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CAgp—" Gamma-ray Bursts: prompt emission
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Intense hard X-ray to gamma-ray emission discovered at the 60’s
 Event rate : 1-2 per day
« Wide diversity in light curve (0.1-1000s duration)
« Cosmological distance (z~0.1-9)
« Bimodal duration distribution 107 grem——r—rrrrrr——rr
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s, P ML Gamma-ray bursts : afterglow

« After the spiky prompt emission, there is long-lived (~day)
afterglow from radio to X-rays

« Late phase afterglow shows smooth light curve
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Space Telescope

Prompt emission afterglow
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Ultra-
Inner relativistic
engine jet
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Internal shocks External shocks

« Still many unknown, unclear... Piran 2003
emission mechanism of gamma-ray, jet formation, .. Etc

key observation: high-energy gamma-ray emission
2015.08.31 GRB Workshop 2015



/~ High energy emission from GRB

i : Pre Fermi Era
/ Space T¢ ' : ] | I_=EBFI.UAFIY 1?. 1994.BUFISTI ] :

—— GRB940217(Hurley etal.94) = ___ |

o 2550 kev GeV photons S

& up to 90min after the trigger T2
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GRB941017 o114 s.c. EGRET detected > 100 MeV photons
(Gonzaletz;et al. 03) " | from a few GRBs

Tempo!;aﬁg}g " . Different behavior from <100 MeV photons

2

HE spestlf’a v'Long-lived emission
R | ~+— v Extra spectral component
g ) T = constrain on emission mechanism
W v'Highest energy photon
E => bulk Lorentz factor of jet

v'Cosmology, fundamental physics
Extra galactic background light
Lorentz invariance violation

e 3
5

E et P e Need large FoV, high sensitivity
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s, P Fermi Gamma-ray Space Telescope
Gamma )
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’ lAT Gamma-ray Burst Monitor (

12 Nal detectors (8keV-1MeV)

- onboard trigger , localization

- spectroscopy

2 BGO detectors (150keV-40MeV)

- spectroscopy (overlapping LAT
band)

S|I|con-Str|p detectors

ACD (plastic scin
- background rejection

"Typical" Prompt GRB Spectrum

10— T T T T3
10 ___cBM I _
t;m 10° LAT ““: . . .
£ 1 -Efficient observing mode
> 10’ /\ 1 -Wide FoV
2 o0k " o { -Low deadtime
L A ] -Large effective area

I 1 -Good angular resolution

10° 102 10" 10° 10' 10 10° 10* 10° -Energy coverage
Photon Energy (MeV)
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s, e GRB observation by Fermi

Example for bright GRB 080916C
(Abdo+09)

> 7 decades of energy range
-Large FoV(GBM:~4Tr,
LAT: ~65deg (90deg for LLE)

- > 10 times sensitivity of EGRET |
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s, P ML Onboard alert and ground analysis
SGar."ma ay
pace Tele;mpe " . .
v Typical GLAST GRB Timeline
wal 1s 10s 100s 1000s
1
|n$1mment(s) Fast signal Alerts and updates
Trigger(s) GBM->LAT to GCN with localization 10°s 10¢s 10°s

GBM: <15 deg initially, with

Science processing refinements to <5 deg

parameters reviewed

Slew to keep burst within LAT FOV _

by Users Committee LAT: ~few - tens of arcmin, (dwell time initially planned for ~5 hrs) Updates from detailed
depending on burst . . ground analyses
properties Repoint Repoint request
request LAT->Spacecraft

Regularly-scheduled

GBM->LAT data downlinks (5-8/day)

Planned repoint frequency (adjustable):
« bursts starting within LAT FOV ~1/week
* bursts starting outside LAT FOV ~1/month

» GBMY/LAT on-board processing (10—15 s):
GCN alert within 10—15 s from the trigger time through TDRSS (alert, location).
Now 2 s~ 150s windows are also used for on-board search
We have few onboard triggers ( GRB 090510, GRB 131108A)

» LAT ground processing (a few hours after data downlink)
Final location, spectrum (1st circular).
Final location, high-energy flux and spectrum, afterglow search results (2" circular).
Data downlink may take > a half of day once ARR is triggered

2015.08.31 GRB Workshop 2015 9
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A Autonomous Repoint Request (ARR)

/ Gamma-ray
/SpaceTelescope

GBM FSW triggers Autonomous Repoint Request (ARR)
S/C slew to the GBM position up to 2.5 hours subject to earth-limb constraint

ARR for GRB 090926A

ARR triggered for almost a half of LAT events = helpful for extended emission search

2015.08.31 GRB Workshop 2015 10




@ erml Fermi GRB statistics (up to Aug. 2015)

Gar."mar’a','

Cumulative GRB number

...................... '100
| mGBM

1500~ BLAT 3B\
I LAT

1000

LAT Total

500

2009 2010 2011 2012 2013 2014 2015

Green: GBM-detected GRBs
Gold : LAT-detected GRBs

 GBM detections: ~250 GRBs / year (1700) , ~half in the LAT FoV
* LAT detections: ~15/year (102), ~8% of GBM detections

2015.08.31 GRB Workshop 2015 "



The second Fermi-GBM Gamma-ray Burst CATALOG: (von Kielin+14)
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Differences can be seen between long/short GRBs
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Fermi-GBM highlights 2) spectra

The second Fermi-GBM Gamma-ray Burst SPECTRAL CATALOG

(Gruber+14)
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Systematic studies with large sample of Fermi-GBM detected GRBs
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A Fermi-GBM highlights 3) correlation

Cnts/s/keV

VF, (ph/keV/cm?/s)

o

Non-thermal component gives an universal (e.g. short/long GRBs)

E, cak-Liso correlation (Guiriec+ 15)
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* The FIRST Fermi-LAT Gamma-ray Burst CATALOG: (Ackermann+13)
» 35 LAT-detected GRBs are listed and systematically studied.

GRB Namsz Date GBM Trigger Time R.A. Decl. & Loc. Err®  Like. LLE Redshift LAT GCN Number
MET®) Dag., J2000 Deg. J2000 Deg
080825C 2008 Aug 25 14:13:48.1 241366425. 106 2339 —45 60.3 TS 1 0 o 8183
0802 16C 2008 Sep 16 00:12:45.6 243216766.614 119.85 —56.64 488 o036t 1 1 435 8246
081006 2008 Oct 6 14:28:34.1 244506175.173 136.32 —62.05 110 0es2r 1 0
081024B 2008 Oct 2421:22:40.8 246576161.864 322.95 212 187 (Vvig 1 1 8407
w0217 2000 Feb 17 04:56:42.5 256535404.560 204.83 —842 345 oe3sY 1 1 8903
0B0227B 2009 Feb 27 18:31:01.4 257452263.410 10.48 2924 710 12002 1 1 .
020323 2000 Mar 23 00:02:42.6 259459364.630 190.71 17.053 572 0'36* 1 1 357 o021
020328 2000 Mar 28 09:36:46.5 259525808510 90.67 41715 64.6 72> 1 1 074 8044, 9077
0e05 10 2000 May 1000:22:59.9 263607781.971 333.55 —26583 13.6 144 * 1 1 050 9334, 9350
0905318 2000 May 31 18:35:56.4 265487758.450 252.07 —36015 219 2!10* 0 1
0626 2009 un 26 04:32:08.8 267683530.880 170.03 —3349 183 22y 1 0 9584
0B0720B 2000 Jul 20 17:02:56.9 269802178.906 202.99 —5421 56.1 0233 1 0 o
0S0802E 2000 Sep 2 11:05:08.3 273582310.313 264.54 27.324 508 HG0* 1 1 1.82 D867, 9872
0B0P26A 2009 Sep 26 04:20:26.9 275631628.990 353.4 —66.32 48.1 0/60* 1 1 2.11 9934, 9072
021003 2000 Oct 304:35:455 276237347585 25152 36.625 12.3 MRO* 1 0 050 9985
021031 2000 Oct 31 12:00:28.8 278683230.850 71.49 —57.65 239 023y 1 1 10163
021208B 2000 Dec 8 00:49:57.9 281958590.956 25.392 16.89 556 R0 1 0 1.06
1001164 2010 Jan 16 21:31:002 285370262.240 306.01 1443 26.6 e 1 1 10333
1002254 2010 Feb 25 02:45:31.1 288T58733.147 310.3 -394 355 13t 0 1 10450
1003254 2010 Mar 25 06:36:08.0 251191770.020 330.24 —2645 7.1 6o 1 0 10548
1004144 2010 Apr 14 02:20:219 292004423.920 192.11 8.693 65.0 Me0* 1 0 1.37 10594
1006204 2010 an2002:51:29.1 258625091, 100 86.9 —50851 243 s 1 0
1007248 2010 Jul 24 00:42:05.9 301624927.920 115.89 7655 439 (34318 1 1 10678
1007284 2010 Jul 28 02:17:30.6 301976252.610 28.758 —-15255 599 o036t 1 0
1008264 2010 Aug 26 22:58:22.8 30455 6304. 898 279.593 —22.128 733 12204 0 1 11155
1010144 2010 Oct 1404:11:52.6 308722314.620 27.206 —503819 540 10t 0 1 11345
1011234 2010 Nov 2322:51:349 312245496.973 135.16 191 782 16t 0 1
1101204 2011 Jan 20 15:59:392 317231981.230 61.5 —-120 13.6 036" 1 0 11597
1103288 2011 Mar 28 12:29:19.1 323008161.1%4 121.06 45.84 317 w23t 0 1 11835
1104284 2011 Apr 28 09:18:30.4 325675112.410 5.59 64.849 34.6 0'o4* 1 0 11982
1105294 2011 May 2900:42:42.3 328322924872 118.33 6791 300 a5t 0 1 12044
1106254 2011 un2521:08:18.2 330728900236 286.73 6755 879 0'36* 1 0 12067, 12100
1107004 2011 Jul & 15:24:27 4 331917865.400 238,885 40918 534 1"og* 1 0
1107214 2011 Jul 21 04:47:437 332016465.760 3332 —385 407 02204 1 1 12188
1107314 2011 Jul 31 11:08:29.9 333803371.954 280.504 —28537 34 H36* 1 1 2.83 12218

2015.08.31 GRB Workshop 2015 15



s, e Fermi-LAT highlights 1) energetics

* The FIRST Fermi-LAT Gamma-ray Burst CATALOG: (Ackermann+13)
» 35 LAT-detected GRBs are listed and systematically studied

Number Of Events

IIIIII T IIIIIIII T IIIIIIII ;IIIIII T rrrrrg [T I I |||I+ T T I T I — T I — T I T
GBM Catalog - 10_E Q_
—— LAT Catalog - — 104 0909284, o ] — E g 028 o B3 g umiec 3
i £ F ] o L o el N
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] ﬁ B +ogcsm ﬁ;o 3 o 1004144 PSS 3
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J & S 10T eetke . Lo =
E E 820510 3
- 'o-. § E '. 0912008 E
] B 10°C E o ..,
] = o s 1 LN E|
- 8 C ] 1 ] % E 3
- L i X C ]
- 5 B > 7 = 10'35_ § ¢
1118 | .
J = ) C
0 A »
] L oo 3 w E
L dol Lol IH | L ; | | | ; B
- . [INNEETI L1 1A L1o1ai L1y 10.5_| [N IR BN AR B A B AN A R T N BN B i A
107 10" 10°  10* 107 10° 10° 10° 10° 0 1 2 3 4 5
Fluence g, (10 keV-1 MeV) [erg eni?] Fluence ., (10 keV-1 MeV) [erg cm’] Redshift

LAT-detected GRBs are typically brightest GBM bursts

2015.08.31 GRB Workshop 2015 16



7/~ Fermi-LAT highlights 2) delayed onset and

Toam extended emission

Space Telescope

GRB 080916C (long) GRB 090510 (short)
Abdo et al. 2009, Science 323, 1688
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1500 Gravaeon of o Siooo] [ o0 De Pasquale et aI ApJL 709, 146 (2010)
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Fermi-LAT highlights 2) delayed onset and

Toami extended emission

L _eaeaen o 4
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More than half of LAT GRBs show delayed-onset
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(,q_;s,)cm,g Origin of high-energy emission of LAT

aaaaaa

/Sn TI ope

Delayed and extended high-energy emission disfavors IC and SSC orlgl |
But external shock origin is more likely (Kumar & Barniol Duran 2009)

GRB 110731A | GRB 110731A

Swift-XRT and many optical observations
(Swift-UVOT, GROND, and MOA) are available

Flux density [mJy]

Broadband spectrum is well fit by a single
power-law spanning 10 orders of magnitude
in energy

10% 10* 10° 0.01 0.1 1 10 100

anasnnd o nnnd il il il iinnd i

i .m; " AIA_I1JD " .1u(1]0. Al;uolm Al {B- ..{:]E " il }.110

GRB 130427A Sttt
. . o Ackermann +13 II: =100+ 1

Broadband spectrum is well fit by a broken o V- 1274

r
r
]

'r
]

r
4

r

power-law , still consistent with o
FS synchrotron emission (Granot & Sari 02,
Perley +13)

Flux density [mJy]

. | . sl | | .

95 GeV photon at T0+244s is problematic
for modeling TR NPT

107 0(]1 OI 1 10 100 lOOO ]0 lO ]0 107
Energy [keV]
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Space Tele»’.mpfa

Delayed and extended high-energy emission disfavors IC and SSC orgl |
But external shock origin is more likely (Kumar & Barniol Duran 2009)

Origin of high-energy emission of LAT

3
T T Ackermann +14 - | GRB 130427A
95 GeV photon\: Y
at T0+244s 102} P :
% [
g
11}
10‘E
00 b 1.‘..?:.\.&2. Koh ; .Ef..'.m4. ..Rms 10" _0 ool NN W SRR SRR
10° 10" 10 10" 10° 107 10" 10 o o Time since trigger (s) ‘° »
GRB 130427A Time Since Trigger [sec] 10°F
Broadband spectrum is well fit by a broken e
power-law , still consistent with T 107k - ]
FS synchrotron emission (Granot & Sari 02, E S ™ b
Perley +13) 8 10} ik s =
95 GeV photon at T0+244s is problematic 102 Kouveliotou +13 ,
for modeling 1072 1 10° 10  10°  10°
Energy (keV)
20
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/ Fermi-LAT highlights 3) additional spectral

‘@SS ermi
y G component
Space Telescope
GRB 090510 (short
(short) GRB 090902B (long)
Abdo, A. A. et al., ApJ submitted
. i : , : , . Abdo, A. A. et al., ApJL 706, 138 (2009)
':,;-.\-- & > _ AR T T T T T rorrTTT
10°H W, GBM/BGO - 5
- ; " 107 [ -
5 = & — .
2 10—2‘H |
T: | GBM/Nal LAT i
107 2 B
§10 w ﬁLﬁ“ - ‘“g
2100} £ ] 4 2
10_8' 5 "ﬂg £ /":N’A Time-in legmedpbo( spectrum (ns 10) ''''''' e, -! g
. 104 ETT Y T I :
o g:_ 1 . + 1 1 I:_l
: :g%fﬁ%wﬁ b #+=~=—*th¢+
T e 108 e e e
Energy (keV) Energy (keV)

Some bright LAT GRBs show deviations from typical Band function
In high energy band

2015.08.31 GRB Workshop 2015 21



/
A Fermi-LAT catalog —the Band crisis?

Gamma-ray
/ Soace Telescope

GRB Name Fluence Best Model a
10 keV-10 GeV (deg)
(lo_7e‘gcm_-} _] 1T LI | 1T T | T 1T | T T [ T
1007248 4665 7 Band with exponential cutoff 439 - - .
0909028 4058 2 Comptonized + power law 50.8 o 151 i
090926A 2225 j.j‘ Band + power law with exponential cutoff 48.1 % C ]
030916C 17957 Band + power law 438 € S _+oal:eisc ]
090323 1528 % Band 512 o) L i@m ivx. l.w i
100728A 12033 Comgptonized 599 8 i : ’
1004 14A 1098 % Comptonized + power law 69.0 T ,sl I v b
090626 927, 1% Logarithmic parabola 183 GC) 3 F .
110721A 8762 Logarithmic parabola 403 TE [ rrerereeereere ]
090328 817,23 Band 646 o ST E ]
100116A 638, Band 266 O 181 ] .
110709A 5182 Band 534 o L af !wugoze g ]
080825C 517-223" Band 603 ) i i
= 21 T  3.5kz2f J —
090217 51278 Band 345 £ - -
091003 61)¢ Band 213 S [#4E E ]
110120A a0z Band 136 5 AP _
1103288 a1y Comptonized 317 c o6 95 5 45 435 3
‘-‘271 e o -1.|.||.||||.|1.|||..I.Ban.d.b.eai
11G731A 3.2 Bund + powes kaw 34 36 34 32 3 -28 -26 -24 22 -2
090510 360,18 Band + power law 136 | B
091031 28800 Band 239
110428A 255, Band H HP
—— e o +Some bright LAT GRBs show deviations from
- +13
1002254 1017 sd  typical Band function in high energy band
0912088 93, Band
100620A 84,7 Band
-9 L] ] L]
. poc- = <LAT high-energy photon is dominated by
- +6 - - -
100325A 164 ma  SiNgle PL component of extended emission
0905318 38, Comgptonized
0810248 30;; Band phase
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Rest Frame Photon Energy (GeV)

amma-ray

Fermi-LAT highlights
4) highest ener hoton

#

10

L

090510
4

I I T T TTT I I bgobOéBlll|

+ 080916C
090926A +

Several-tens-of-GeV photons
In GRB frame

llIlIIl

+°9°323 Possible correlation between
E.., and highest photon energy

|

iso

PR Short GRB is outlier ?

+090328 +1oo414A Need more Sample !

091003

Highest photon energy is useful

for

-Limit on bulk Lorentz factor
-Constraint on synchrotron model

10" 1 10

1 Lo 1 Lol _EBLmodeI

54 -Lorentz invariance violation (LIV)
Eico.cam (1 keV-10 GeV) [10* erg]
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2 Fermi-LAT highlights
@5 ermi 4) highest ener hoton

Gamma-ay

I/v Space Telescope v
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

I'min can be derived using observed Gehrels et al. arXiv1301.0840
highest energy photon .,
1200 090510:|t ]
g ! i PL only 080916C T
3 1000 - 090902B I PL only -
= ]
S0 ]
£ 800 -
ot [ 090926A % ]
Q - ]
j 600 - 0903231 |
= i 110731A E ]
m - B
B 400 -
i Yy opacity constraint in a single-zone model |
200 _0903128I l l | l I l l | N

0 0.5 1 1.5 2 25 3 35 4 4.5 5

GRB Redshift (2)
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e Fermi-LAT highlights
":em& 4) highest ener hoton

* In the context of the early afterglow model, the delayed LAT
onset is due to the transition between the coasting fireball and
the self similar phase (Blandford & McKee 1976, Rees &
Meszaros 1994)

« Peak-flux time of the LAT is of the order of the fireball

deceleration time
ISM [Blandford & McKee 1976; Sari et al. 1998; Ghisellini et al. 2010)] Wind environment [10-° Mo yr-! mass-loss rate, 10° km s™' [Chevalier
& Li 2000; Panaitescu & Kumar 2000]

o 1/8 " Y : . 1/4
r 3Exieol(l + 2)3 " a Y% a=4 (adiabatic) Lo l Fso(l +2) |
0= > ~%T = /4 s - : VT / g
$2mnm,c>ts . a9, a =7 (radiative), 167 Ampc*taoe
! ! | | | | | |
1200 - a--a  ISM (Adiabatic) 5
! ;‘ 0-© ISM (Radiative) 1
oy o—o Wind A
[ o v {
§ 800 Y % A
Similar result to « OF g ie : A
. __ ‘E—; I : ! Ay ¥ é
Y-y opacity limit g eonf s 4o y
- - ~ : ¢ v
=S L 2 8 -9
=2 400 Al 8 -+ g
- é v v A' -
s - 2 @ é 1
00 f- i b 1 .
i 1 $ ]
ol : — 1 ] 25
2015.08.31 _‘_‘_GN & \__BIWU’, \’“I’KS\ hOE}QO ‘5’\;. & \\'.\\, o
& F & FHFFS



/”

A photospheric emission ?
Gar“ma'a‘,'
‘/' Sna(eTele;mpe -
GRB110721A Axelsson et al. (2012) GRB120323A
Tmas.140017003 i o |
10000 7 T I' E NALDS +
: ks ] | —
~ i ‘% Y 8‘150 4 = 8C0..00
;,,, TT NAIO7 | e
'e NAI_09 A % 1000
5 A NAI_11 > ]
2 1000:— 1 /71 “_ = ©
I A 1 1
g ,",/, \\\ \ III}’» ‘_O
=4 P \ 1 W2
2 s 7 \ =
Y 100F AdN \ d K
= C A \\ 000 - -
’ \
4 \
B — b+ ' ——
& O ++ SRE o ns S N ++H+4++— R T e S TR e S L S —
:g’_..l s 3 2 2934l NS | NS T | P ......|" *‘E:' ‘ »
5 2 s " . -6l P bbbl bbbt
" " Energ;o(kev) " " s = Enesgy :.;:’;00 i

» Several GRBs also show the evidence of an extra component at
low energy (>30 for GRB120323A, >50 for GRB110721A)

 Signature of photospheric emission ?

- Artifact due to spectral evolution of single spectrum ? (Burgess &

Ryde 2015)

* Further emission mechanism in addition to the BB is required ?

(Burgess, Ryde & Yu 2015)
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The future of Fermi GRB observations

Towards to the Fermi-GBM 34 Catalog

FERMI GBM GRBS IN FIRST FOUR YEARS OF OPERATION

+90

: : : o T o
~180 ot T et "g:' ...=“!‘,.§'::* * +; +180 RA

053 GBM GRBs .. @t o B -. "
+ 789 Long ol BN el TOOE L aE g
* 159 Short e R :

’ IR SEh A PP
% 5 No measured duration 90 Dec

Will be completed within a few months.
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Fermi GBM GRBs in first six years of operation
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Will be completed within a few months.

- 229 Short
164 also triggered Swift-BAT
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e
A The future of Fermi GRB observations

Gamma-ay

/' Space Tele:.mpe

Towards to the Fermi-LAT 2"d Catalog

Pass8 : A new low-level analysis and event reconstruction was developed
during the past years. Data are available since June 24th

« improved effective area (100 % improvement below 100 MeV, 25% above 1GeV)

« better PSF and localization accuracy

» better background rejection

« reduction in systematic effect

Fermi-LAT 2nd Catalog will contain more than 100 LAT-detected GRBs
(We have already >100 LAT bursts ! : Vianello & Omodei arXiv:1502.03122)

Fermi

Science Support Center

et VAT 7

http://fermi.gsfc.nasa.gov/ssc/observations/types/grbs/lat_grbs/table.php

Fermi LAT GRBs

Important Table Information:

All analysis results presented here are preliminary and are not intended as an official catalog of Fermi-LAT detected GRBs. Please consult the table's caveat page for analysis details and other important informati

Fermi SSC Home » LAT GRBs

GRB GCN Name MET Date Time RA Dec Error Source Theta Zenith LLE Likelihood LLE Likelihood

(UTC) (UT) (Degrees) | (Degrees) | (Degrees) (Degrees) | (Degrees) | Detection | Detection | Significance TS
150724782 | 150724B 459456340.71 | 2015-07-24 | 18:45:36.71 | 351.92 3.67 0.3 Fermi-GBM | 58.462 68.550 NO YES 227 25.44
150702998 | 150702A 457574201.55 | 2015-07-02 | 23:56:37.55 | 52.78 -57.0 0.36 Fermi-LAT | 117.60 88.222 NO YES - 31
150627183 | 150627A 457071806.0 | 2015-06-27 | 04:23:23 117.4706 | -51.4900 9.72e4 Fermi-GBM | 74.373 97.351 YES YES 8.48 174.67
150523396 | 150523A 454066191.08 | 2015-05-23 | 09:29:48.08 | 115.2859 | -45.4209 0.001 Swift-XRT | 25.741 55.489 YES YES 6.78 207.83
150514774 | 150514A 453321308.35 | 2015-05-14 | 18:35:05.35 | 74.8750 -60.9691 1.1E-3 Swift-XRT 38.488 58.304 NO YES 3.31 33.93
150513855 | 150513A 453241882.73 | 2015-05-13 | 20:31:19.73 | 49.044 -22.868 0.0167 Swift-BAT 50.679 11.149 YES YES 472 29.83

2015.08.31 GRB Workshop 2015 29



s ermi Conclusion

Fermi satellite is now observing GRBs normally
Fermi-GBM detects more than 1000 GRBs
- many statistical properties of GRBs have been studied
Fermi-LAT detects more than 100 GRBs
Discussed statistical properties of LAT GRBs in catalog paper
- delayed onset/extended high-energy emission
- additional spectral component
- highest energy photons..etc
Next catalog papers (GBM:3rd/LAT:2nd) is under production
- large sample number of GBM-detected GRBs
- >100 LAT-detected GRBs will be contained
- new analysis result with PASS8 will be summarized
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