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Gamma-ray bursts

bursts of gamma-ray photons: ~1 event/

day, isotropic

spectrum well represented by a "Band
function” (Band et al. 1993)

classification: long-soft/short-hard

Fermi GBM GRBs in first six years of operation
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1 191 also triggered Swift-BAT

distribution of Fermi GRBs on the celestial sphere

(3rd Fermi GBM catalog, 2016)
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Gamma-ray bursts

= bursts of gamma-ray photons: ~1 event/

day, isotropic

GRB 990123

= spectrum well represented by a "Band
function” (Band et al. 1993)
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= classification: long-soft/short-hard

Flux (photons - cm 2 s MeV™)

Fermi GBM GRBs in first six years of operation
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distribution of Fermi GRBs on the celestial sphere

(3rd Fermi GBM catalog, 2016)



HR vs T90 plot(3rd Fermi GBM catalog, 2016)
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= bursts of gamma-ray photons: ~1 event/

day, isotropic

= spectrum well represented by a "Band
function” (Band et al. 1993)
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= classification: long-soft/short-hard
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low-luminosity GRBs

=) sub-energetic class of long GRBs

= only nearby events are detected, but event rate is high
e.g., 230499190 Gpc3 yr! (Soderberg+ 2006 ), 100-1800 Gpc3 yr! (Guetta&Della Valle 2007)

= They accompany broad-lined Ic SNe

= [Ex. GRB 980425/SN 1998bw, GRB 060218/SN 2006aj, GRB100316D/ SN2010bh
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cf. Liso~1051 erg/s, Eiso~1052-53 erg for standard GRBs




New LLGRB 171205A @ 168Mpc

= Swift detection on 2017/12/05
(D'Elia+2017, GCN circular 22177)

= FEiso~2.2x10%[erg], Too~190][s]
(D’Elia+2018)

Obs. Data provided by Swift UK Data Centre

-
<
oo

= follow-up optical, radio observation
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= SN bump after a few days I
(de Ugarte Postigo+2017, GCN circular 22207)
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cf. Liso~1051 erg/s, Eiso~1052-53 erg for standard GRBs



New LLGRB 171205A @ 168Mpc

= Swift detection on 2017/12/05
(D'Elia+2017, GCN circular 22177)
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follow-up optical, radio observation

SN bump after a few days

. . i GRB°1612198 o GRB 031203
(de Ugarte Postigo+2017, GCN circular 22207)
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low-luminosity GRBs
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L

)

low Liso, low Epeak

luminosity function

980425

Model parameters:

o, =0.65,0,"=2.3L "=2.25x10" erg s”

_ pOHL=1 .2Gpc’ yr'1

a, =0.00, 0, =3.0,L.=1x10""erg s

| p, =364 Gpc” yr’

T8N0 202020202020 20
CRRLKHHXKRRRKKKHKS

h log(z)

04 0.6
Relative probability

Liang+ (2007)

Model parameters:
— - 0,"=08, 0, =256, "=60x10" x10" ergs’ 3
=05, 0''=4.0,L “=7x10" erg 5™

+ 02065, 0,"=2.3 " =120x10"x 10” erg s ' J
o,"=0.00, ''=35,L "=1x10" erg s

-1 a,"=05,0,"2.0,L, " =180x10"x 10" ergs™ "5

o, “—0.5, (szL=3.O,LbLL=3><1 0" ergs”

IIIILI,IJ L1l IIIIILI,I] il L1l L1l L1l P11l
10*10°10% 10" 10° 10" 10® 10° 10°

L_/10"ergs




New LLGRB 171205A @ 168Mpc
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Origin of low-luminosity GRBs

= central engine was a neutron star? (e.g., Mazzali+2006)
= off-axis GRB?

= relativistic shock breakout with dense CSM, off-axis/weak/failed jet, cocoon-
CSM interaction(Kulkarni+1998, Tan+2001, Campana+2006, Li 2007;
Toma+2007; Wang+ 2007; Waxman+ 2007,Suzuki&Shigeyama 2012, Nakar

2015, Irwin&Chevalier 2016 ) Suzuki&Shigeyama (2013)
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dense CSM around massive stars?

= “Non-detection” of fast, bright shock breakout signals from type Il SNe
= shock breakout emission can be smeared out or “delayed” by optically thick gas.
= SN progenitor surrounded by dense CSMs?

= we do not know if such CSMs are ubiquitously present for all types of CCSNe
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dense CSM around massive stars?

= “flash spectroscopy’, right after SN discovery
= (CSMilluminated by the SN shock breakout light

= centrally confined CSM with a density much larger than normal stellar wind

10'’%cm  radius




Ejecta with mildly relativistic speeds and CSM

= SN ejecta (with max [ ~2-10) colliding with circum-stellar medium (CSM),

leading to the dissipation of the kinetic energy into the thermal energy of the

shocked gas.

= the thermal energy diffusing out through the shell is responsible for the

prompt emission

Optically thick stage

density

How much energy can be .
released in ejecta-CSM |
interaction?

gamma-ray

radius

- kinetic energy of SN ejecta
- density structure
« CSM density

Suzuki, Maeda, Shigeyama (2018) photosphere



One-zone semi-analytical model

= steady wind: p=Ar2, Ax=A/(5x101! [g/cm])
(dM/dt=10-*Me/yr, for vwind=1000km/s)

= freely expanding trans-relativistic ejecta: c S =r/t,

Ejecta distribution In velocity space Ejecta distribution in physical space

Kinetic energy=Ere

+ relativistic

: component

r=3x10"3cm radius




One-zone semi-analytical model

= we approximate the shocked region as a thin shell and solve the EOM.

= shock radii Rss,Rrs, shell mass Ms, shell momentum Sr, and so on

momentum influx from ejecta  deceleration by pressure gradient force

dS;
dt

+ 47 stfS — 47TR?SFI'S — 47TR%Sprsad o 47TR1%SpfS’d

d M., , , momentum Sr
+ 4 Ri Frn s — 4T R P s = 0 mass Ms
at radius Rs
shell

shell increases its mass
by sweeping CSM/ejecta

forward/reverse shock velocity
determined by shock jump condition radius



One-zone semi-analytical model

= we approximate the shocked region as a thin shell and solve the EOM.

= shock radii Rss,Rrs, shell mass Ms, shell momentum Sr, and so on

momentum influx from ejecta  deceleration by pressure gradient force

dS;
dt

+ 47 stfS — 47TR?SFI'S — 47TR%Sprsad o 47TR1%SpfS’d

Wrurﬁ(ﬁu - 6d>6d - (7 - 1)(Fu - Fd)

Bsn(Bu, Ba) = T2 (B — Ba) — (7 — 1) (TwBa — TuBa) radius

- . _ _Pej (Bej B 61“8) o pejrgj (ﬁej - Brs)(ﬁej — Bs)
Brs = BenBes fs). b= v (3 =57 P =  1-BBe

Frs — pejrgjﬁej (ﬁej — ﬁrs)a




Bolometric LC for prompt emission

= fiducial model: Erel51=0.5,A%x=25,n=5 (dM/dt=2.5x10-*M@/yr for vw=103km/s)

= theoretical emission model is consistent with observed prompt gamma-ray and
X-ray light curves

= note: theoretical model produce bolometric light curves
= spectral evolution is the next step Suzuki, Maeda, & Shigeyama (2018)
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Erad VS Thurst

= Fad-Thurst diagram
Suzuki, Maeda, & Shigeyama (2018)

= |onger bursts show larger radiated
energies

= in ejecta-CSM interaction model,
this trend can be explained by
increasing CSM density (or mass)

= GRB 171205A is consistent with
the trend.

= GRB171205A: Erei~10°1[erg], Ax~
several 10

Tburst[s]




Non-thermal X-ray and radio emission

= Afterglow emission following the
prompt gamma-ray 104s 105 106s

= Swift XRT observations + radio
(NOEMA, ALMA, VLA )
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Non-thermal X-ray and radio emission

= clectron distribution in momentum
space

Suzuki, Maeda, & Shigeyama (2018)
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Non-thermal X-ray and radio emission

m p=3.0, €.=0.08, £=3x103
Suzuki, Maeda, & Shigeyama (2018)

= Swift XRT observations + radio
(NOEMA, ALMA, VLA )

S
()

A* =25, Erel,51 =O.5, n=>5
; ; = vLy(hv=TkeV)...:

~ b b
Ul O

=™ Axout=0.5 (hormal stellar wind)

o
N

- H
pa w
flux [ergcm™2s71]

Luminosity [ergs']

H R RRRRERERERRERE
OOOOOO_bOOOO
D

flux [ergecm™2s71]

IU)
60
S
2
>
=
m
o
£
>
a

ALMA(92GHz) i s R
"'ALMA?('34OGHZ)'"'?QQGHZ’"”? """""""" W @ §>

.."5 M V4
"""" ( .;.//
radio ~ ' '

flux density [m])y]

r=3x10"3cm radius

10°
observer time ty [S]




Non-thermal X-ray and radio emission

m p=3.0, €.=0.08, £=3x103
Suzuki, Maeda, & Shigeyama (2018)

= Swift XRT observations + radio
(NOEMA, ALMA, VLA )

=™ Axout=0.5 (hormal stellar wind)
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Summary

= |ow-luminosity GRBs: a sub-energetic
population of long GRBs

= A part of them are really a distinct

i : : Suzuki, Maeda, & Shi 2018
population powered by CSM interaction. stasessioiiaiaits igeyama (2018)

= origin of (sub-)relativistic ejecta?

= There should be more lIGRBs, but how
to distinguish between off-axis GRBs
and CSM-powered transients.

= Future deep and/or wide X-ray surveys
will unveil the hidden population.

Ere|,51 =1.0
Erel,51=0.1

Erel, =

10°
Tburst[s]
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