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@-vgcrmi O“tline:

* Multi-wavelength detection

 Duration and t90

* Light curve

 Spectral analysis (time integrated and resolved)
e Possible source of the prompt extracomponent

* Multi-wavelenght analysis of the extended
emission

« Constrain on the I’ . of the source

 Limit on the LIV
* Conclusions and scientific highlights
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o crm Multiwavelength detection of GRB090510

aaaaaa

> Bright, short GRB090510106 triggered the GBM at 00:22:59.97 UT.

» >5sigma detection by Fermi-LAT (Ohno et al. GCN 9334)

> >10events above 1 GeV (Omodei et al. GCN 9350)

> 15t LAT onboard GCN notices were issued

»Many other satellites as SWIFT, AGILE, Konus-Wind, Suzaku WAM,
INTEGRAL/SPI-ACS and ground telescopes as NOT and GROND
detected this event.

> Spectroscopic redshift z=0.903(+/-0.003) (VLT:Rau et al.; GCN 9353)

LAT count map for prompt emission  Swift XRT afterglow image
[_GRB090510016 | (TO tO TO+503) "
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s, ermi Multidetector duration study
Gamma»ray
” Space Telescope
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Time (seconds after trigger)

Duration computed in the standard energy range 50-300 keV with Nal detectors

Tgo (Na|3;6’7) =2.1s T90 (Na|6) = 0Os
T., (Nal3,6,7) = 0.2s T., (Nal6) = 0.3s

Background fluctuation => not unique plateau selection.
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sy P Spectral lag analysis

ey MEthOdS © Cross Correlation
‘ ., | Function (CCF) and a LAT only
g ' t 1 spectral lag analysis that use the

L 1 Shannon Information cost function.
} i T-T,=05s+1.45s

3 $ 4 Energy intervals for CCF:
| | ; « BGO: from 0.11 to 45.5 MeV
- Nal/BGO Nal /| LAT « LAT :0.1-1 GeV, 1-10 GeV

] and >10 GeV

Base band-width : Nal 8-40 keV
* Results:
* Similar results with both methods
« <1MeV: spectral lags negligible
* Progressive increase up to ~250ms
then remain constant after 30 MeV.
* For the LAT only data the lag at

99% c.l. is <30 ms/GeV T,=2.1s —» Short Burst
No spectral lag
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10: Fermi Lightcurve

Leami  GRB0905
Gamma-ray
v cﬁ15u-aBM i 1 2 ©)315000 ¢

o GBM/NalS i
L s - GBM triggered on a weak and
] ZOg-GBM BGOs : (c)-zﬂﬂﬂﬂu SOft pUIse (TO)'
g 150 (S Uel GBM/BGOs ™ ¢ > 6 main peaks in GBM (Nal+BGO)
g‘iﬁ: | ;Ezﬂua from T,+0.4s to T +1s

’ A AL ¢ 3 > LAT emission is delayed and

LT 1 @) in coinci i

g ap(hlovms 1| LAT-AD =} starts in coincidence with the
: | o € brightest Nal peak (T,+0.53s)
’ ; 1y ;%0 "~ Emission >100MeV begins with
P~ LAT(>100ﬁ$uV? the 4t low energy peak
: ! | 3 (T,+0.63s)
S il i
. 1] I‘ ¢ > 31 GeV photon is observed

0 | 0 -
e St g 5 1 s 0.8 s after the trigger
§ ip1GeY) | . | | LAT(>1GeV)? 3 _ -
5 2 P10 ) ( . W;“ s “High energy emission lasts much
: ; ) ’|||[| i R longer that the low energy

& O 05 1 15 2 (>0.1 GeV detected up to T +200s)

Time since GBM trigger
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Counls Bin
-
=
T

Timie since (263E507TE1.97) {5)

LAT events above 100 MeV with a bin width of 50 ms. The blue
dashed line and the blue solid line are the best fit with two

different phenomenological pulse shape.
Thet, =0.63+/-0.03sandt, =0.58 +/-0.05s
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d Prompt emission spectrum:

@-?ﬁcrmi first clear evidence of an extra component
o Soece Taecoe
GBM/Nal GBM/BGO LAT Count spectra
“ > > < g

-Significant deviation (>50)

: from the standard Band

" function above 10 MeV.

-Excess adequately fit with

’ _:_[:‘; an additional powerlaw (PL)
= ->extra-component !!

s s kev )

our

|
%j
I

I

* Lower limit on a possible second break energy: ~4 GeV

F. de Palma SCINEGHE 09 09/10/09 9



Prompt emission spectrum:
first clear evidence of an extra component

\/ Sp Tel p
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10" 1
10° '5
10° 'g
107 Time-integrated photon spectrum{0.5s - 1.0 5) _3
“F10 100 100 10° 105 10° 107 10°

Energy (keV)

Spectral parameters:

E

peak

o =-0.58 +/- 0.06

=3.9 +/- 0.3 MeV Fluence (10kev-30Gev)=(5.02+/-0.26)x10erg cm™

E, =(1.08+/-0.06)x10% erg

B =-2.83+/-0.20 [] ~37% of the fluence from the extra-comp.
PL Index = -1.62 +/- 0.03 | EBL affects the total fluence for <1%

F. de Palma
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S erml

;I]me_r_engy_ed_spsch_a

/ Space Telescope
! GBM Nals i

< 150F (3260 ke V) i

G

~

amma-ray

g 100}

50

i bowt (a) TO+0.5s to T0+0.6s :

Band function with steep beta (<-5.0)

1 1]
. e e 0

é 150F
£ 100f
s0f
0

FGBM BGOs |
(0.26-5 MeV)!
i

e No extra component

{10000

(b)T0+0.6s to T0+0.8s :

0

; o iy o Additional component significant only
5 o o 5 in this time interval
, 1 o (c) T0+0.8s to T0+0.9s :
% j 1 : 1 E Band only fit : harder beta
“ P d - inconsistent with the previous bin.

g T Band+PL ¢ fix beta to the value
vEv / i from the previous bin; extra comp.
10 - > - can be fit with a similar PL index.
1 = Reasonable to adopt the extra
L | component for this time bin
g T0+0.5s to T0+0.6s (Band beta fix) (d) TO+09$ tC-) T0+1.0s _:
T0+0.6s to T0+0.8s (Band+PL) LAT data is fit by PL with a steeper
107 b T0+0.8s to T0+0.9s (Band) : ~
C T0+0.8s to T0+0.9s (Band+PL betafix) Index Of 19
T0+0.95 to T0+1.05 (PL:LATonly) Extrapolation of at low energy

10 10?

. inconsistent with GBM upper limits

s 104 105 10° 107 10°
10° 10* 10> 10° 10 10 - spectral break ?

Energy (keV)
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vF, (erg/lom?¥s)

< 150F (3260 ke V) i

g 100}

50

i bowt (a) TO+0.5s to T0+0.6s :

Band function with steep beta (<-5.0)

0

200F GBM BGOs |
é 150} (0-26-5 MeV)!
£ 100f :
50F
0

g No extra component

{10000

(b)T0+0.6s to T0+0.8s :

0

; o iy o Additional component significant only

5 o o 5 in this time interval

, 1 o (c) T0+0.8s to T0+0.9s :

T 1! 1 E Band only fit : harder beta
U SO IO d - inconsistent with the previous bin.

g T Band+PL ¢ fix beta to the value
vEv / i from the previous bin; extra comp.
10 - > - can be fit with a similar PL index.
1 = Reasonable to adopt the extra
L | component for this time bin
g T0+0.5s to T0+0.6s (Band beta fix) (d) TO+09$ tC-) 10+1.0s _:
T0+0.6s to T0+0.8s (Band+PL) LAT data is fit by PL with a steeper
107 b T0+0.8s to T0+0.9s (Band) : ~
- T0+0.8s to T0+0.9s (Band+PL betafix) index of _1'9
- T0+0.95 to T0+1.05 (PL:LATonly) Extrapolation of at low energy
10 10° 10° 10° 105 10° 107 10° gf":;f::;‘;:f;:ﬂ GBM upper limits
Energy (keV) P '
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Gamma-ray

~

/ Space Telescope
GBM Nals i

vF, (erg/lom?¥s)

< 150F (3260 ke V) i

g 100}

50

i bowt (a) TO+0.5s to T0+0.6s :

Band function with steep beta (<-5.0)

Sl
Snpssetae = 0

200F GBM BGOs |

(c)20000

£ 150} 026-5 eV No extra component

£l fooo & (b)T0+0.6s to T0+0.8s :

; (, (ea_jm ; Additional component significant only

g o o in this time interval

R e ' 1 to (c) T0+0.8s to T0+0.9s :

g 1 E Band only fit : harder beta
SO N NI ? " - inconsistent with the previous bin.

g T Band+PL ¢ fix beta to the value
vEv / i from the previous bin; extra comp.
10 - > - can be fit with a similar PL index.
1 = Reasonable to adopt the extra
L | component for this time bin
g T0+0.5s to T0+0.6s (Band beta fix) (d) TO+09$ tC-) T0+1.0s _:
T0+0.6s to T0+0.8s (Band+PL) LAT data is fit by PL with a steeper
107 - T0+0.8s to T0+0.9s (Band) : ~
= T0+0.8s to T0+0.9s (Band+PL betafix) index of _1'9
- T0+0.95 to T0+1.05 (PL:LATonly) Extrapolation of at low energy
10 10° 10° 10¢ 10° 10° 107 10° ';: :éf::l Itor";:k GBM upper limits
Energy (keV) P '
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Band function with steep beta (<-5.0)
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E 100f E
50F
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(b)T0+0.6s to T0+0.8s :

0

; T e Additional component significant only
5 B o in this time interval
. 1 e (c) T0+0.8s to T0+0.9s :
: j : 1 E Band only fit : harder beta
T ot ol ? -> inconsistent with the previous bin.

g T Band+PL ¢ fix beta to the value
vEv / i from the previous bin; extra comp.
10 - > - can be fit with a similar PL index.
1 = Reasonable to adopt the extra
L | component for this time bin
g T0+0.5s to T0+0.6s (Band beta fix) (d) TO+09$ tC-) T0+1.0s _:
T0+0.6s to T0+0.8s (Band+PL) LAT data is fit by PL with a steeper
107 b T0+0.8s to T0+0.9s (Band) : ~
C T0+0.8s to T0+0.9s (Band+PL betafix) Index Of 19
T0+0.95 to T0+1.05 (PL:LATonly) Extrapolation of at low energy

10 10?

. inconsistent with GBM upper limits

s 104 105 10° 107 10°
10° 10* 10> 10° 10 10 - spectral break ?

Energy (keV)
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.
e T1Me resolved spectra
B e —
S ol L onno (a) TO+0.5s to T0+0.6s :
g 3 el Band function with steep beta (<-5.0)
£ fro, S N No extra component
£l fooo & (b)T0+0.6s to T0+0.8s :
; (, Y il Additional component significant only
: | |H|||| bl b in this time interval
gt N 1 to (c) T0+0.8s to T0+0.9s :
| T 1 E Band only fit : harder beta
R SO IO - - inconsistent with the previous bin.
w g Band+PL ¢ fix beta to the value
vEv 1 from the previous bin; extra comp.
10 - can be fit with a similar PL index.
@ 1 = Reasonable to adopt the extra
: 1 component for this time bin
E T0+0.5s to T0+0.6s (Band beta fix) (d) 10+0.9s to T0+1.0s :
T0+0.6s to T0+0.8s (Band+PL) LAT data is fit by PL with a steeper
" ig:gﬁz :g igigg: ggzglPL betafix) Index Of ~-_1'9
T0+0.9s to T0+1.0s (PL:LATonly) Extrapolation of at low energy

10 102 10° 10¢ 105 10° 107 10°

F. de Palma

Energy (keV)

inconsistent with GBM upper limits
- spectral break ?
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! Origin of extra component

aaaaaaaa

A. Leptonic Model

Low energy component (<10MeV) : synchrotron emission from
non thermal electrons
Extra component (>10MeV) : synchrotron-self Compton

v'Can not explain the delayed onset (0.1-0.2s) of this extra component
v'Rapid change of B, T, electron energy distribution is needed.

B. Hadronic model

Extra component : photo-meson or synchrotron process from
ultra-relativistic protons and ions

*Short GRBs would be candidate of the origin of UHECRS
*Could explain the delayed onset of extra component
v'Much larger total energy (>100) is required.

F. de Palma SCINEGHE 09 09/10/09 16



T 1 —=— promptemission
—=— long—lived det.
—a— UL index1 4
—#— L index05
—&— UL index25

Significant (TS>25) HE
(>0.1 GeV) emission up to
200 s after the trigger.

LAT lightcurve best fitted

wvor by a power-law with index
. " =-1.38 +/-0.07
E T“ ey (T,+0.38 s -T,+200 s)
Ei “'I'L!—* I =
o —
T
] | | T ITI |
T A

Time since BAT trigger (s)
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«=ami GRB 090510 extended emission

aaaaaa

Sp T| p
i Fit results of joint spectra LAT- XRT- UVOT in the Forward Shock model.:

B, = -1/3 (fixed for the FS model) -> UV range
B,=1.78 £ 0.04 -> Xray

B, =B, + 0.5 (imposed by the FS model)

E,, = decreases over time from 0.43 keV to less than 0.001 keV
E,, € [10 + 133] MeV [for the 100s fits only]

UVOT-XRT-LAT SED

[T +W#f+“ T+100s

Model comparison:

- X-ray and GeV from Internal
Shock, optical from Forward Shock
can reproduce the spectrum at 100s, =
but needs some fine tunings

- Optical, X-ray and GeV from
Forward Shock can naturally
produce the full broadband spectrum
by the simple emission model, but it
needs some theoretical extensions to

explain overall detailed temporal
properties 20 error bar 68% contour plot

10 100

T+1000s -

T+7000s
T+12000s

Flux density (uly)

1077107%10 % 107107 %001 0.1 1
|

v bl v vl e il il PENERTTI! B PERRETIT BEEN AT
1072001 0.1 17 10 100 1000 10* 10 10% 107
Energy (keV)
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~ 31 GeV photon:

@ﬁf’”m" highest energy photon for short GRB
v spa;eozelimpe - — 31 GeV photon : 0.83 s after the trigger

S 100 A . : .

v ssociation with the GRB:

§ 102 - 5.8 arcmin from the
10 - Swift/fUVOT localization

EN well inside 95% psf .

fow - The significance of this
g R SN ol photon is between 4.4 ¢
B A il Lo and 5.6 g, with a most
¥ opeopei . o likely value close to the
A I | -3 upper bound.
g o i=F |
3T |, = z Such hlgh_energy photon can be used
s o 5 to constrain the bulk Lorentz factor of
3 Wiii Qi+ [ relativistic jet and constrain the

0 05 1 15 2 Lorentz Invariance Violation (LIV)
Time since GBM trigger

F. de Palma SCINEGHE 09 09/10/09 19



~
s, ermi Limit on bulk Lorentz factor

Gamma-ray

\/’ SpaceTelescope . ) . . ) )
Due to large luminosity and small emitting region, optical depth for the

Y-y -> e+e- pair production is too large to observe the non-thermal
emission from GRB = compactness problem.

Relativistic motion (I'>>1) could avoid this compactness problem,
it allows a larger emission radius and a smaller co-moving target photon density.
The optical depth for the pair production is :

P 3opd?  mic® g el \ |€E(142)
B = I3T B+ o) Jmietr @ “\T42) ¥ )
E(itz)
I, can be derived using the condition T _(E__)=1.

ABA 2t 1TE[ (a-f)Bu [T
3 AT (2 + a)100 keV

1_\min{ Emax) = {

o M |

If the spectrum is a Band

function and the cross section is < exp ( 8 — (-t_) { Im2e! ]H’g |
approximated with a delta 5 23) | Bl s :)2 TR
function we have:

o L. \/(l + 2)2Emax Epk(a — 3) |
The values obtained numerically - 2m2A(2 + a)

and with this function agree

F. de Palma SCINEGHE 09 09/10/09



i GRB090510:

@?m" the most powerful outflow for any GRBs

: 'y Space Telescope
I, (T+0.6s — T+0.8s, E  =3.43 GeV, t =14ms) : 950+/-40
[ (T+0.8s — T+0.9s, E =31 GeV, t =11.9ms) : 1220+/-60

First constraint on the bulk Lorentz factor for redshift known short GRB
Highest I' . for any GRB, and by far the highest for a short GRB

=> short GRBs might have similar power of outflow as long GRB

m

m

BT rrrrrrrrrrr 1] B0 T T T T3
r T,+0.65 - T,+0.85 ] -~ T,+0.8s- T,+0.9s 7
3 o0 1700 -
1200 \_\ Emm(: 343 GeW ] E Enmx:_qo_:\_g GeV E
L N N 3
B ‘-\ | ® Band+PL fit] | 1600 1: + Band fit -
1100 . ] v ® Band-+PL fit| I
N \ 4 1500\ + —
= N -\ " :
= - i CooN ]
- - ‘“‘x 4 1400 ‘ —
1000 — ~o — - \ . .
L x““-‘__ — - = T
B | - N .
- +~,_ 1 1300 ~ 3
900 (— =t u .
C ] 1200 -
SOO_I | | | | | | | | | | | | | | | I_ lloo_l | | | | | | | | | | | | | | | T;
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20

l (ms) [ (ms)

- t estimated using the GBM detectors (Nal or BGO)
-the erroron I . is estimated propagating the 1-o limit on the spectral
function parameters
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~
«=mi LIMItS ON Lorentz Invariance Violation (LIV)

Gamma-ra

Some quantum gravity models allow violation of Lorentz invariance: (v, )#c

n —_
The photon aEph 1+n Eph S, = +- .1
propagation Vv =———"~( l-s > respectively
speed Is: apph 2 My € sub/super-luminal

A high-energy photon E, would arrive after (s =+1) or also earlier (s =-1) a
low-energy photon E, emitted together.

GRB 080916C : the tightest upper limit so far (Abdo et al. 09), for (s_=+1)
My, > (1.50 £ 0.20)x10"® GeV/c?

Pulsar GRB AGN GRB AGN

(Kaaret 99) (Ellis 06) (Biller 98) (Boggs 04) (Albert 08)
1.8x10% 0.9x10'¢ 4x101 1.8x10"7 0.2x10'8
1 _I_ n "o En = l ‘I‘ ?_,f P
For (s =+1) At = 7 ) “l; —— / (_ j_ —
2y (*‘l QG,nC )" Jo ]\II.'III:{J!?',I".',(J‘ + 2')% 4 Q)

n = 1,2 for linear and quadratic Lorentz invariance violation, respectively
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LIV : first time My>M

@-_;)scrmi plank
] Space Teles};ope ° . ° L3
{ : : _Estimate lower limit of M , for various At, AE
% e ________ ____________________________ — € Most conservative case :
H: / IRIE A 31GeV photon starts from any <1MeV
10° : o 5 o« o
- 1 © d[lPRer L - Emission so for (s =+1)
. ﬁ:jﬂ“‘% At < 859 mS, MQG,I/Mplank > 1. 19
$ dodddeihce T .
A @ Least conservative case:
i ’ A -xg"é 31 GeV photon associates with < 1 MeV
] T GBM BGOs | tc)gmﬂﬂu Spike for (Sn =+/-1)
i B | =
§ 5:- | :mog At< 10mS, MQG,I/Mplank > 102
gm:-mrevents}é | iwo g OUr NEW limit: My..,/M ., > several
8 % ! # & is much stronger than the previous result
; o Tonmen oo (Mge /M, > 0.1 : GRB080916C ;Abdo 09)
U: :1 0 . .
s T » 5 Greatly constrain the quantum gravity
S48 Hiwigy j F § model(n=1)
o i O i (YRR A : More details in the F. Stecker talk
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S~ Summary

€ GRB 090510 : bright short LAT GRB with many interesting results

* The first GeV short GRB with known redshift

* First clear (>50) evidence of extra component is discovered

* 31 GeV photon is detected: the highest energy photon for short GRB
 Highest bulk Lorentz factor for any GRB (I"_. >1200)

=>» outflow of short GRB might be as powerful as long GRB

* Mc>M, . is firstly required: greatly constrain many QG models
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<semiGRB 081024B other LAT short GRB

/’ Space Telescope
|

Counts/bin Counts/bin

Counts/bin

Counts/bin

Gamma-ray

150 G Nal, + Nal, : 71500
- (8 kelé260 keV) : ]
10F 11000

1500
o}
607 cemaco, 1500
[ (260 keV-5 MeV) ]
s J400
0] J200
u- a
a; : /N‘
_ : . ; :
[ LAT : ‘
[ (All events) f o @
10- i o 100
[ | J | \ ]
Il
: | il
0 - BT R s " e R
; | ey T _
i ' ]
: " ' ' ' ‘ 3500
JELAT R 3000
E (> 100 MeV) | -12500
: ! 2000
2r I
‘ g ' 1500
1 i 1000
: ! u y -1500
== ; : . . : 0
4 0 2 4 § § 0

Time since (246576161.8) (s)

VF, (keV/em®/s)

Countsisec

Energy [MeV]

10°

2

PRELIMINARY

— O - OB (GEM+LAT, Band)

C: 0.8 - 2.6 (LAT, Powerlaw)

Az .l - O.1s (SEM, Compionized)

B 1 1 IIIIIII 1 1 IIIIIII-II 1 1 III'III 1 1 IIIIIIT
102 10° 10 10° 10°
Energy (kelf)

26



Vs Table 2 | Limits on Lorentz Invariance Violation

' ' ' . T . . .
@ s erml t.i—1o Limiton Reasoning for choice of t,, E Valid  Lower limit on
= L # |At| (ms) or limit on At or |AVAE]| (MeV) fors*  Mogi/Mopng

Gamma-ray " (mS)

gt Siiich Taresis (@ -30 <859  start of any <1MeV emission 0.1 1 >1.19
(b)* 530 <299  start of main <1MeV emission 0.1 1 >3.42
(c)* 648 <181  start of main >0.1 GeV emission 100 1 >5.63
d)* 730 <99 start of >1 GeV emission 1000 1 >10.0
e — <10 association with < 1 MeV spike 0.1 +1 >102
(f)* — <19 If 0.75 GeV* y-ray from 1" spike 0.1 -1 >1.33
(9)* |MAE|<30ms/GeV lag analysis of >1GeV spikes — +1 >1.22

Our results disfavor QG models with linear LIV (n = 1)

(a}

All of our lower limits on M, L Mg -
are above M., wf LE
a-e based on 31 GeV y-ray o E e
a-d assume thatt,_ >t t.. e " i
= emission onset time g o R ui | E
e,f association with a specific s pme= = e
low-energy spike 1o e
g sharpness of HE g -I|||H o o

_ 8 —— 1 —1Li8 ® fz0

i G i J|| TR

Time sincea GB‘M trigger (263607 781.97) (sac) '

Counts/sec

Energy [GaV]  Counts/sec



~ GRB090510:

@bﬁc?”?ti the most powerful outflow for any GRBs

Due to large luminosity and small emitting region, optical depth for the
Y-y -> e+e- pair production is too large to observe the non-thermal
emission from GRB = compactness problem.

Relativistic motion (I'>>1) could avoid this compactness problem
R < I'cAt

photon number for y-y absorption : I'***P)
I' . can be derived using observed highest energy photon

I (T+0.6s—T+0.8s, E__=3.43 GeV, tv=14ms) : 950+/-40
I (T+0.8s— T+0.9s, E_ =31 GeV, tv=11.9ms) : 1220+/-60

First constraint on the bulk Lorentz factor for redshift known short GRB
Highest I' . for any GRB, and by far the highest for a short GRB

=> short GRBs might have similar power of outflow as long GRB




Different emission mechanism: Synchrotron self Compton ? Hadronic origin ?
Only GRB941017 shows the sign of extra component

Constrain the bulk Lorentz factor of the relativistic jet
No evidence of the cut-off so far.

HDelayed or long-lived high energy emission ?

Suggests another emission mechanism
Time delay of high energy photon =» Limit on the quantum gravity mass :M

A few GRBs show delayed high energy emission (GRB940217, GRB080714)

Need more sensitivity and larger FoV




<=omi - SUMMary for GRB 090510

* First GeV short GRB with known redshift (z=0.9)
* First clear evidence of extra component (>50)

* Highest energy photon for short GRB : 31 GeV

* The most powerful outflow for any GRB : I'>1200
* First time, M,,>M , , is required

* Long-lived emission (?)
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