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Gamma-Ray Bursts
E=mc? (Einstein)

wi A
+ ‘_A ‘\‘\.4“1 &5

; %\ &'5:-@ =
¥k f 3".\ ‘ B
: f ) )
3 £ \ N b ‘
N E NGNS 4
] o N S -._,_',‘, " ::
b 4 L
\ "";/ "

JR IR ~lkg ~10°2%erg ~1033g

In ~sec, GRB release energy Sun emit over lifetime

The most luminous EM object



2017/02/27 MeV GRBs by K. IOKA
D t1
100 F T T T T ]
C < BATSE _
i o Lo m SAX i
w
a - -
L=
9 10| 1
o - 3
= r N
) C ]
— ]
w - -
g 1 = E
§ = =
s | ]
0.1 | | | |
0.01 0.1 1 . 10 100 1000
90% Width
m R r T L . T L T T lll T T lllll LA Tllll T T T TTTsT T LA L
E 80 L All triggers a
o I A
D 60 '_‘ -_
o L | -
s 40F . | ! ]
e T Ak l 4—\ :
m 20F ll-_;J| -
= ° +..| Short Long 4 ;
- 0t } i
Z | TR YT o i T vl 1 sl ol L4 111181 e
.001 .01 N 1 10 100 1000

Tso {seconds)

Long-soft
Short-hard

Long burst
Short burst

Hotokezaka’s talk



vF, (KeV/sec/cm?)

1000

100

2017/02/27

Spectrum ...

MeV GRBs by K. IOKA

400

Band spectrum

N

1 T T I 1T T 1 I 1T T 7T I L I 1T T 7T

T

1

T

11

TTTTT T

~200

[EaN

T T TTTTT

lede l | 1|

| — L1 l 1 1 Il I 11 | 1 :I; l_1 I 1 11 1
)

1000

Energy (keV)

104

. D T
O. f n d
. 200
/:/
o O 74 o 100
. 0
b :GRB921123
‘ ol . .
10 100 1000

JEENRY(# BR)

Preece+(00)

Energy (KeV)

Low Energy Power Law Index

] 600

1 400

1 200

-3
High Energy Power Law Index

-2



BOEDFHH@1997

28 Feb 1997 3 Mar 1997

5h02m36s 5h02m09s 5h01ma2s S5hOimiSs ShO2m36s S5h02mO09s ShOIma2s ShO0ImiSs

+12°00'00"

GRB970228

- e —_
ol = :
O - 20 y%\p i
CSPC- 1P Py
T 10°F 7
_ CONCENTRATORS o
b2
PHOSWICH —, L WD IFLIELD o 10 I $ =1
b CAMERAS S __. WFC (0 - 100s)
/ S 10'f xWrC (35 -705s) i
~— VTTRRELOOK x . BeppoSAX TOO1 T
i 0
CHFAR PANEL L 1oYF A BeppoSAX TOO2 -
C'ONF, gASCA TOO
LowER 107 f‘u'pper Limit WFC (4528 — 5528 s ) g
/ 10_2 " PR NPT | el . -.....,Ir
10 102 10° 10% 10°

Time (s)



TR R D R @2003

I GRB030329/5N2003dh

F T LA VLI | T T rorrrrTg T

R magnitude

24 -

26 [

28 -

| Bloom+ 99 Wi

@ Keck (Direct)

o Keck (Spectrum)

¢ Groot et al.
A KPNO

GRB 980326 VA

1 L lllllll L 1 lllllll 1

L1l

0.1

1 10 100

Time (days since GRB 980326)

10.00

1.00

0.10

0.01

F, at 6,588 A (uJy)

log {f,) (erg s1 cnmr2 A1)

-156.5

-16.0

-16.5

-17.0

-17.5

|

| Hjorth+ 03

— April 10.04
— April 17.01
— April 22.00
— May 1.02

| SN1998bw after 33 days
I 1 1 1 l 1 1 L I 1
4,000 6,000 8,000
Observed wavelength (A)

10,000




2017/02/27 MeV GRBs by K. IOKA 7

Standard Model
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Unresolved Big Problems

® Jet composition
— p, €%,y plasma? Poynting?
® Emission mechanism
— Synchrotron? Photosphere! Componized!?

® Central engine
— Black hole? Neutron star?

® Jet acceleration mechanism
— v! B?

® Progenitors
— Single? Binary?! Metallicity?
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MeV Physics

® Prompt emission
— Nonthermal, Thermal, High-energy

— Polarization Better than BATSE
® Aftergiow Large FOV

— Synchrotron, Reverse, Steep decay, Flare, Plateau

® Supernova
— S6N]j
® Diverse populations
— lIGRB, ulGRB, Pop Il GRB, Shock breakout, TDE
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Spectrum
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Spectrum
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Fireball Model ..
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Shemi & Piran 90

Bar}70n L()ad Rees & Meszaros 94

I" or r/ry I > Compactness
1 < | Non-thermal
Popular . Qriginal
Models Fireball
(Internal shock, (Paczynski,
Photosphere, .-+~ Goodman)
| FPoynting, ...).-""
|03
i (3 Poynting, Baryon
. entrainment,...)  Photon-to-Baryon
1 l )
~102 m.~10° 77=L/M02

Baryon-rich Baryon-poor



Internal Shock
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Radiative Efficiency
E
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Synchrotron Shock Model
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Death Line
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Beyond Standard Model

Relativistic Je
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Tanaka’s talk

National Aeronautics and Space Administration
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High Lorentz Factor?

® yy—ee” (g,~MeV)
— R~cAt = 1~07N,/4nR?> | (y-ray cannot escape)
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5 Prompt Components?
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Photospheric Emission?

Times: 11.008 - 11.392 s

10000

1000 |

Nal-0

LAT Back
LAT Front X

4—

2_

SRR oot
0 EFHH ety
4

Ryde+ 10,1 |

10?

Energy [keV]

.1 GRB090902B

Nal-1 C 7
BGO-0 O
BGO-1 ¢

| Ryp~1012Y1em

[~750Y 4
Y=E,/E,

tot

MeV y =
Thermal
or not?



2017/02/27

MeV GRBs by K. IOKA

Different Component?
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Hadronic Origin?
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GeV Onset Delay

[ GBMNal, +Nal, 1500 | : ]
1500 [ BkeV-260keV) o o $1000 i i J3000
1000 : i 3 § - I I E 2000 %
F + - o 1 i = 0 ’
! 5 10 B ] g de ay
500 : Time since trigger (s) R " 31000 8
|

~| sec (long)

"y ~0.1 sec (short)
°  ~0secinafew
>> tvariabih‘ty

= —="  Afterglow? ~Rg/cl}?
I 3 e yy-break shift?  ~R /cI')”

) WU e Progenitor? ~R./c
e | sec Unconfined jet? ~R /cI' 2

: U I ‘ | Toma+ 11,Li 10,
= ’ * Time since trigger (8) 80 1 Bosnjak'l' II,KI IO,II

Counts/sec




2017/02/27 MeV GRBs by K. IOKA 32

MeV Physics

® Prompt emission
— Nonthermal, Thermal, High-energy

— Polarization Better than BATSE
® Aftergiow Large FOV

— Synchrotron, Reverse, Steep decay, Flare, Plateau

® Supernova
— S6N]j
® Diverse populations
— lIGRB, ulGRB, Pop Il GRB, Shock breakout, TDE
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y-ray Polarlzatlon
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Uniform Magnetic Field?

Barder I1 = p+1 = "70%

" p+7)3
Linear polarization » (y.)dy, <y *dy,
Theoretical maximum
= Uniform, large scale magnetic field?

= Magnetically driven GRB? Magnetar?
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MeV Physics

® Prompt emission
— Nonthermal, Thermal, High-energy

— Polarization Better than BATSE
® Aftergiow Large FOV

— Synchrotron, Reverse, Steep decay, Flare, Plateau

® Supernova
— S6N]j
® Diverse populations
— lIGRB, ulGRB, Pop Il GRB, Shock breakout, TDE
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X-ray Afterglow
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Deep, Wide, Fast
IR-Opt Big Survey Era

SC B WA’

WFIRST
3.5 deg FOV Near IR wide-field

MeV survey than MeV follow-up?
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MeV Physics

® Prompt emission
— Nonthermal, Thermal, High-energy

— Polarization Better than BATSE
® Aftergiow Large FOV

— Synchrotron, Reverse, Steep decay, Flare, Plateau

® Supernova
— S6N]j
® Diverse populations
— lIGRB, ulGRB, Pop Il GRB, Shock breakout, TDE
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MeV Physics

® Prompt emission
— Nonthermal, Thermal, High-energy

— Polarization Better than BATSE
® Aftergiow Large FOV

— Synchrotron, Reverse, Steep decay, Flare, Plateau

® Supernova
— S6N]j
® Diverse populations
— lIGRB, ulGRB, Pop Il GRB, Shock breakout, TDE
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Pop 111 GRB?
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Present Day
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Envelope accretion = Ultra-long
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Ultra-Long GRBs
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SN Shock Breakout
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MeV Physics

® Prompt emission
— Nonthermal, Thermal, High-energy

— Polarization Better than BATSE
® Aftergiow Large FOV

— Synchrotron, Reverse, Steep decay, Flare, Plateau

® Supernova
— S6N]j
® Diverse populations
— lIGRB, ulGRB, Pop Il GRB, Shock breakout, TDE
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