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Introduction



Gamma-ray bursts

a burst of gamma-rays in the sky
duration > 2 sec — long-duration GRB
massive stars’ explosive death — relativistic jet

assoclation with supernovae (SNe), in particular,
SNe-Ic

Fermi GBM GRBs in first ten years of operation
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Gamma-ray bursts

a burst of gamma-rays in the sky
. duration > 2 sec — long-duration GRB
. massive stars’ explosive death — relativistic jet

: gstocI:Iatlon with supernovae (SNe), in particular, long GRBs short GRB
e-Ic

duration Too > 2 sec
synchrotron Y -ray spectrum soft
. . massive star’s
//s _— P origin collapse
dStT wave
o . //Q optical core-collapse
Jet \@ counterpart supernova
core .
after-glow bright
X o
massive NS-NS binary host galaxy star-forming
star ,ﬂ,
long-soft GRBs short-hard GRBs v 2ssociated with stellar

lights

= Talks on Friday

<2 secC
hard
NS-NS merger
kilonovae
dark
old population
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(GRB0O60218-like) low-luminosity GRBs

nearby GRBs (< a few 100Mpc) are low-luminosity
GRB

smaller Ly iso and Eyiso by 5-6 orders of
magnitudes

outliers In Epeak-Eiso relation

more common than normal GRBs

e.g., 230+490.190 Gpc-3 yr-1 (Soderberg+ 20006),
100-1800 Gpc-3 yr-1 (Guetta&Della Valle 2007)
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(GRB0O60218-like) low-luminosity GRBS
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low-luminosity GRBs are failed jets?

Nakar (2015), see also Suzuki & Shigeyama (2013)  Afterglow
prompt y-ray emission

ultra-relativistic jet

stellar
cocoon

progenitor

- ﬁ( R~Rsun

Il |SoREIR VI a R ESINEROSWY/M CSM = Circum-Stellar Materials . thermal emission

(sub-)relativistic
= Talks by K. Maeda and others on Wed. ejecta

| Y, X-ray
massive CSM/envelope CSM shocked jet

R~10-100Rsun? slelelelely

Jet

progenitor R~Rsun !



(GRB0O60218-like) low-luminosity GRBS

nearby GRBs (< a few 100Mpc) are low-luminosity

GRB

smaller Ly iso and Eyiso by 5-6 orders of
magnitudes
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(GRB0O60218-like) low-luminosity GRBs
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X-ray transient missions: Now and Future

. Swift BAT(2004-) :can miss soft X-ray-dominated transients like lIGRBs
. Einstelin Probe: launched in 2024/1 and now in the commissioning phase

. SVOM (Space-based multi-band astronomical Variable Objects Monitor) mission:
launched in 2024/6

: ECLAIRs/
BAT /Swift WXT/EP SVOM
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Sensiviity ~108 1.2x10-10 several
CHenTSB (for a GRB) (for 100s) 10-8?

| Overview

The Einstein Probe (EP) is a mission of the Chinese Academy of Sciences (CAS) dedicated to
time-domain high-energy astrophysics. Its primary goals are to discover high-energy transients
localization and monitor variable objects. To achieve this, EP employs a very large instantaneous field-of-

‘ ~4 "“'2'3 3' ] O view (3600 square degrees), along with moderate spatial resolution (FWHM ~5 arcmin) and
accuracy [‘]

energy resolution.

nttps://swift.gsfc.nasa.gov/about_swift/bat_desc.html
nttps://arxiv.org/abs/2209.09763 |
nttps://irfu.cea.fr/Projets/SVOM/svom.html 10
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low-luminosity GRBs are UHECRs and v source?

cosmological GRBs had been promising v sources

Waxman&Bahcall(1997), Rachen&Meszaros(1998), Ahlers+(201 1)

So far, lceCube found no association of v events with (powerful) GRBs.

Abbasi+(2012,21,22), Aartsen+(2015,16,17)

(powerful) GRBs contribute only up to 1% of diffuse v flux at ~0.1-1 PeV?

unlike cosmological GRBs, [IGRBs are dark in y-ray, but more common
e.g., 230+490_190 Gpc-3 yr-! (Soderberg+ 2006), 100-1800 Gpc3 yr-1 (Guetta&Della Valle 2007)

isotropic y-ray high-energy « ultra-high energy
.1 background neutrinos *  COSIMIC rays '
: proton (E~?) -
. (Fermi) (IceCube) " (Auger)
::::: HESE calorimetric @
== . (7yr) limit
= / 7.[0 ~~~~~~~
production =
Vy + Uy
| @yr)
y-rays from cosmogenic".,'
¥ decay T 3 v+ v @
10 100 10° 10* 100 10® 107 10® 10° 10 110%™

Halzen&Kheirandish (2022), arXiv:2202.00694

energy E [GeV]
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low-luminosity GRBs are failed jets?

. Jet deceleration = energy dissipation

. the jet energy goes into kinetic and thermal energies of expanding CSM
a small fraction of the thermal energy goes into CRs and v
remaining part goes into thermal radiation

4. Ejecta expansion
—> Ekinetic’ E. EM obs. radE nternal — E

EM obs.

L.

jet
_ N L f ?
2. Jet deceleration €st1nternal — Ey,X

3. Shock breakout

internal

] Jet formation GW, v obs.

jet

but, not always (e.g, radiation condition,

Murase&loka 2013, Senno+2016)
GaCCEinternal — ECR T Ey CR, v obs. 12
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Jet simulations
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GRB jet simulations: setups

3D special relativistic hydrodynamic simulation in (x,y,z)
14 Msun CO core (16TIl; Woosley&Heger 2006)
chemical composition: hypernova-like (e.g., Iwamoto+

2000)

thermal bomb (bx10°! erg, Rin=109cm)

relativistic jet (bx10%Terg per jet, tjet=20s, Ojet=10 deg,

Rin=10%cm, I « ~100)

14Me CO core

inner core Rin=10°m

z>0

model Mcsm[Msun] Rcsm[Rsun]
MO1R40 0.1 40
MO3R40 0.3 40
M1R40 1.0 40
M3R40 3.0 40
. M10R40 10 40
pcsm X7
CSM/Extended envelop MOTR400 0.1 400
Mcsm: O.1 - 10 Msun
Rcsm: 40Rsun or 400Rsun MO3R400 0.3 400
M1R400 1.0 400
thermal bomb 5x10%'erg M3R400 3.0 400
relativistic jet 5x10°'erg
N, M10R400 10 400

see, AS & Maeda (2022) for more detail

16



GRB jet simulations: jet dynamics

AS, Irwin, &Maeda (2024)

a GRB jet-CSM collision in meridional slice (x-z plane) from t=1.0 to t=22.0 s

Ejet=bx105%Terg
Mecsm=1Msun
RCSI’T]:4OORSUH

density

pressure

4-velocity

z [10"°%cm] z [10"°cm]

z [10"°cm]

t=1.0s 2.0s 3.0s 4.0s 5.0s 6.0s 10.0s 15.0s 20.0s 22.0s

-
1 B | RS N -5

] i I i 120
: il j I 15
e Lo JL AL A LA L A IO

9

] l |

recollimation shock
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GRB jet simulations: jet dynamics

AS, Irwin, &Maeda (2024)

. a GRB jet-CSM collision in meridional slice (x-z plane) from t=30 to t=200 s
t=30.0s 40.0s  50.0s  60.0s  70.0s  80.0s  90.0s  100.0s  150.0s  200.0s

Ejet=bx105%Terg 6
Mcsm=1Msun —
E 4
Rcsm=4OORsun S:'U
o -4
N 2 —6
densit
y 5 —8
6 20 0
— - 17 5
g
2y 115.0
N 2 I12.5
ressure
P 0 10.0
6 2
= 11
o4
5 0
N 2 _1
4-velocity 0 _5

recollimation shock 18



GRB jet simulations: jet dynamics

AS, Irwin, &Maeda (2024)

. a GRB jet-CSM collision in meridional slice (x-z plane) from t=100 to t=3x103 s
t=1%x10% 2x10% 4x10% 6x10% 8x10% 1x10% 1.5x103s 2x10%s 2.5%10% 3x103%s

Ejet=bx105%Terg

Mecsm=1Msun = 6
Rcsm=4OORsun f’_‘u 4
o
N 2
density
0]
— 6
&
mU
;‘2 4
N 2
pressure 0
— 0
&
mL)
é 4
N 2
4-velocity




GRB jet simulations: jet dynamics

AS, Irwin, &Maeda (2024)

a GRB jet-CSM collision in meridional slice (x-z plane) from t=2x103 to t=9x103 s

Ejet=bx105%Terg
Mecsm=1Msun
Rcsm=4OORsun

density

pressure

4-velocity

t=2.0x10%s2.5%10%s 3.0x103s 3.5%10%s 4.0x10%s 5.0x10% 6.0x10% 7.0x10°s 8.0x10°s 9.0x 10%s

log10(p)
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) aia aha aha aha
-1 O 1

X [10™cm]

z [10™cm]
N W

=

W

z [10™cm]
N

(-

-

W

z [10™cm]
N)

(-

-
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GRB jet simulations: CSM mass dependence

40Rsun models t=50s
Mcsm=O-1MO Mcsm=O.3M@ csm—1MO Csm—3M® csm—1OM®

40Rsun models: Mcsm=0.1-10Msun
. g densit
massive CSMs decelerate the £ ° e
: .. - 4
Jet efficiently 2
N 2
massive CSMs collimate the jet ,

Mecsm=10Msun: non-relativistic jet
g pressure
head.

z [10"2cm]
S

N

.
‘>

| 2 0 2 -2 0 -2 0 -2 0 -2 0
AS, IrW|n, &Maeda (2024) X [1012cm] X [1012cm] X [1012cm] X [1012cm] X [1012cm]

J 4-velocity

z [10"2cm]
S

N




GRB jet simulations: CSM mass dependence

40Rsun models t=100 s
Mcsm=0.1M@ Mcsm=O.3M@ Mcsm= 1M@ Mcsm=3M® Mcsm= 1OM@

40Rsun models: Mcsm=0.1-10Msun

massive CSMs decelerate the
Jet efficiently

z [10"2cm]
O

N

massive CSMs collimate the jet

o

Mecsm=10Msun: non-relativistic jet
head.

z [10"2cm]
NSO

N

' 4
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GRB jet simulations: CSM mass dependence

40Rsun models
Mesm=0.1TMg Mcsm=0.3Mg  Mcsm=1T1Mg Mcsm=3Mg

40Rsun models: Mcsm=0.1-10Msun

: — 6
massive CSMs decelerate the £
: .. |
Jet efficiently 2
N 2 |
massive CSMs collimate the jet , FTy
Mecsm=10Msun: non-relativistic jet .
head. 5
o -
~ 2
0
— 6
=
(\IU
S 4
~ 2

o

| 2 0 2 -2 0 -2 0 2 0 2
AS, IrW|n, &Maeda (2024) X [1012cm] X [1012cm] X [1012cm] X [1012cm]

t=150 s
Mcsm= 1OM@




GRB jet simulations: CSM mass dependence

40Rsun models t=200 s
Mcsm=O.1M@ Mcsm=0.3M@ Mcsm=1MO Mcsm=3M® Mcsm=1OM@

40Rsun models: Mcsm=0.1-10Msun

massive CSMs decelerate the
Jet efficiently

z [10"2cm]
NOO

N

massive CSMs collimate the jet

o

Mecsm=10Msun: non-relativistic jet
head.

o))

z [10"2cm]
NS

z [10"2cm]
NOO o

N

AS, Irwin, &Maeda (2024)




GRB jet simulations: CSM mass dependence

40Rsun models t=500 s
Mcsm=O-1M® csm—O3M® csm—1M® Iv'csm=3|v|6) Mcsm=1OM®

40Rsun models: Mcsm=0.1-10Msun

massive CSMs decelerate the
jet efficiently

massive CSMs collimate the jet

Mecsm=10Msun: non-relativistic jet
head.

z [10"2cm]
NOO

N

-

o))

z [10"2cm]
S

N

| 20.0
1.

115.0

12 5

' i10 .0

_ -2 0 2 -2 0 -2 0 -2 0 -2 0
AS, IrW|n, &Maeda (2024) X [1012cm] X [1012cm] X [1012cm] X [1012cm] X [1012cm]

z [10"2cm]
NO o

N

-
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GRB jet simulations: radial profiles

angle-averaged profiles of density, 4-
velocity, pressure, and kinetic energy
density

almost free expansion (v=r/t)
density structure I1s remarkably universal

power-law function of radial velocity with

index -5: p x v &« r>

— 10°°

'E
2

B

exin [erg/cm?] p [erg/cm?]

10 10
o 10712

14
Q‘%g 16

AS, Irwin, &Maeda (2024)
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Resm =40R o, t=10%s

1074
1038

...........................

10!

.........................................................

.......................................................................................................................

100 B | 1 IIIIIIi | 1 IIIIIIi | 1 IIIIIIi |
1011 1012 1013 1014
rcm]

10.0

3.0
1.0

0.3
0.1

10.0

3.0
1.0

0.3
0.1

10.0

3.0
1.0

0.3
0.1

10.0

3.0
1.0

0.3
0.1

20



GRB jet simulations: CSM mass dependence

—_—— Rcsm — 4OR O)

. a fraction of CSM is swept by the shock Resm =400R o

. . 0.15
driven by the jet —
O
. mass and energy of ejecta accelerated = 0.10
beyOnd v=0.1c: - M(v>0.1c) ~ (0.05-0.12)Msun I\_/ 005
- Exin(v>0.1¢) ~ (1-5)x10>Terg % o
. weak dependence on the CSM properties 0.00
(Mcsm and Resm) ‘_g 6
= 4
_
V
s 2
LI.jE‘ O I I I I L1 1 1 11 I I | L1 | |
101 100 10*

AS, Irwin, &Maeda (2024)



EM emission modelings
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EM emission from mildly relativistic ejecta

. Jet deceleration = energy dissipation

. the jet energy goes into kinetic and thermal energies of expanding CSM
a small fraction of the thermal energy goes into CRs and v
remaining part goes into thermal radiation

4. Ejecta expansion
— Ekinetim L. EM obs. radE nternal — Erad

m
<
O
O
7

L.

jet internal

2. Jet deceleration €sbLinternal = E;/,X
3. Shock breakout

L B B EREEEEREE

1. Jet formation GW, v obs. b. particle acceleration RS always (e.g, radiation condition,

or - F FE E E - Murase&loka 2013, Senno+2016)
rot) jet SN GW GaCCEinternal — ECR T Ey CR, v obs. 9

grav (



Thermal emission powered by jet dissipation

. thermal emission from the fast ejecta can

account for the early UV-opt luminosity of
IGRBs and SN [c-BL 2020bvc

. this thermal emission could be common

sdensity
VvV =r/t

0 = Vv orrh(n=b)

SN
ejeCta \.

relativistic
MNi ejecta radius
>
A : : S .
internalienergy ity kinetic energy: Erel (or Mrel)

- Initial radius: Ro

I\ - max 4-velocity: ' £=0.7

Sint =§r_m (Mm=5) - Internal/kinetic energy ratio: =0.5

»

E r=0.1cto ' r=Ro=Vmaxto

radius
>

(qp]
-
O
N~
o0

|
Q

T [K] v [c]

Amr’F, [erg/s]

104
1078
10—12
10—16
10—20
10—24

1040

101° 10

|

11 1012 1013 1014 1015 1016 1017

r[cm]
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Thermal emission powered by jet dissipation

Mg =2.5Mg,Eqn=10% 10°"erg
n=235, NmaxPmax =0.7, RO=ZOOR@,Ere|=5><1051erg

e

. thermal emission from the fast ejecta can

account for the early UV-opt luminosity of
IGRBs and SN [c-BL 2020bvc

. this thermal emission could be common

sdensity
VvV =r/t

SN
ejecta
relativistic

MNi ejecta

0 = Vv orrh(n=b)

E\.

radius

A :
Internalienergy
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Thermal emission powered by jet dissipation

Mg =2.5Mg,Eqn=10% 10°"erg
n=235, NmaxPmax =0.7, RO=ZOOR@,Ere|=5><1051erg
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- this thermal emission could be common _
=
adensity
VvV =r/t
5 © = vnhorrn(n=b) o >
SN \ thermal emission
ejecta - : : : —
relativistio from high-velocity ejecta é
MNi ejecta radius —
>
A : , : - .
internalienergy ' tmto kinetic energy: Erel (Or Mre) _
: ; - initial radius: Ro ®
I\ - max 4-velocity: [ £=0.7 E
Sint =§r_m (Mm=5) - internal/kinetic energy ratio: f=0.5 =2
' ‘ radius
>

E r=0.1cto ' r=Ro=Vmaxto



The case of GRB 060218/SN 2006aj

GRB 060218/SN 20064aj: LC fitting looks

quite good

discrepancy in early optical LCs (<104

SecC)

early UV emission Is a good probe of the
total energy of the mildly ejecta (and
thus the dissipated jet energy)

constrained parameters are Isotropic

equivalent values

non-spherical effects?

ejecta parameters: <

. Ro=200[Rsun]

. Erei=bx10%[erg]
[ Bmax=0.7

. oo« ([ B)5

. Esn=10x10%"[erg]

. \/lej=2.5|\/|sun

.« Mni=0.38Msun

SN 2006aj
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The case of GRB 171205A/SN 201 7iuk

GRB 060218/SN 2006aj: LC fitting looks
quite good

discrepancy in early optical LCs (<104
SecC)

early UV emission Is a good probe of the
total energy of the mildly ejecta (and
thus the dissipated jet energy)

constrained parameters are Isotropic
equivalent values

non-spherical effects?

ejecta parameters:

. RO=50[:{sun]

. Erei=1x1051[erg]
- [ Bmax=0.7

- oo ([ B)

. Esn=10x1051[erg]
. \/lej=2.5|\/|sun

. Mni=0.38Msun

. free expansion, v=r/t
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Volumetric rate summary

. long GRB rate: Rigrs ~ 1[events/Gpc3/yr]

. lIGRB rate: Ricrs ~'1 00-1000 [events/Gpc3/yr] ? :
" e.g., 230+490.190 Gpc-3 yr-1 (Soderberg+ 20(:)6 100-1800 Gpc3 yr! (Guetta&Della Valle 2007)

-------------------------

Einstein probe, SVOM
. Assuming a jet dissipation energy Ediss and event rate R, the energy injection rate Is

----------------------

k. :I R |
E. .~ 3% 1045! diss : 11IGRBs : M

Inj (3 X 1051 lerg] )I( 1000 [GPC_3y1‘_1] [erg pC yr ]
UV-opt follow-up (ULTRASAT,UVEX) T e /I8 1000[Gpe2yr] )

+ LC model grid ) £

v,

PeV ™ EUHECRS ~ 10 — 1045[61’% M]PC_3 Yl'_l]

. CCSNe: Reesn ~102[events/Gpc3/yr]
. broad-lined Ic SNe: Ric-sL ~ 2-3% of Rcesn ~ (2-3)x103 [events/Gpc3/yr]
. double-peaked Ic-BL SNe: 1/6 or 2/6 of RicsL ~ 300-1000 [events/Gpc3/yr] ?
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Observed flux density (Jy)

Early spectral evolution of GRB-SNe

. (low-luminosity) GRB 1/71205A/ SN 201 7iuk at

D=163Mpc

. optical spectroscopy as early as 0.06 days after GRB
trigger

. Eiso~2.2x104°[erg], Too~190][s]
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Early spectral evolution of GRB-SNe

(low-luminosity) GRB 171205A/ SN 201 7iuk at
D=163Mpc

optical spectroscopy as early as 0.06 days after GRB
trigger

blue-shifted absorption features with v=10°km/s~0.3c

Fe,Co,Ni well mixed into the fast component (X~0.01)
density profile o« v°

Mass fraction

1zzo+ (2019, Nature) including K. Maeda & AS

................. | Fe+Co+Ni
-~ N———

107 N4 Il
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] L
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W Day 14.94
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Early spectral evolution of GRB-SNe

(low-luminosity) GRB 171205A/ SN 201 7iuk at D=163Mpc
optical spectroscopy as early as 0.00 days after GRB trigger
blue-shifted absorption features with v=10°km/s~0.3c
Fe,Co,Ni well mixed into the fast component (X~0.01)

density prOﬂle O V-6 Models with different profile (CO138 or pow) and maximum velocities
45 —mmm—mmmmmm—m—————— 45 —mmmm™m—m—m——————————
Day 1 Day 2
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o
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Summary
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Summary: lIGRBs in multi-messenger era

. Jet deceleration in massive CSM = energy dissipation
. Jet energy goes into kinetic and thermal energies of expanding ejecta

a small fraction of the thermal energy channeled into CRs and v ULTRASAT, UVEX

. thermal radiation as a probe of the dissipated energy +Chronos with UV?

Einstein probe, SVOM
+hiZ-GUNDAM?

E. . — Ekinetic’ E. EM obs. radE nternal = Erad

jet internal

*
2. Jet deceleration €sbEinternal = E, x . ?
3. Shock breakout

- . . lceCUBE (gen2?
1. Jet formation GW, v obs. 5. particle acceleration TN alwa(ygs (e.g, ra)diation condition,

or - F FE E E - Murase&loka 2013, Senno+2016)
rot) jet SN GW GaCCEinternal — ECR T Ey CR, v obs. 40

grav (



Summary: lIGRBs in multi-messenger era

. Jet deceleration in massive CSM = energy dissipation

. Jet energy goes into kinetic and thermal energies of expanding ejecta
a small fraction of the thermal energy channeled into CRs and v

. thermal radiation as a probe of the dissipated energy

our ongoing work

EJet - Ekinetim Einternal EM obs
2. Jet deceleration €sbLinternal = £, x

----~

3. Shock breakout

Bl BN BN BN BN BN BN BN BN BN BN B BN = = m ¢

1. Jet formation GW, v obs. ’

Or rot) — Ejet’

but, not always (e.g, radiation condition,

1
i
i
i
i
E E E : N Murase&Ioka 2013, Senno+2016) ,
SN GW :‘ GaccEinternal — ECR T Ey CR, v obs. b

grav (
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Backup slides



low-luminosity GRB as off-axis GRB?

nearby GRBs (< a few 100Mpc) are low-luminosity

GRB

smaller Ly iso and Eyiso by a few orders of magnitudes

outliers In Epeak-Eiso relation
what are they?

| 'r'(rllc')slt subtrécted) — . ]
r (host+AG subtracted) —e—
AG
1 L AG+SN —— |
: SN 1998bw -~ :
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— 0.1 ¢
> [
‘w0
C
O
Q
X
=
4 0.01
GRB 130427A / SN 2013cq : ey
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0.1 1 10
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r-band light curve of GRB 130427A/SN 2013cqg, Xu+(2013)
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SN 2020bvc: an optically-selected off-axis GRB-SN?

BBB B B B BB B BB BEBB B B B B B B B B

ZTF discovery comn  puiky
ATLAS non-detection
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SN 2020bvc: an optically-selected off-axis GRB-SN?

ZTF discovery Ho+ (2020)
ATLAS non-detection

follow-up spectroscopic obs. 0.8 days

+0.8 d
early spectrum dominated by blue

continuum

late-time X-ray and radio detection: similar :
to SN 201 7iuk.

+4.6 d

Scaled F) +
Scaled F) +
;
N
N
o i
Q.

+47.8 d

4000 5000 GO0 7000 SO00 9000 10000 4000 H000 6000 7000 OO0 9000 10000
Rest Wavelength (A) Rest Wavelength (A)



SN 2020bvc: an optically-selected off-axis GRB-SN?

ZTF discovery Ho+ (2020)

. ATLAS non-detection - - 19 — -

_18_
: D
. follow-up spectroscopic obs. 0.8 days e ) 18- ., 2
. e
_]_7_
early. spectrum dominated by blue 16 - SN 2020bve
continuum —15- ZTF19aaxfcpq (z = 0.038) 1_612 ] ZTF20aalxlis (z = 0.025)
: . . C ZTF19abupned (z = 0.05 - Y |ZTF20aaiqiti (z = 0.025)
late-time X-ray and radio detection: similar predt ' 4 ! i
: 30 —17 -
to SN 201 71uk. = C ~15.5- -
@ i
< —16- + —14.5 - +
1 or 2 out of 6 SNe |C-BL(Z<0.06) dre —16.5 ZTF19abgshry (z = 0.031) ~19 12 TF19ablesob (z = 0.056)
accompanied by early bright emission: ~16.0 - | ~18- ) . r
20-30% of SNe Ic-BL show jet signature? 155 - -171 | early
o
- 16 - emission-
0 2 y 0 2
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low-luminosity GRBs

e.g., 230+490.190 Gpc-3 yr! (Soderberg+ 2006 ),
100-1800 Gpc-3 yr-1 (Guetta&Della Valle 2007)

nearby GRBs (< a few 100Mpc) are low-luminosity

7
10" g
G R B = Model parameters:
= N — - 0,208, 0,"=26,L "=60x10" x10” erg s
_ _ 5 - o 1=05, 0, '=4.0,L "=7x10" erg s
SImada I Ier I_ Y ,I1SO d nd E Y ,ISO by 5_6 OrderS Of 10 3 + a."=0.65, 0,"=2.3,L "=120x10" % 10" erg s
. = \ o, '=0.00, o, =35, "=1x10" erg s
mag N ItUdeS e~ \ o '"=0.5, 0 =2.0,L "=180x10" x 10" erg s
3 ol ‘\ a =-05,0,=3.0,L "=3x10" ergs
- \
: : : 10" ¢ .
outliers In Epeak-Eiso relation z \\
3 \
T T T T T T T T T T T T T T — \
Wh a'['_ are they? 1.0 -(C) Model parameters: :T 101 C \ '\
- I ~—" E Ve,
= = ‘e, \\ .
E 08F o, =0.65,a, =2.3L "=2.25x10" ergs” % B e N\
S osf | py"=1.2Gpc” yr - E LL-GRBS™ N\
£ 10 F N
3 LL LL LL 47 -1 = NN
o 04F a, =0.00,0, =3.0,L, =1x10""erg s - NN
02l | p, =364 Gpc® yr' AN
3T N
— 107 F ‘e,
0.0 —— = N\,
31 (@) y = W
2_— e HL-GR Bs | ] . E \\ \
T ’ ) 20 1 1 O g_ W\
° o] B : HL-GRBs "\
2 0 0 ] C ) .
2 4] I : (a) > \5
4 ] 2o ] 7
g 21 | 3 RS y 10
— | o XIS | -4 -3 -2 -1 0 1 2 3 4
3 B SIS (b 10" 10° 10% 10" 10° 10' 10 10° 10
| LLGRB ! _
2l T RRRKKKKKKKKKKKKKS 1 1 1 1 1 50 y
30 25 20 15 10 05 00 05 00 02 04 06 08 10 L /10" ergs
Log z Relative probability Llang+(2007) 48



X-ray transient missions: Now and Future

Swift BAT(2004-) :can miss soft X-ray-dominated transients like IIGRBs
Einstein Probe: launched in 2024/1 and now in the commissioning phase

SVOM (Space-based multi-band astronomical Variable Objects Monitor) mission:

launched in 2024/6 o~

S\/O M https://www.svom.eu/

HOME MISSION COOPERATION INSTRUMENTS NEWS RESOURCES

I:J == r:‘EDJ Ry
] s ANy
The SVOM mission is a Franco- EEns NEN
Chinese mission dedicated to the
study of the most distant explosions
of stars, the gamma-ray bursts. It
was launched on 22nd june 2024 ‘ AR ;33 ’ X ¥
from the Xichang launch base. E | - : _
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2023/09: Electromagnetic
compatibility tests

Satellite integrations loghook
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~ ECLAIRs

4 Pu !

Mission time: 9d Oh 24m 18s

10 100 ‘103
Peak energy (keV)

Sensitivity (ph cm2 s1)

https://irfu.cea.fr/Projets/SVOM/payload_complete.nhtml

The SVOM mission What is a gamma-ray burst? The transient sky



GRB jet simulations: jet dynamics ot 2O OTD

recollimation
shock

)
Ambient Jet’s head
W€ density i 4-velocity medium 55000000
E'et:5 \
J £ Shocked \ 5
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Resm= (5|3 "
| 8|8 ': 0
I = - |
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: - E
de L & -E i -5
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4-velocity 5

-2 0 2
X [10"%cm]

recollimation shock 50



GRB jet simulations: jet dynamics

pressure ..ollimation 4-velocity

a GRB jet-CSM « Jpmation P30 to t=200 s
t : 100.0s 150.0s 200.0s

AS, Irwin, &Maeda (2024)

Ejet=bx105%Terg 6
Mecsm=1Msun —
E 4
Rcsm=4OORsun gu
o —4
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— - 17 5
5
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— 2
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6 2
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5
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—-10 1
X [10"2cm]

recollimation shock 51



Thermal emission powered by jet dissipation

dependence on energy and initial radius (Erel or Mrei, Ro) Larger initial radii Ro

—
Ro=50R 4 Ro=T100R & Ro=200R & Ro = 400R &

—21F E ...... |'/'1'O5'1'é'rg“ .......... 10 ........................ .......................... E‘ ...... |'/'1'05'1'é'r'g' .......... 10 ........................ ................................... |'/'T05'1'"€T"g" ......... — ........................ .......................... E‘"é'|'/'1'05'1'“6“r‘g"4§f'1'0 ......... ........................ ........................ Larger
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Universal density profile v or r->?

p[gcm™]
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3D simulation: AS & Maeda (2022)

2D simulation: Pais+(2023)
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Universal density profile v or r->?
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3D simulation: AS & Maeda (2022)
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