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Fermi and Swift observations of the bright short
GRB 090510 : prompt emission and afterglow

Ve
4 . V. Pelassa (LPTA) and M. Ohno (ISAS/JAXA)
¢B EY ML on behalf of the Fermi LAT and GBM collaborations

Gamma—ray
/‘ Space Telescope Abstract
\ The bright short-hard GRB 090510 was observed by both Swift and Ferms telescopes. The study of the prompt emission by Fermi revealed an additional high-energy spectral
component, the largest lower limit ever on the bulk Lorentz factor in a short GRB jet, and brought the most stringent constraint ever on Lorentz invariance violation models.
The tast repoint and follow-up by both telescopes allowed the first multiwavelength study of a GRB afterglow from optical range to several GeV. This long-lived emission has
been studied in the framework of the internal shock and external shock models. Convention : F o ¢~ p~—9
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GRB 090510 : XRT afterglow map
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. | | | I  BAT trigger : May 10th 2009, 00 : 23 : 00.48 UT
—first LAT onboard detection i . ! o | : | B cpoint within 100 s, 2 day follow-up

—>b0 on-ground LAT detection (Ohno et al. GCN 9334) & e B - afterglow detected

—20 events > 1 GeV (Omodei et al. GCN 9350) i S N XRT : RA = 333.55227, Dec = -26.58290, err = 0.61”
-~ LAT on-ground : RA = 333.4, Dec = -26.767, err = 7'(stat) § 4\ TR R~ — 0.903 +£0.003 (VLT : Rau et al.; GCN 9353)

— 5 hour follow-up observation
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Spectral analysis 10 B - T prommremen
—time-integrated spectrum : >5 ¢ HE component Fo0E E % Eﬂt:gg UVOT observations
2 .F - 8107 C .
(Bpr, = 0.62 £ 0.03), brings 37% of the total y-ray fluence g F E g —initial rise :
—a (0.58 — 0.68) : Band function with steep Bp,,g > 4 s e E : QOpt1 = —O.BOfg'&%
—b (0.6s — 0.8s) : significant HE comp, late > 100 MeV emission " E - 2 (typical of long GRBs!)
—¢ (0.8s = 0.9s) : HE comp. can be fitted, not significant r ] by —smooth break :
—d (0.9s — 1.08) : LAT data : power-law Bp; = 0.9 o b i o topt = 1.58f8'§§ ks
150' GBM Nals i y ‘ ' 3 15000 - § ______ § i §ﬁ|:+* —Jate decay :
£ (8-260 keV) i E o o r 1 e _ +0.11
2 100 : i 10000 £ § R i . T ol 1 : ﬁII IIT jAT QOpt,2 = 1'13—0.10
s : ] 8 E 10° |- — - GBM I ;ﬁjﬁ“ I*Im uvoT
8 50 E5000 8 E ; ; - E X ﬁII]'ﬁ 000 oo°<>°<><> 3
il : il = B 7] =107 k- 'ﬁil'in"'lunlﬂnh, | 0 —;| 3
200f e 20000 : — ] 3 T g, TM it XRT observations
£ 0.26-5 MeV)! ] - 0.6 8- 0.8 a: Band # PL = =" * ) .
MR "t shllow docay
§ 50 : —;5000 8 B 0.8 5 - 1.0 5: PL (LAT only) | E - - ) ._T_,_§_| . E; aX,l = 074 Z|Z 003
O:LAT ° BT S T T T ' - T ? ~break : tx = 1'le))j—L(())'.(l)%kS
£ dof@levents) ; J4000 g =ney el Tﬁﬁf 4 —steep late decay :
g 201 -2000 f‘; Leptonic model R ff T o ? axg=2.18x0.10
[ ! i : - 10 107 10° 10° 10°
0 " S o — e~ synchrotron below 10 MeV, SSC above 10 MeV Time since BAT trigger (=)
g 4p@1oomen 1400 ¢ —doesn’t explain HE component delay (0.1s — 0.2s) LAT observations
5 of I J200 § —rapid change of B, I' or e~ spectrum needed
; 1 ; 18 , —end of GBM prompt emission : GBM trigger + 0.9s = BAT trigger + 0.38s
c g;— AT - :20 = Hadronic model —unbinned likelihood fits in all time bins
[ (> e 1 1 _ O . . . .
§ ’f : : M~ " or synchrotron from p and ions —significant detection (>50) up to 200s
3 1} 1 i ] = . . .
S H | 2 & —can explain the delayed arrival —lightcurve shows no feature or break, decay : ay = 1.38 &= 0.07
h Time since GBM tri;;?(nnym, 2019, 00:22:59.971d§r) (s) ? — large total energy required —no spectral evolution, average energy index : 67 = 1.1+0.1
Internal shock or forward shock 7
\ / Internal shock (IS) 4+ forward shock (F'S)
— fﬂl S:SY;};TOH %(E)%Ssnag(e;n tr;gsghe;“r t . .. . — X-ray and -y fluxes at 100s consistent with internal shock, with fine tunings
5 5 5 P e —optical emission from forward shock, initial raise would be the onset of the F'S emission
s wh —vpp, # c allowed by some quantum gravity models :  requires low ambient density : 7 ~ 1 060 —3
L low-energy £y and hlg.h—energ.y En phptons emit- — requires initial bulk Lorentz factor Ty ~ 103, consistent with prompt emission analysis
§ 102l ted together would arrive at different times :
(IS Y Forward shock (FS) only
3 X doubly broken power-law (nicely fits the observed SED over 9 energy decades)

B =-1/3 (UV),
B = 0.78 £ 0.04 (X-ray),

Time since GBM trigger (May 10, 2009, 00:22:59.97 UT) (s)

—most conservative limit (gray line) : B | /o
31 GeV photon emitted with all <1 MeV = At < 859 ms = Moq.1/Mpjgper > 1.19 €3E_b 62;(1 / <7>’. 043 to <001 kel
—least conservative limit (red line) : (FS) reak decrease : VAo 1o <. UL KeV,

T 0 - (;5»’] L 1 - 155' — (MQG,RCQ)n | | v
D _
31 GeV photon emitted with <1 MeV spike = At < 10 ms = Mog.1/Mpianer > 102 %—%A HE break € [10 — 130} MeV (100s)

= strong and robust constraint on linear LIV models Y — consistent with hghﬁcurves < 1 ks
—early F'S onset requires I'g > 5800

—doesn’t explain some temporal properties (« X1 too shallow, QOpt 2 =+ « X’Q)

UV YX = extensions needed : microphysics parameters evolution and/or energy injection
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Co.min(Emaz, tv) : Tomin(0.6s — 0.88) = 9504 40; T i (0.85 — 0.95) = 1220+ 60

= highest 'y i, ever set on a GRB, most rapid ejection measured from a short GRB!! _
Conclusions
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