10 10? 10° 10* 10°
Time since BAT triaﬂer ‘s' Energy (keV)
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<=emi Gamma-Ray Bursts for cosmology

" Spai??ii(reasiope
1000.00 e oA . 10000¢ T el ——
Preliminary- Rest-frame properties : - ,
i - S RS
100.00 = i i T90,restand Epeak,rest :
o BRI Correlations found : ol o ook |
- 5{ 3 . 02
10.00F 8 gﬁi Tt o 4 -7 pOSS|b|y ‘ A *®
§§ s i peak,rest . [ o ®
------------------------  RRRLEEES — E__ (Amati 2006) : LGRB > Shp e
bl { t i Wl 100} 8 Pr%liminary-—
3 GRB 110731A ] peakrest Lp (Yonetoku 2004) : yes : u‘@ A Tan :
0.10¢ { i Caveats : -
_ GRB090423° | gelection effects i N
0.01 ‘ Y S S| ., : . : :
he = 00 T4, & €nergetics : lower limits 0.1 1.0 10.0
10000 i No pseudo-z estimation
E 1. = T T /I -3 = 1 T T T T
- Preliminary i % G/r/gber et al, A. Goldstein QQP%:] Long GRB .
- Long GRB | Short GRB ¥ g
Short GRB
1000 |- e <
3 : &3 > 1000 o€ e :
% : ol et
LUQ 24 o LUQ i - I-§i" i ° ° ]
160 ; ..~ Preliminary
; % N\ 054 ] 100 I : 0.495
Bt = 448 x (101;;> _ Ty e (5 ! 1052) 5
1 [ ety 1 il . x 1 ] 1 i 1 1 1 1
? e 10 10°  10%  10F GRSl 10% o 10% 10% 10% 10%
E, [erg] L, [erg/s]
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/ Space Telescope
\

/0

s ermi

Gamma-ray

Extragalactic Background Light

— \{:‘. n Kneisxe - Dest Fit
T = 1 e || e
101 _ \\\‘L B GRAEs || ----- Salamon & Stecksr — wiz corr.
N Ston .- Fos B
Extrinsic y—y absorption I NS e
by UV background light 3 E’ ST
Combined study of 5 B% —
AGN and GRB of known redshift z - )
| LY
Highest photon energies 0% 400, o "0 L e
consistent w/ sources RE LR Y - o
05 I ‘II I |1.|5- . :'IEI l ;IE 3 I IS.E &'II I |4.|5I 5
Redshift
> « baseline » model from Stecker et al. T =3k~ " SLiees K. sk~ B 71
.‘. . “3‘1 1:}__‘:__‘_ . . e Kmeske - High UV
ruled out at ~3.6c " \ T s i a ot - e
10° | ) \ e T‘_;u__,___‘__"iT = Stckorsial. Gacolne
o feede T B B ey
[11]
< . *
R
@ [ ]
g
r' D
= * N -
*
10 _L.;. -‘l'- . ® o : :.. §TTeeTTT =
Abdo, A. A. et al. 2010, ApJ, 723, 1082 2 o ';:'-:, R -
P A P e T el
0.5 1 1.5 2 25 3 3.5 4 45 5
Erdebudt
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<seami Lorentz Invariance Violation (l)

Gamma-ray

/' Space Telescope
{

Some QG models are consistent with Lorentz invariance voliation: v (E ) # c

2 [ n
Em Em 0E, l+n|  Ep
o 1+ 2‘|‘ > +... , Vph:a_c 1— 5 >

A high-energy photon E, would arrive after (in the sub-luminal case: V,<C S= 1), or
possibly before (in the super-luminal case, v, >c, s = -1) a low-energy photon E,
emitted together :

At =

(1+n) Ep—Ef / (L+ 2"
0 /0 ( -

LAT IS more sensitive to linear term n=1

GRB as tools Vulcano 2012 20/23
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<seami Lorentz Invariance Violation (ll)

Gamma-ray

/ Space Telescope
{

Method 1: assuming a high-energy photon is not emitted before the onset of the relevant

low-energy emission episode

Method 2: associating a high-energy photon with a spike in the low-energy light curve

that it coincides with

Method 3: DisCan (dispersion cancelation; very robust) — lack of smearing of narrow

spikes in high-energy light curve

. A . Highest
GRB {?":fl‘g::) 4 “J i“'g:‘tfs K gff‘éi'.:rfs Method L:ﬂwer :ﬂ"m't on Va:d:m phgutun Redshift
- Q2G,1 " Planck n energy
080916C long 145 14 1 0.11 1 ~13 GeV ~4.35
1 1.2, 3.4, 5.1, 10 1
090510 short > 150 > 20 2 102 +1 ~ 31 GeV 0.903
3 1.2 +1
090902B long > 200 > 30 1 0.068 1 ~ 33 GeV 1.822
090926A long > 150 > 50 1,3 0.066, 0.082 1,1 ~ 20 GeV 2.106
All lower limits MQG,1 > MF,Ianck
QG models with linear LIV disfavored
GRB as tools Vulcano 2012 21/23
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Fermi & advanced LIGO - Virgo :

NS-NS and NS-BH mergers are expected sources of gravitational waves and

plausible origins of short GRB (T90<2s)

— complementary : GW — inspiral characteristics ; EM — jet properties, environment
— Fermi GBM is a good detector of short GRB : 45/yr (on-board triggers)

— finding EM emission coincident with GW triggers enhances merger detections.
— Fermi localization can reduce the search box for a GW trigger's OT

— ~2/yr coincidental triggers within NS-NS horizon (z<0.11 in Abadie et al. 2010,

Class. Quant. Grav. 27: 17300), ~8/yr within NS-BH horizo

Hope for TeV observations :
High energy photons from LAT GRB
New generation detectors with improved sensitivity :
— CTA (few "own" triggers, repoint on external triggers)
— HAWC (large FoV => "own" triggers,

survey => search for external triggers' counterparts)
Caveat : EBL and intrinsic spectral attenuation
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Fermi is a powerful tool for GRB studies :
The GBM is a prolific detector, the LAT reveals the GeV features of energetic bursts, in good
synergy (cooperation) with other instruments(teams) (Swift, IPN, optical telescopes...).

Deeper studies of BATSE & EGRET findings, new findings :

Long-lived high-energy emission... consistent with afterglow models.

"The Additional Powerlaw" component... at low and high energies, challenging the models.
Richness of the "MeV component" : synchrotron, photosphere, ...

Systematically delayed onset of the HE emission < soft — hard (— soft) spectral evolution.

Constraints to : Cosmology ? Not yet. But :

The jet's properties : intial I' ~ few hundreds

Lorentz Invariance Violation models : linear models from QG strongly disfavored

Extragalactic Backgound Light attenuation models : the most "opaque" scenarii are disfavored

Fermi has an important role in future multi — wavelengths/messengers observations :
provide triggers and localizations (GBM) and/or info on (V)HE observation likelihood (LAT)

THANK YOU !

Data (GBM, LAT, soon also LLE), GRB catalogs, software : http://fermi.gsfc.nasa.gov/ssc/
Work by (non)Fermi and (non)Swift people : http://www.mpe.mpg.de/events/GRB2012/
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