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< ormi LONg-awaited “Monster” event : GRB 130427A (8 ss‘

\ “4*;.«4

Gamma-r a, X\ i S

Sm Telesc ope

— Highest gamma-ray fluence (>10-3 erg cm)

— Highest observed gamma-ray energy (95 GeV)
— Longest lived gamma-ray emission (19 hours)
— Within the closest 5% of GRBs (z = 0.34)

PRELIMINARY

30-50keV

3e4 [Nal (1d keV - 50 keV)

2e4
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z: :1360 (500 keV - 5 MeV) “ ' 300_5 M eV
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s, erml Contents

Clar"ma ray

/‘ Space Telescope

* Introduction —GRBs and high energy gamma-rays

GRB observations by Fermi

- Fermi Gamma-ray Space Telescope

- onboard trigger and autonomous repoint observation
- Fermi GRB detection statistics

* Fermi recent results
- temporally extended emission
- delayed onset of high energy emission
- bulk Lorentz factor of GRB jet
- Limit on EBL model & Lorentz invariance violation (LIV)

 Prospect for CTA
« Summary
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A Gamma-ray Bursts: prompt emission

/ Gamma-ray
p eTele;cope

“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 10° g

o GRB 990123

Briggs et al. 1999

>
QO 102k TEwe
(short/long GRB) s | e :
S 10 e, E
* Non-thermal spectrum E o} i
400 Trgger 143 20 JT:I}QBOQ&el (NASA) B 10 z_ 0&% —
- i E , N BATSE SDO \
> I il L S 0tE |t Y
g : "5 af o ggTS%E SD4 S ]
€ 00 3 £ | = 3 5 COMPTEL Telescope _-Tﬁ:
3 1o} i O 4L + COMPTEL Burst Mode ]
5 100 ‘ \ 5 . 10 : - EGRET TASC _T——T—_
ob= i______)\'\. . ; " | | | N
(D ]
- Set B - Seconds “ ~ :
Trigger 1606 Trigger 1574 E 10° L s By .,}. __
a 40 KS) : Ve Tty ¥ ]
© 30 j 50 l‘ /vO\ 9 T:-.a-’?ﬁ e ‘Tib— I

[ 3 ', \Jf \ ) 2L - il 3 )
E 20} 5 20} | \ Ll L F _‘— vy E
g _’j a { | Z R ]
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C 10 a 10— (EJ 08',’ | , | | Mev-

oL SRO0TOA T 00

Seconcn Seconde Photon Energy (MeV)
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/~
A 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

: FRR i 5 *Swift/BAT (gamma)
. e Swift/’XRT (X-ray)
3> " | T SwiftUVOT, GROND, ROTSE
£ T el \ O ; (optical/UV) -
Bz Yy e -

g Z E MMW‘%”;*'P t
°: | LT
a -4 ' i; < GRONDg ¥ {
E 10 " . RoTsEdIl->F * GROND ¢ ~1 day . E
- e =35
: . =
=
108 [ ——
23 T bttt
T o x BATX25 yh E
g "E - XAT, X, i
3 'E .Ll"l Aot ||, Lo *Jﬁ+_’_ E
T obu gy st A — : L gl e eyt
10 102 19° _ 10° (04 10%°
Time Sic&Blrst (s)

2013.09.04 BEIRLE—H OB TRAEEFTHQFEHEMEN S



73 TN
‘ % ; ¢\
;
=y
SN\ .

@S5 ermi Standard model (= >

/' Gamma-ray / S
Space Telestope T N : ?e‘

Prompt emission afterglow

>

Ultra-
Inner relativistic
engine jet

#o0ys asioned
Blew Jof peyoous or
ONew feuseyxe pesoous X
3o0ys pisemio4

[ —— ) L Ty |

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
2013.09.04 BIALF—H YR TRIBRTE QT HRBIRAN



/ High energy emission from GRB

Toermd : Pre Fermi Era
/ Space Te . | . | FEBH:;JAHY 1I7. 1994 .BUHSTI ] : ]
GRB940217(Hurley et al. 94) ¥ W— -
o GeV photons 3
% up to 90min after the trigger 1= %
Booofgle FF o _______ EARTH OCCULTATION _ _ _ _ _ _ _ _ e
8 £
GRBO410VT 145! EGRET detected > 100 MeV photons
(Gonzaletz etal. 03) " from afew GRBs
Temporaryj — | Different behavior from <100 MeV photons
HE speétra v'Long-lived emission
% o | v'Extra spectral component
N =>» constrain on emission mechanism
T v'Highest energy photon
E 1 = bulk Lorentz factor of jet

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

10k

1 ;—:’..‘ i

10° E
10% &

10 =

Need large FoV, high sen3|t|V|ty
2013.09.04 E”e'gyé‘f‘t"%)w jJ/?‘f?’CEé#TBEEF—E@—T—EEﬁEﬂnFE
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A Fermi Gamma-ray Space Telescope
/ Gamma»ray Ny
SpafeTelesto T \ Y
’ lAT Gamma-ray Burst Monitor (

12 Nal detectors (8keV-1MeV)

- onboard trigger , localization

- spectroscopy

2 BGO detectors (150keV-40MeV)

- spectroscopy (overlapping LAT
band)

Silicon-Strip detectors
- Identification &direction

ACD (plastic scin
- background rejection

"Typical" Prompt GRB Spectrum
!

10° E T T T | | T 3

— 101 ;' &a ';

"_m é . IIII‘=

& 100k LAT ] .. .

£ 1 -Efficient observing mode

2 10'F .. 1 -Wide FoV

T " o 4 -Low deadtime

Wb "] -Large effective area

. . 1 -Goodangular resolution

10

10° 102 10" 10° 10' 10 10° 10* 10° -Energy coverage
Photon Energy (MeV)
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/~
A GRB observation by Fermi

Gamma ray

/ Spate Teleicope

e GBM/Nal: 8keV — 1 MeV
N 1.8 > 7 decades of energy range
g — So— I Large FoV(GBM:~4Tr,
iy GBM/BGO: 200 keV — 40 MeV-wo _ LAT: ~65deg(90deg for LLE))
R Jom £ * > 10 times sensitivity of EGRET
s b LAT LLE: 10 MeV — 100 MeV % . | !
Pl (preliminary) dw £ _10° -
° b oo > |
wE i 2.0 + LAT LLE i
g "™ " < LAT Transient: > 100 Me ; 5| .
B Eregiet Bee Moo seme e e St 5107 o .
E 102 -— ‘..,..)’o .;“'.. % .". % Py o.°.' Ui ¢ - _ §. ) —lﬁlx i
0 50 Time 1{50 150 200 w10 — -
'm;mce : ‘ a - LAT transient jﬂ‘ .
::2_ 5_ ’ -.- - ; l e 109_ "frant" / "back" | 4
___________ 50. g LD s 101t_ ]
H_ . — i ' i - :
—3 g 5 —+ ; +'H| |+ I _
,,,,,,,,,, csohﬁ&ﬁ&ﬁuﬁﬁg#ugtkkrf“ﬁap:—r7h~nwh;___=
________________ 2 oF T -

2
N " -5 . 1 . ! X 1 : 1
o 1 10° 10’ 10° 10°
LAT(>100MeV) preliminary, I Energy (keV)
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A Onboard alert and ground analysis
HE
Gamma ay
/ Spate Tele:.mpe- - " "
' Typical GLAST GRB Timeline
sl is 10s 100s 1000 s
Instrument(s) Fast signal Alerts and updates
Trigger(s)  GBM->LAT to GCN with localization 10°s 10¢s 10°s
SR GBM: <15 deg initially, with
| "
parameters reviewed refinements to <5 deg —_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 Repoint Reboint t ground analyses
properties epoint Repoint reques

request LAT->Spacecraft

GBM->LAT Regularly-scheduled

data downlinks (5-8/day)

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

» GBM/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 only one trigger for GRB 090510

» 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 s triggered

2013.09.04 EIRILE—HUTHETRABETFHATHEMER 10



/0
s e Autonomous Repoint Request (ARR)

Gamma-ray
/ Space Telescope

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

2013.09.04 EIRILE—HUTHETRABETFHATHEMER "
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CA— Fermi GRB statistics

GBM 2-year catalog
LAT 3-year catalog

*D—fﬁg-/&'e}rm LA RB catalog

= b0 oo 2 2 *x(lr@prep o
GBM LGRB: green circles & o Up to GRB110731
GBM SGRB: orange squares “'

LAT detections (35): blue squares el PRELIMINARY

*The GBM detects ~250 GRBs / year, ~half in the LAT FoV

*The LAT detected 62 GRBs up to 2013/09
—~Half with more accurate follow-up localisations by Swift and ground-based observatories
(GROND, Gemini-S, Gemini-N, VLT)
—13 redshift measurements, from z=0.34 (GRB 130427A) to z=4.35 (GRB 080916C)
2013.09.04 BIRLF—HUVRTRIBRTEHQFTHEMEHR 12



s, YL Highlight of Fermi result

1. Temporally extended high energy emission
-- emission mechanism GRB (mainly in afterglow phase)

2. Delayed onset of high energy photons
-- onset time of afterglow ?
-- prompt emission origin? leptonic/hadronic ?

3. Extra component in the prompt emission spectrum
-- Band model crisis

4. Highest energy photon

-- constraint on bulk Lorentz factor, EBL, and LIV
-- new high energy photons from new analysis method

2013.09.04 EIRILE—HUTHETRABETFHATHEMER 13



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

Energy [MeV]
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LAT (>100 MeV) emission lasts systematically longer than GBM emission

[ GRB090926181
[ Nal (8 keV -- 20 ke
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1
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Fermi LAT 1st GRB catalog
(Fermi LAT Collab. 2013 in press arXiv1303.2908)
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o SreToin
Luminosity of extended emission
Smoothly decreases with temporal (090510, 090902B, 090926)
Index of about 1 Transition from prompt-dominate
Phase (?

4l T D R ?
- e - S B SN 099510
10%3 -+ * . < N 090902B N

—10°%¢ - Al o —qo2L §¥+ _
(%) - ++l 'ﬁ* 1 "o -+ xt# E
> 105" | Wﬁ S P \ﬁﬁkﬁ E
2 g 4 '—f-_d l 12 : *\#_ q\:l\ E
- 10 = = Tr . 4 =10k T <+ LS .
g e w S - | E

1049;_ Jfﬁ___x_i_‘ ]T Il N 10%°L o | ﬂ 4

a8 N as o .
107 ﬂj = 107 \T =

Time since trigger / (1+z) [s]

Fermi LAT 18t GRB catalog
(Fermi LAT Collab. 2013 in press arXiv1303.2908)
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@« mi 1. Temporally extended high energy emission

Gamma-ray

/' Space Telescope
GRB 080916C flux curve

a=1.78+ 0.33

0,=1.190.13
F .

—t

$ ,=1.76+0.29

g

Flux [ph cm? s]

102 10" 1 10 102 10°

Time-Trigger [s]

Photon Index

-2.5

GRB 080916C photon index

IIIIII 1 Illllm 1 IIIIIIII 1 |||||'|'||

llllll Ll llllul Ll lllllll L1 lllml
10" 1 10 10? 10°
Time-Trigger [s]

—
(@]
o

Stable spectrum of extended emission with photon index of around -2.0

Fermi LAT 18t GRB catalog
(Fermi LAT Collab. 2013 in press arXiv1303.2908)
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Counts/Bin Counts/Bin Counts/Bin Counts/Bin

Energy [MeV]

1500

1000

o

2. Delayed onset of high energy photons

LAT(>100MeV) emission is systematically “delayed” from GBM emission

[ GRB0S0926181 ' ' '
[ Nal (8 keV -- 20 ke' - 6000
_ | GR8090926A _54000 E 1021_| T |>|1 |O|S dle!a|y| T 1 T T T T T T T—]
2 ; 10 E_ D0S0B T _E
[N - ﬂ 090926A -- .
(O] B 080916C 7]
o - ) _
Y - i
= >
'n;: é’ 1 - . |
8 E ) +*"'09051o E
had - i
8 | " i
v i ]
10 .
- A48 1
= 1 i ] | | | | | | | | | | | | | | | | | | | | |1
0 2 4 6 8 10

2013.09.04

40 -
Time since T,

T, (50 keV-300 keV) [s]

Fermi LAT 18t GRB catalog
(Fermi LAT Collab. 2013 in press arXiv1303.2908)
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/7
A 3. Extra spectral component

Gamma-ray

/ Space Telescope

Extra power-law (or cut-off) —— —
component is required significantly High fluence!,~7 ...)..5

0—7 erg/cm

GRB100724B 4665 Band with exponential cutoff
for 6 LAT events with high S/N 78
GRB090902B 4058;%3 Comptonized + Power law
GRBO090926A 2225;;8 Band + Power law with exponential cutoff
GRB080916C 1795;2? Band + Power law
GRB090323 1528 34 Band
GRB090926A (Ackermann et al. 2011) St o
GRB100728A 12037 ¢ Comptonized
B Time-integrated photon spectrum (3.3s -21.6s) | GRB100414A 1098;%; Comptonized + Power law
= GRB090626 927;%? Logarithmic parabola
g 6 Lo -
§ WE 3 GRB110721A 876;%2 Logarithmic parabola
& - . GRB090328 817__*_32 Band
E R 1 GRB100116A 638;%2 Band
CEra s e 3 E GRB110709A 518;%; Band
s £ - . t - ' e GRB080825C 517;%2 Band
= - 27 Band
g 1 Normal fluence/ “+i
1+15 Band
5 1 . ~22
i | on-axis‘angle 2 Band
% = 3 GRB110328B “7,_?3 Comptonized
E ] 447
§, - E GRB110731A 379;%3 Band + Power law
f._ L i GRB090510 360 19 Band + Power law
> o —10
107 |- e SO GRB091031 288t]éo Band
; — ST ] GRB110428A 255 7, Band
- 197 5-1055 Band + CUTPL) ] GRB090720B 185;%; Band
- [d]): 1055 - 2165 (Band + PL) 7 GRB100225A 101;; Band
- 10 1<x>z 10° 13‘ 10° 10° GRB091208B 93_ié Band
Energy (keV) +— 9
GRB100620A 847 4 Band
-9
GRB081006 56+18 Band
GRB1105290A . 49 Band
st p
GRB1oos§§rml _LAT 1 4 meggt?aglo ) Band
creososfermi LAT Caliab. ress arXiv1303.:2908)
. —5
—— ~ - BERLO24B - A Band
2013.09.04 EIRLE—HUTRT FH fe 18 Ban




/ Space Telescope

/0
@SS, erml

Gamma-ray

3. Extra spectral component

v'Simple Band model does not

represent spectral features for
high S/N LAT event

v'Band model crisis. Further spectral

vF, (erg/cnt/s)

vF, (erg/cnt/s)

modeling are investigating

GRB090926A (Ackermann et al. 2011)

Fluence

- 10 GeV

ngh fluenCécl) keverg/cm 2

Best model

Time-integrated photon spectrum (3.3 s - 21.6 s)

1

11 lllllll

LR L LBLELRLRRLL B AL

o

w— [a]: 0.0 5 - 3.3 5 (Band)

s [B): 3.3 8 - 9.7 8 (Band)

— [c]): 9.7 5 - 10.5 5 (Band + CUTPL)
[d]): 10.55 - 21.6 5 (Band « PL)

11 lllllll llll[

Ll

Lol

10 107 10°

2013.09.04

10° 10°
Energy (keV)

EIRILF—HUTET

GRB100724B 4665_;;{3 Band with exponential cutoff
GRB090902B 4058;%; Comptonized + Power law
GRBO090926A 2225;;8 Band + Power law with exponential cutoff
GRB080916C 1795;291) Band + Power law
GRB090323 1528;22 Band
GRB100728A 1293;% Comptonized
GRB100414A 1098;3; Comptonized + Power law
GRB090626 927;%? Logarithmic parabola
GRB110721A 876 ;gg Logarithmic parabola
GRB090328 817 ;gi Band
GRB100116A 638 _T_gg Band
GRB110709A .)18;%; Band
GRB080825C 017__*_3(1’ Band
27 Band
Normal fluence/ *+i I
15
t22
on-axis.angle .z Band
uuuuuuuuuu 417, + ‘Z Comptonized
GRB110731A 379 ;gcl) Band 4+ Power law
GRB090510 3604—18 Band 4+ Power law
GRB091031 288 f}_ig Band
GRB110428A 25 +10 Band
GRB090720B 185;%; Band
GRB100225A 101+7 Band
GRB091208B 93 ;ié Band
GRB100620A 847 g Band
GRB081006 56+?0 Band
GRB1105290A Band
st ?EQB
GRBlOOSEagrmI LAT 1 atalo Band
GRBogoseﬁerm. LAT Cg&a ress arXiv1303.2908)
BER102 19 Band




/ Origin on the temporally extended,

\szbcr'ml,

 Gamraray delaxed -onset emission

Space Telescope

4 Is related to the prompt emission? Reprocessing by inverse-Compton or SSC

= Hard to produce a delayed onset time longer than spike widths
= Hard to produce a low-energy (<50 keV) power-law excess (as in GRBs 090510, 090902B)
= Photospheric emission models could help to solve the last two issues
= Difficult to explain the long lasting emission with only internal shocks
4 Hadronic models (pair cascades, proton synchrotron)
=>HE onset time = time to accelerate protons & develop cascades?

= Synchrotron emission from secondary ex pairs produced via photo-hadron interactions can naturally
explain the power-law at low energies but Proton synchrotron radiation requires large B-fields

=»Both scenarios require substantially more energy (1-3 orders of magnitude) than observed (much less
stringent

4 Early afterglow: e*e-synchrotron from the forward shock (FS) / decelerating blast wave
= HE onset time = time required for FS to sweep up enough material and brighten
= Temporally extended emission explained by the radiating phase of the fireball

= Synchrotron can not explain correlated light curves (e.g., spike of GRB 090926A) but IC of Band
photons by HE electrons at the FS? — possible & can explain correlated light curves

2013.09.04 EIRILE—HUTHETRABETFHATHEMER 20
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/

S ermi 4. Highest energy photon
Gamma-ray
w0 - ™= | 1 Several-tens-of-GeV photons
; +09051o +090926A +08091sc ; In GRB frame
- 4.0 1 Possible correlation between
E.sc and highest photon energy
PR Short GRB is outlier ?
10 +090328 100414A Need more Sample '

091003

Rest Frame Photon Energy (GeV)

Fermi LAT 18t GRB catalog
| (Fermi LAT Collab. 2013 in press arXiv1303.2908) |

1IIIII| 1 1 IIIIII| 1 IIIIIII|

107 1 10
Eico.cam (1 keV-10 GeV) [10°* erg]

Highest photon energy is useful
for

-Limit on bulk Lorentz factor
-Constraint on synchrotron model
-EBL model

-Lorentz invariance violation (LIV)

2013.09.04 EIRILE—HUTHETRABETFHATHEMER 21



P

Toami -- Limit on bulk Lorentz factor

/' Space Telescope '
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.

4. Highest energy photon

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

I'min €an be derived using observed Gehrels et al. arXiv1301.0841
highest energy photon TP et
1200 - 090510:|t 7
c ot L PLonly oso9t6C 1
3 1000 - 090902B I PL only -
S ]
S ]
£ 800} :
2 i 090926 A % ]
5 | 7 ]
600 090323 |
. i 110731A % i
m b -
B 400 -
i Yy opacity constraint in a single-zone model |
200 ;090328 T | 1 ! ! | | [

|
0 0.5 1 1.5 2 2.5 3 35 4 4.5 5

GRB Redshift (2)
2013.09.04 EIRILE—HUTHETRABETFHATHEMER 22



4 4. Highest energy photon
-- Limit on bulk Lorentz factor

* 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]

- 1/8 , _ y 1/4
3E)ieo(l + 2)3 . a V% a=4 (adiabatic) Ly [ Fk iso (1 + 2) J /
32mnm,cot) a~%%; a =7 (rediative), 16T Ampc taoe

I'o=

.

| | | | | | 1
1200 a--a ISM (Adiabatic) 5
- ;‘ 0-© ISM (Radiative) :
1000} ¢ o—o Wind ¥
5 | H .
- - v v :
. 2 B , @ -
Similar result to = W o e o v Mg
. . . .é E : AQ v o
Y-y opacity limit 2 600 i
= | 3
2 a0k Al
! &
20f
23

i}

2013.09.04




4. Highest energy photon

oot Constrain the Synchrotron Emission
/I Sna(eTéle;mpe -——S€<S<S<S<S”S”;”;”’ iki ik e ’ €”fdéedthtihrhhthterit'onnin i sie Ak A i ARG ki I A AU - A B,

* From the detection of high-energy photons:

-- maximum photon energy that an electron can produce by
synchrotron taking into account the acceleration/cooling time

-- computing maximum energy of an electron (to complete at
least 1 Lamor radius) = constraint on maximum photon
energy by synchrotron (Kumar et al. 2012, Sari & Nakar 2012)

E ~29.5(1+ 7)) (T'/1000)GeV

syn,max

Rest frame 10\_\% . 1 E
- T
Observed;\;\g ok
& 4 i
S = Y 4
FeE AT
- ! bt
i i ; i 44
I i 4 : 44
1H= ul |+|| | ||||+||| +. ! | | —

1 > 11 . -
2013.09.04 OarrivalTime [s] 10 10 24



New high energy photon from new Fermi
) o event reconstruction

 Pass-8 : new revision of event-level analysis data by Fermi
collaboration

 Improvement event reconstruction at each stage

-- TKR: (before) pattern recognition seeded by CAL
(Pass8) New pattern recognition decoupled from CAL

-- CAL: (before) All crystals hits grouped together

(Pass8) introduce new clustering algorithm to reduce miss-
reconstruction due to background ghost event

-- ACD: (before) use absolute distance between ACD and TKR
(Pass8) propagate covariance matrix and measure distance
*  Will be published by Fermi team
 Test analysis to show improvement the data analysis

Atwood et al. 2013 Apd, 774, 76

2013.09.04 EIRILE—HUTHETRABETFHATHEMER 25



/ New high energy photon from new Fermi

Toormi event reconstruction

« Example for CAL new reconstruction

Previous event reconstruction Pass8 reconstruction
RRELIMINARY PRELIMINARY
: ‘ TKR *
x ; Z x ‘ M }: z
= L. == L.
,." CAL angle to source 84° Ghost activity ,," CAL angle to source 1.86°
o wdo o o
—— g C A m— R
:;5_..:,,, : CAL TRTrT BBrinoono:

We will loss such miss-reconstructed
event

2013.09.04 EIRILE—HUTHETRABETFHATHEMER 26



4 ~ New high energy photon from new Fermi
Joame event reconstruction

Gar?‘ma'a','
‘/. Spa(eTele;mpe . ) ) _
* Find 4 new photons which were miss-reconstructed in
previous event class

« 27.4 GeV photon from GRB 080916C at T0+40.5s (z=4.35),
147 GeV in GRB frame !

« If synchrotron origin, '>5000 is required (unrealistic?)

* More useful to constrain EBL model

27.4 GeV photon

B Bllacs © GRBs (Pass6) Kivelon - bast fit

o FSRQs % new GRBs (Pass8) - EEEE:-;:”:UE::::Z:.-. (1 47 GeV in GRB frame)
=1 = S From GRB 080916C
3102-
& The most constraining gamma-ray
= So far from GRBs

(similar constrain from AGN)

5 30 35 40 45 5.0
Redshift
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4. Highest energy photon
Pk Lorentz Invariance Violation

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

2 T [ n
2.2 2 lam lam _ dEﬁaﬁy l+n lam
Mqg,i€ M€ 0P 2 | Mqg,c

* A high-energy photon E, would arrive after (or ioossibly before
in some models) a Iow-energy photon EI emitted together

| (1 +n) E 4 + 2')" ,
At = ‘ dz
-ZHO \-[(.,2(_ n \/Om 14+ 2 ‘”’ —|— O
Pulsar GRB AGN GRB AGN GRB080916C
(DTaret 99[EIIisI06) (Biller 98) (Boggs 04) iAIbert 08)
1.8x107°0.9x10"° 4x10'®  1.8x10'70.2x10"8 1.5x1018

High-z, large AE (not so high E for EBL) is preferable = GRB is a good target !
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Energy (MeV)

Counts/bin Counts/bin Counts/bin Counts/bin

Counts/bin

4. Highest energy photon
ki LIV for GRB 090510

whbooowe b |« Estimate lower limit of Mqg , for various
| At, AE

E  Highest energy photon from GRB 090510
a3 is 31 GeV at 0.83 s after trigger
Wramin ¢ Most conservative case: 31 GeV photon
e S starts from any <1MeV emission

H [=ts At<859 ms, Mag /My > 1.19

2@ gped

] B i g. This new limit MQG,1/Mplank > several
\ WA wht»%wm@:mg is much stronger than the previous result
. "l 3@ Greatly constrain the QG model (n=1)

i 1 | |I ¥ i(Abdo et al. 2010)

N 1 " ¥

I Y T WO

Time since GBM trigger (263607781.97) (sec)
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~ Summary for highlight of LAT GRB
iy observation

-common in LAT observed GRBs

- several models to explain such temporal feature (leptonic/
hadronic/early afterglow)

« Extra spectral component

- extra spectral component in prompt emission phase can be
seen for LAT GRBs with good S/N (so far, 6 GRBs)

- GRB090926A and GRB100728A shows high-E spectral cut-off
- need further spectral model

« Observation of highest energy photon

- minimum bulk Lorentz factor of jet could be '~1000

- maximum energy for synchrotron

- Fermi LAT new event reconstruction algorithm found new high
energy photons (147 GeV in GRB frame)

- Useful for EBL and LIV constraint
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<, ormi LONg-awaited “Monster” event : GRB 130427A (S
G 3 "/r. -

amma-ray

S
v &

Space Teleampf‘

“— Highest gamma-ray fluence (>10- erg cm)

— Highest observed gamma-ray energy (95 GeV)
— Longest lived gamma-ray emission (19 hours)
— Within the closest 5% of GRBs (z = 0.34)

PRELIMINARY
c 3e4[Nal (1d keV - 50 keV) ' ‘
g 30-50keV
§ ledf _

| | | |

T

[Nal (50 keV - 500 keV)

g 223 ?GO (5?00 keV - 5 MeV) ‘ ' 300-5 M eV

.."\ L L .
[LLE (>10 MeV)

g e \ LAT > 10 MeV
6 hours LAT all-sky map ”h LA| T>1mj'\"ev |
3 TR

GRB 130427A challenges the model that 10° A7 400 e
Temporally extended emission is nonthermal
Synchrotron emission
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/0
s e Compare with other bright LAT GRB

/' Gamma-ay
Space Telescope

Fermi LAT collab. Science submltte3d
GRB 080916C

5 6
GRB 130427A PRELIMINARY M

GnExe0nE0 c 3edNal (10 keV - 50 keV) i -
Poal (B kwl — 20 kaV) ] 43 z
5 e E 2ed4 5 =
3 § - %5 F
3 a0 |- “W‘Miﬂﬂlld‘ l”‘ “I ' s les &
25
o c Nal (50 keV - 500 keV) N
1500 F 2 s %6 =
.
3 § 185 6 E
§ 100 f S et &
e Bed4[BGO (500 keV - 5 MeV) 1265
500 = ~
2 et o5 =
1200 T des =
3 s <
£ oml S 24 3
—
§ 800 § 5 LLE (>10 MeV) 1200
? ™~
a0 £ B
3 = “ g
S 3
E IHLAT (>100 MeV)
e
] 2
£
3 1
o
s 2 10|LAT (>100 Mev)* .
2 ! ! o £ 1w .
; * . AP '... at " gl : ? . . ¢ W
gl i ‘I& Yol e o H 3 v L%, @ : .
i s, o o e,0 2 Qi ‘. : “ 3. E 10 . * . . F *ns ° . '] A t
“ w - Q’NN::;: oy et b - A %o ° i 4 E 10° : . ‘J’ ‘L‘"‘u’" ¥ s ; * .‘5. o '5 L .0.“ oo o w3 f-ﬁ -
(] b2 ] Tine sinco T, 29 ] 00 0 20 ] & 80

Time since GBM T, (5)

>

LAT emission still going

- -
-

LAT emission dying down

Very little LAT emission when GBM emission is bright
LAT and GBM are bright at the same time
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@ ermi 1emporally extended high-energy emission

f Gamma~ray
Space Telescope
Fermi LAT collab. Science submitted
[ PRELIMINARY 1 L - meme
10' - 8 phaoam s -
LAT photon flux : g lm

3 . I pr i
LAT energy flux 107 F—f— e T s I\ £
10 | /0 T, S W e i [
- hl m\ T 20 40 1
sT —‘l . ‘. F.' .. 1'!me since trigger (s) .
10° ' _ r
5. 6 - 'f:r&‘h. n :ﬂ’ —hb :
T 107 F -[*“""W I SRRLTE S— oy E
—— T ﬁﬁ.;} T ]
107 _l_ Tt P T

8 .~ - :

107 £ *~=1-+
10 | G8M(10keV- 10MeV, ergem ¥ s") Thell —
i XRT+BAT {0.3-10 keV, ergcm * s7') i '_\f'.‘? i
10'10 _—+ LAT energy flux (0.1-100 GeV, ergecm™ s7') T_\:
C + LAT phaton flux {0.1-100 GeV, ph. cm™* s71) : oz :
10-115— | | | ol | T 1 gl I L1l TE| L ol Aj_i'

010° 10’ 10° 10° 10* 10°

Time since trigger (s)

LAT light curves are ~smooth
Photon flux: broken power law (t,,., ~ 300 +/- 100 S)

Energy flux: single power law
Some common features between LAT and lower energy light curves
LAT emission is detected for ~20 hours total (previous record ~1.5 hr)
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s, YL Synchrotron emission model

[e—
<

Curves of maximum

L L L Ll

)
pe)
m
-
=
=
2
=<

P synchrotron photon energy
............................... - from external shocks

T
1

Black dot: LAT photons

Ll llllll

Red — constant density

Blue — density ~r2

(Dotted: “extreme”, unrealistic
cases)

L]
I. 1

Assume fast acceleration on a time
scale shorter than Lamor timescale

Wil

: 0 _I_LI.I.I.I.III LA llll‘ L1 llllll "

10 = ¥ 0 | 2 3

10 10 10 10 10 10 10 10
Time Since Trigger [sec]

95 GeV, and 32 GeV photons cannot originate from leptonic standard synchrotron

radiation.
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A Short comments on prospect for CTA

Mostly taken from Inoue et al. 2013 paper (arXiv 1301.3014)

« Origin of delayed, temporally extended emission
- Time variability of high energy photon is an important key
- A number of GeV photon is still poor for Fermi-LAT
- CTA light curve with good statistics can be compared to

prompt gamma-ray light curve

« Constraint on EBL
- high energy photon (>100GeV) could come >100s after trigger
- EBL cut-off can be observed by CTA

« Constraint on LIV

- to improve on LIV constraint for GRB 090510, need < 30s
observation for 1 TeV photon

- wide-field mode would be useful (? Event rate: 2-3 GRB/year)
- other statistical approach, use X-ray flare in afterglow..
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s, P Conclusion

* Fermi satellite is now observing GRBs normally
 Delayed-onset and temporally extended high energy emission
- common in LAT observed GRBs, but origin is still discussing

« Extra spectral component

- can be seen from some of high S/N events, need further
spectral model

« Observation of highest energy photon

- highest energy photon from GRBs is very useful for various
GRB science (i.e., constrain on bulk Lorentz factor,
synchrotron model, EBL, LIV.. etc)

 Monster GRB 130427A challenges synchrotron emission model
for high energy emission

 Need much more GeV photons for more study. = CTA!
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