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0 I d -Ty pe G RBS “Expected”

« Collapsar or Merger Hints
« Central Engine (Compact Star + Disk + Jet)

« Prompt Emission: y -ray, X-ray (sometimes), GeV, EE (seconds ~ hours)
« Afterglow : X-ray, optical, radio, GeV (mintutes ~ hours ~ years)

« SN: optical (~ weeks )

 Kilonova: optical, UV (~ hours)

« Host: optical , radio, other wavelength (~ always)



Unusal & New-Type GRBs

“Old” Type short & long GRBs

* Precursors: all-wavelength

« Prompt Emission: optical, radio, (early) X-ray, y -ray , GeV, TeV

« Afterglow : (early) X-ray, (early) optical, (deep) optical, radio, GeV
« SN

» Kilonova: optical, UV, (large sample)

» Host: optical , radio , (large sample)

* Neutrinos

« Gravitational Waves

 VHE (e.g., LHAASO observations of GRB 190829A)




Unusal & New-Type GRBs

“Old” Type short & long GRBs

* Precursors: all-wavelength

« Prompt Emission: optical, radio, (early) X-ray, y -ray , GeV, TeV

« Afterglow : (early) X-ray, (early) optical, (deep) optical, radio, GeV

« SN

» Kilonova: optical, UV, (large sample)

» Host: optical , radio , (large sample)

* Neutrinos

« Gravitational Waves

 VHE (e.g., LHAASO observations of GRB 190829A)

“New-Type” GRBs

« Ultra-Long GRBs ( ~ hours, all wavelength, all time frames)

« Ultra-Soft GRBs (~ low Ep, thermal spectrum, all wavelength, all time frames)
« X-ray only GRBs ( a.k.a. X-ray transient, Xue et al. 2019, Nature)

* GRB related to other unusual sources (e.g., FRBs ? Dai et al.; GWs ; )

« Sub-TeV GRBs

« Sub-threshold GRBs (more interesting if coincidence w/ other messengers/wavelength)
« Temporally or spectrally peculiar GRBs (LL, extra component, etc )

« SGR GF GRB;

o Unknown—Oriiin GRBs ‘trouble makers'




Unusal & New-Type GRBs

“Old” Type short & long GRBs

* Precursors: all-wavelength <==

« Prompt Emission: optical, radio, (early) X-ray, y -ray , GeV, TeV

« Afterglow : (early) X-ray, (early) optical, (deep) optical, radio, GeV

« SN

» Kilonova: optical, UV, (large sample)

» Host: optical , radio , (large sample)

* Neutrinos

« Gravitational Waves

« VHE (e.g., LHAASO observations of GRB 190829)

“New-Type” GRBs

« Ultra-Long GRBs ( ~ hours, all wavelength, all time frames)

« Ultra-Soft GRBs (~ low Ep, thermal spectrum, all wavelength, all time frames)
« X-ray only GRBs ( a.k.a. X-ray transient, Xue et al. 2019, Nature)

« GRB related to other unusual sources (e.g., FRBs ? Dai et al.; GWs ; )<==

« Sub-TeV GRBs

« Sub-threshold GRBs (more interesting if coincidence w/ other messengers/wavelength)<==
« Temporally or spectrally peculiar GRBs (LL, extra component, etc )

« SGR GF GRB; <==

. Unknown—Oriiin GRBs ‘trouble makers'<==
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e Gravitational Wave GRBs — 2RI ZM{EHR. PFE2EYE

* Precursors of GRBs — GRB iR HA}IE

* Sub-threshold GRBs — 8RB 2. 5| 1BRNESRZHE

» SGR-GF GRBs — £ iciE

e Unknown-Origin GRBs — FR&NF{IE
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New-Type GRBs
GW GRBs (e.g., GRB 170817A)

X-rays (1 keV)

@ CXo

Jet Afterglow
KN Afterglow:
E,=(rg)™ 4

Gamma rays, 50 to 300 keV GRB 170817A
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Fermi, LIGO Team, 2017, PRL
Zhang, B.-B. et al, 2018, Nature Comm, 9, 447

Hajela, et al, 2021, arxiv 2104.02070



Case

13 optical EM candidtes,

NS-NS NONE confirmed Andreoni+19a
BH-NS Deep search yeild nothing Andreoni+19b
: confirmed in EM Dobie+19, etc
13 optical candiates, nothing Coughlin+19a

NS-NS . : )

confirmed ; Antier+19

NS-? deep search, some candiates, Coughlin+19b
' nothing confirmed : Goldstein+19

“-OGC 151030~

GCN Circulars




New-Type GRBs

Sub-threshold GRBs

needle in a

(dig out a

aystack)
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Subthreshold GRBs More interesting w/ GW

A A N O V a Research highlights from the journals
ok M & = = P of the American Astronomical Society
RN E—HIFFE-RRHESCRBEH ‘5
HOME HIGHLIGHTS JOURNALS DIGEST

(NS-BH event, 2nd GW-EM association

subject to LIGO/Fermi official confirmation) An Explosive Merger ... Maybe

1a Kohler on 5 October 2020 Share: u n m E

—— light curve

2000 - —— background

Too,1 =0.0321}23s Too,2 =0.143%3{{}s

1500 A

rate

1000 [ " Il ’ ll ‘1
L T
G AR

500 -

b o ——————

0 T s i s

T T T
0.5 1.0 1.5 2.0 illustration of the merger of a black hole with a neutron star. [Carl Knox, 0zGrav ARC Centre of
time (s) bnce)

Yang, Y.-S, Chand, BBZ et al, 2020, ApJ, 899, 60
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How can dig it?

v Prove it is a GRB.
v Assume the GW signal is real (LIGO says so0).
v Find what can make it .




Burst Confirmation

o

Spectral Analysis " jj\_ o
L _ 10t} i

;, = =107

Time Interval CPL i 0100} % 10°}

t ta T E, logNorm PGSTAT /dof S L

0.032 0.143 | —0.927082  94.847712%5" 0.537077  130.1/227 M

().mi; - N ) IO‘I‘ L

. . . . gl =2 2

Advanced mission-independent data analysis tools: 2 0
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Burst Confirmation

GBM-190816 as a short GRB

Observed Properties

Tgo (S)

Peak energy E, (keV)
Total fluence(erg cm™?)
Distance (Mpc)

Isotropic energy E. iso (erg)
Luminosity L iso (ergs™)

f parameter

0.11270 085
94.847 7145
7.38753% % 1078
362 +/— 151
1.1415:45 x 108
1.027585 x 10%
2.58 + / — 0.37

If it looks like a duck, walks like a duck and quacks like a
duck, then it just may be a duck.

(Walter Reuther)
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POSSIBLE SUB-THRESHOLD
GRAVITATIONAL WAVE SIGNAL

Information:
1. L1 and V1 data are available at that time.
2. LVC identified a possible CBC candidate at

2019-08-16 21:22:13.027 UTC. | lieseesnnnnnnnns
3. The network S/N of this sub-threshold event is below 2007
4.
5.

the threshold of GW analysis pipelines, which is 12.
The luminosity distance of the event is constrained to
362+151 Mpc 4097
The lighter compact object of this CBC event may
have a mass < 3 Mo

300 A

Assumptions:

1. One compact object of this CBC event is an NS with a
mass of 1.4 Mo

2. The sensitivity of the L1 detector in O3 is twice of that

Horizon Distance (Mpc)

N
o
o

= Dipor(q)
= [, =362Mpc

I
I — =
in O1. 100 [ - ZL=2§1¢3920— 151Mpc
3. The S/N of the event is 8 and mostly contributed by I —= g=0.502
L1. : « D, =362+ 151Mpc
I = g=5.795
Constraints: ° 1 2 3 4 5 6 7
Follow the FINDCHIRP pipeline (Allen et al. 2012). The a

mass ratio lies in q ~ [2.142, 5.795]




Rate (counts/s)
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What can cause the delay?

(1) Atjet,
delay time to launch a clean relativistic jet. Includes three parts :

(D.The waiting time Atwait for a central object (BH) to form,
@). The accretion time scale Atacc,

@). time Atclean for the jet to become clean.

In the case GBM-180916, at least one BH exists in the pre-merger system so
Atwait is 0.
Atclean ~0 (BH)
Atacc is typically ~ 10 ms.

So Atjet is at most 0.01 s.
(2) Atbo

delay time for the jet to break out from the surrounding medium.
For an NS-BH central engine, Atwo is typically 10 ms to 100 ms.

(3) Atgrs,

delay time for the jet to reach the energy dissipation and GRB emission site.
Atere = R/2cl. <— should mostly account for the delay




* Gravitational Wave GRBs — ZEERE/RNZ{EHR. RFEIE

e Precursors of GRBs — GRB B R Hi1pIE

 SGR-GF GRBs — £ ii8#ciF

* Unknown-Origin GRBs — FR&NFT}IE



Precursors of GRBs

20000.0

2-10123

Rate (Counts/s)
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Time (s)

Zhang B.-B. et al 2018 Nature Astronomy

Precursors can be common: photosphere emission is always there....




Precursors of GRBs
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Precursors can be common: photosphere emission is always there....



Precursors in short GRBs
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Wang, J.-S. ... BBZ, ...et al. 2020, ApJL
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SGR GF GRB 200415A

1st confirmed short GRB that comes from magnetar giant flare

(Not a sGRB from NS-NS, NS-BH merger)

Yang, Jun, Chand, BBZ et al 2020, ApJ, 899,166

23




SGR GF GRB 200415A
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THE ASTROPHYSICAL JOURNAL, 899:106 (11pp), 2020 August 20
© 2020. The American Astronomical Society. All rights reserved.

https://doi.org/10.3847/1538-4357 /aba745
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Rapid spectral variability of agiant flare
fromamagnetarinNGC253

https://doi.org/10.1038/s41586-020-03077-8  O. J. Roberts'™, P. Veres?™, M. G. Baring**, M. S. Briggs?*, C. Kouveliotou®®, E. Bissaldi’®>,

Received: 18 August 2020 G. Younes®?, S. I. Chastain®%, J. J. DeLaunay®, D. H kothen', A. Tol hu',
. 9 P. N. Bhat?4, E. Gégiig'2, A. J. van der Horst>%, J. A. Kennea™, D. Kocevski', J. D. Linford™,
Accepted: 26 October 2020 S. Guiriec®®', R. Hamburg?*, C. A. Wilson-Hodge™ & E. Burns"
Published online: 13 January 2021
™ Check for updates Magnetars are neutron stars with extremely strong magnetic fields (10" to 10*

gauss)'?, which episodically emit X-ray bursts approximately 100 milliseconds long
and with energies 0f10*° to 10* erg. Occasionally, they also produce extremely bright
and energetic giant flares, which begin with a short (roughly 0.2 seconds), intense
flash, followed by fainter, longer-lasting emission that is modulated by the spin period
of the magnetar®* (typically 2 to 12 seconds). Over the past 40 years, only three such
flares have been observed in our local group of galaxies® ¢, and in all cases the extreme
intensity of the flares caused the detectors to saturate. It has been proposed that
extragalactic giant flares are probably asubset’ ™ of short y-ray bursts, given that the
sensitivity of current instrumentation prevents us from detecting the pulsating tail,
whereas the initial bright flash is readily observable out to distances of around 10 to 20
million parsecs. Here we report X-ray and y-ray observations of the y-ray burst
GRB200415A, which has arapid onset, very fast time variability, flat spectraand
substantial sub-millisecond spectral evolution. These attributes match well with
those expected for agiant flare from an extragalactic magnetar’?, given that
GRB200415A is directionally associated® with the galaxy NGC 253 (roughly 3.5 million
parsecs away). The detection of three-megaelectronvolt photons provides evidence
for the relativistic motion of the emitting plasma. Radiation from such rapidly moving
gasaround arotating magnetar may have generated the rapid spectral evolution that

Yang. J, Vikas Chanda, Zhang, B.-B. et al. , 2020, ApJ, .899, 106
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Giant Flare GRBs : Previous Attempts

Vol 438|15 December 2005|doi:10.1038/nature04310 nature
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GRB 200415A: unprecedented data and smoking guns!

THE ASTROPHYSICAL JOURNAL, 899:106 (11pp), 2020 August 20 https: //doi.org/10.3847 /1538-4357 /aba745
© 2020. The American Astronomical Society. All rights reserved.
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HXMT-HE: 80-800 keV
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GRB 200415A: Tiny Lags
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GRB 200415A: Time-Dependent Spectral Analysis

HXMT-HE: 80-800 keV Table 1
Both Time-integrated and Time-dependent Spectral Fittings of GRB 200415A
U'W"M"‘“ﬂ.l‘-h Time Intervals Best Flux mBB Parameters
GBM: 2000-5000 keV (1, 1) (5) Model (ergem s KTin (keV) kT nax (keV) m pgstat/dof BIC
(—0.005, 0.005) mBB 432138 x 1074 39.4078% 807.00°13% —-0.33%317 278.5/350 302.01
Al A L (0.005, 0.200) CPL 2797032 x 1075 27.7541%3! 399.87+§142 0.387940 277.8/350 301.28
GBM: 800-2000 keV (—0.005, 0.200) mBB 4531043 x 1075 34.291%88 542,611 71473 —0.0073%3 279.9/350 303.34
(—0.005, —0.003) CPL 1.997539 x 1074 433271464 40221750458 —~1.18793% 192.1/350 215.55
1 (~0.003, —0.001) mBB 4107338 x 1074 47.96°137° 539.31°94%° —0.8579% 208.5/350 231.98
GBM: 500-800 keV (—0.001, 0.001) CPL 6.617742 x 1074 422974437 789.597 31357 0.45%3% 221.1/350 244,58
' (0.001, 0.005) BB 1797948 x 1074 94.05%}3)5 533.12733778 -0.767433 206.2/350 229.64
(0.005, 0.010) BB 11793 x 1074 68.8577553 298.357 28516 1647990 177.1/350 200.60
_nJI_n_n L1 (0.010, 0.020) CPL 1.167928 x 107* 774211558 3754113237 0.63%93% 218.4/350 24191
GBM: 300-500 keV (0.020, 0.040) BB 5.07:9% x 10- 98.56 4, 273.8071%>° 0.817948 194.2/350 217.66
(0.040, 0.080) CPL 3767988 x 1075 34.3371333 269.6411357 0.8110¢3 257.4/350 280.83
) . L (0.080, 0.120) BB 8387180 x 1076 48.897163¢ 22149787584 —0.837092 195.2/350 218.67
© (0.120, 0.200) PL 378735 x 1076 Unconstrained
= GBM: 200-300 keV
©
Q
8 Time Intervals CPL Parameters BB Parameters
Al mp N n AN n
@ GBM: 150-200 keV (t1, 1) (s) Ton E, (keV) pgstat/dof BIC kT (keV) pgstat/dof BIC
(—0.005, 0.005) —0.28%3% 1118.0971133° 300.2/351 317.79 14045548 458.4/352 470.10
n N (0.005, 0.200) —0.01°992 826.43'32:5 279.1/351 296.68 143.0973% 385.3/352 397.05
—0.005, 0.200, —-0.14753%¢ 926.68 3378 292.3/351 309.92 142.127438 533.5/352 545.27
GBM: 100-150 keV ( ) 0.06 5233 / 403 /
(—0.005, —0.003) 0.363% 393.5312217 196.6/351 214.18 8227138 205.5/352 217.19
n . (—0.003, —0.001) 0.03%532 607.43110%26 217.7/351 235.26 97.8171%%° 237.5/352 249.27
(—0.001, 0.001) —0.007528 1688.2773947¢ 222.6/351 240.22 299.577%% 241.2/352 252.97
GBM: 50-100 keV 046 +134.64 42782
(0.001, 0.005) 0.607038 857.351133% 208.6/351 226.25 182.53 1% 212.4/352 224.10
(0.005, 0.010) 1677988 847.03+12%13 176.4/351 194.05 233.1873222 177.0/352 188.73
1L TP T A (0.010, 0.020) 0.53%39 907.197 3531 220.4/351 238.05 202.231478 227.9/352 239.66
GBM: 25-50 keV (0.020, 0.040) 0.637933 743.53174¢7 194.6/351 212.19 168.98713% 198.8/352 210.55
(0.040, 0.080) 031793 676.907558 257.9/351 275.50 139.89199 273.9/352 285.62
u"lr‘lrh\-o‘"‘ﬂlfb\.r\-oller‘Jlru-'“L: (0.080, 0.120) 0.657932 374.2378% 196.4/351 214.00 85.80+192° 199.0/352 210.70
! (0.120, 0.200) Unconstrained Unconstrained
! BM: 10-25 keV
i Note. The CPL model can be expressed as N(E) = AE"m exp[—E(2 + I})/E,]. The PL model gives an acceptable fit in the time slice between Ty + 0.12 and
i Tp + 0.20 s: Ty, = —1.4470%, pgstat/dof = 179.2/352, BIC = 190.96. Flux is derived based on the best model within 10-10,000 keV for each slice. Here the errors
-0.02 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 correspond to the 1o credible intervals.

T—Ts(S)
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GRB 200415A: Time-Dependent Spectral Evolution

HXMT-HE: 80-800 keV
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GRB 200415A: Time-Dependent Spectral Constraints
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GRB 200415A: Summary of Properties

Observed Properties GRB 200415A

Abrupt rise time ~2 ms

Steep decay time ~8 ms

Too (sharp peak only) 5.887023 ms

Total duration ~200 ms

[pn at peak —0.00702

E, at peak 1688.277393718 keV
Time-integrated 'y, —0.1470:%8

Time-integrated E, 926.6873,73 keV

Total fluence 9.2970:92 x 1076 erg cm ™2
Peak flux 1.117913 x 1073 ergecm 257!
Possible host galaxy Sculptor galaxy (NGC 253)
Distance 3.5 Mpc

Isotropic energy E. s 1.367913 x 10% erg

Peak luminosity L., ;o 1.627021 x 108 erg s~

Yang, Jun, Vikas Chanda, BBZ et al. 2020 ApJ, 899, 106



GRB 200415A: Comparison with Other GF GRB Candidates

Properties GRB 200415A SGR 1806-20 GF GRB 051103 GRB 070201
Location NGC 253 Massive star cluster Msl1 M31
Distance 3.5 Mpc 8.7 kpc 3.6 Mpc 0.78 Mpc
Initial Pulse

Steep rise, ms ~2 ~1 <6 ~20
Decay, ms ~8 ~200 ~40 ~160
Rapid spectral evolution v v v v

CPL photon index Ty —0.2870:0¢ —0.7310%3 0.16°012 —-0.521913
CPL peak energy, keV 1118.0971133° 850712 23007339 360754
BB temperature, keV 140.457888 175 + 25, 116 -

Peak flux, erg cm 2s7!

1117047 x 1073

~5.0,13.1789

(2.8 +£0.3) x 1073

1.617923 x 1073

Peak luminosity, erg s ' 1.6279%% x 1048 0.45(1.19) x 10¥ (4.34 + 0.46) x 10*8 12 x 107
Tail

Tail duration ~150 ms ~380s ~130 ms ~100 ms
Period, s 7.56

QPO Yes, Nature.paper accetped v

BB temperature, keV 143.09733] ~30
CPL photon index T'yp —-0.0119%8 0437038 ~(—=1)
CPL peak energy, keV 826.4373583 530 + 80 ~125
Fluence, erg cm > 544798 x 1076 8 x 1073 2+ 03)x 10°° ~107°

Total fluence, erg cm 2

Total energy, erg

9.297092 x 10°°
1367014 x 104

0.87703%
7.887573 x 10%

(4.4 +05) x 1073
(6.82 + 0.78) x 10%

27079 x 1073
15799 x 10%

References Hurley et al. (2005)
Frederiks et al. (2007a)

Frederiks et al. (2007b)
Ofek et al. (2006)

Mazets et al. (2008)
Ofek et al. (2008)
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Additional Cases?




Additional Cases?

Scaled Two Light Curves
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e Precursors of GRBs — GRB Y2 B4/ 18
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Bottom Lines about short and long

« Short GRBs can be apparently long (because of extended emission/tails)

(so we can ignore the tail, and make a short GRB from a long one )
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Bottom Lines about short and long

« Short GRBs can be apparently long (because of extended emission/tails)
* Long GRBs can be apparently (fat-)short (because of tip of iceberg effect)

ROYAL ASTROI:Q::HCAL SOCIETY ‘ ‘ . ‘ : : @

Mon. Not. R. Astron. Soc. 401, 963-972 (2010) o4 £ - ‘ . | 53¢ j
T

GRB 090426: the environment of a rest-frame 0.35-s gamma-ray burst

at a redshift of 2.609
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Plus, recent GRB 201015A (short+tails)



Bottom Lines about short and long

» Short GRBs can be apparently long (because of extended emission/tails)
* Long GRBs can be apparently short (because of tip of iceberg effect)

e But:

Long GRBs can NOT be genuinely short
if it is really an accretion powered massive star collapsar

( )1/2 2108( 4 )—1/2
32Gp 100gcm—3

Zhang, B.-B. et al 2021, Nature Astronomy,
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GRB 200826A : A Bright GRB

—— Light curve
—— Background

Zhang, B.-B. et al 2021, Nature Astronomy
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a=—0.68

E, = 120keV
F~4.9x10%rg cm™
E._ =71x10"!erg

2

Zhang, B.-B. et al 2021, Nature Astronomy
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Time duration
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™ fj ,% X % FR A i
A successfully theory on GRB 200826A should:
1. reproduce its short duration.
2. not evolve with the tip-of-iceberg effect.

3. explain its all other properties consistently with long GRBs

4. explain why it is rare (1/10000)




Trouble Maker GRB 200826A

How to make it? We don’t know (yet)!

Hints | (1) large density? —> WD —> WD-involved merger? (NS-WD? ) Short
R¥/1 D
tff ~ ( _)1/2 ~ 2108( P )—1/2
32Gp 100gcm—3

(2) Delay between the collapse (“supranova”) and NS-powered short-duration GRB ?

(3) Not accretion powered: NS diff. rotation?

(4) Needs time to breaking stellar envelope : AIGrp = Alepgine — Aljo; = 15 -

(5) Dirty engine: new-born magnetar with heavy baryon loading and mild-relativistic jet




Trouble Maker GRB 200826A
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What if it is not peculiar at all?

T LETTERS a0l
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Transition from fireball to Poynting-flux-dominated
outflow in the three-episode GRB 160625B
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Time to be open-minded about GRB origins

P

>

FRB-related

GRB 200826A
GRB 200415A (Maybe; Zhang et al)
Yanq, J. BBZ et al 2020




