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Old-Type GRBs
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“Expected”

Typical short & long GRBs

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)




l\U/ Old-Type GRBs: What're New?

“Unexpected/Unusal”

Typical short & long GRBs

* Precursors: all-wavelength

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

« SN

 Kilonova: optical, UV (large sample)

* Host: optical , radio , other wavelength (large sample)

* Neutrinos

» Gravitational Waves



New-Type GRBs

Typlcal 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

“New-Type” GRBs

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

« Ultral-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)

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

« Sub-TeV GRBs

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

« SGR GF GRB;

« Unknown-Origion GRBs (trouble makers)




New-Type GRBs

Typlcal 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

“New-Type” GRBs

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

« Ultral-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)

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

« Sub-TeV GRBs

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

« SGR GF GRB; <==

« Unknown-Origion GRBs (trouble makers) <==




New-Type GRBs

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



Precursors in short GRBs
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New-Type GRBs
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Sub-threshold GRBs

(dig out a needle in a haystack)

.......




Subthreshold GRBs More interesting w/ GW

A A Resaarch highlignhts from the oumals
S of the American ASironomical Sacety

H0ME HIGHLIGHTS JOURMNALS DIGEST

(NS-BH event, 2nd GW-EM association
subject to LIGO/Fermi official confirmation)

An Explosive Merger ... Maybe
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Current GW-EM Zoo

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
“I-OGC 151030” Nitz+19

This work =

GCN Circulars




Words from LVC/Fermi

Fermi GBM-190816: A sub-threshold GRB candidate potentially associated with a sub-threshold LIGO/Virgo
compact binary merger candidate

LIGO L1 and V1 identified a possible compact binary merger candidate at 2019-08-16 21:22:13.027 UTC (GPS
Time: 1250025751.027).

The GBM Targeted Search found a sensitive and coherent search for subthreshold GRB-like signals
(GBM-190816) at 21:22:14.563 UTC (our T0), 1.57 s after the GW trigger Time.

GBM-190816:
(. Duration: approximately 0.1 s
(2. Hard spectral template
3. The lighter compact object may have a mass <3 Mo . /\\

@. FAR ~ 1.2 x 104 /{@“
<< Ot
g

GCN #25406



Words from LVC/Fermi

S50% area: 744 deg?
[ 30% area. 3219 deg”?
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Excited Community

Search by

INTEGRAL/SPI-ACS, ANTARES, HAWC, IceCube, Zwicky, AGILE, Fermi-LAT, MAXI/GSC

(Nothing in optcal, High-E, neutrinos, X-ray )



Gamma-ray Caught by 2 of 3 of our
blind-search pipelines
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Independently identified by Rongji Cang (Tsinghua)
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Goal:

Confirm it is a GRB
What kind of merger can produce such a GRB?

What kind of merger can produce such
a marginaly-detected GW signal at 352 Mpc?

What can cause the 1.57 s delay?




Burst Confirmation



Burst Confirmation

[23.3,232.2] ke

%Jwbm jPIL“T 1,

Bayesian Block (BB) (Scargle et al. 2013): -

JIHMW“

The significance level of the burst S/N reached 3.95. -C.4 -

Rate (coumitss)

Signal appears in various conditions.

90

24

e [coartls)

-C.q -0.2 0.0 0.2 2.4
Time since trigger (3)




Multi-wavelegth light curves

Pulse evolution and struture

Burst Confirmation

Scaled counmabin

Time {s)

1.0 (0.5 ni

100350 ke

ol ke, |




Burst Confirmation

Precise Duration

oLl Y :

0

. Yo 4 =0 02220} ' T =032
170 A o Tog : i 3

T90 = 0. 112+O 185

—0.085% i
0025 -20 Al.> -1 AO'S (’C os 1 0
starts at Tog,1 = + Wy
0.032 —0.065%

ends at Too2 = (.143%0.17 o1l

dervewedated s




Burst Confirmation

18 ® LGRS
8 S xJum
7 *  GBAM-190814
6}
f parameter 5}
4t
(a.k.a : tip-of-iceberg effect, L, H.-J. et al. 2012) - 3
f=2.58 + 0.37, typical as a short GRB 2t ¢
f: the ratio between the peak flux and the average 11(; “16 -
background flux
feri: the ratio between the peak flux of a pseudo-burst 7
and the average background flux. : (b) 2 soom

However, there is a non-negligible probability (p ~

0.03.) of being the "tip of iceberg” of a longer short
burst.

rf.«tf




Burst Confirmation




Burst Confirmation

Spectral Analysis " -
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Advanced mission-independnt data analysis tools: i 3y

Input: Time & Location T ¥ 2
OUtpUt: All you need Fermi Data Proccasing Eystem o ' . w ¢ " 1 1 " "

Things Considered: Geometry, Detector Rsp, S/N

Laergy ke
Counts Statistics, BKG Modeling, Noise Uncertainties ... .

LIS oo e

‘oghlornn

Locaiom tircerest

ALL P A A A
THINGS i o
CONSIDERED

bame o Rewdt Polder w

eatve Frot mn,-

s

Soecrd Araivan Maroe

W I HANG

loghlarm

Joh Server




Burst Confirmation

GBM-190816 as a short GRB 10000
1000 b=
CUbserved Properties [
Too :1“: 1727 I[;.Ilnz;)» ; I

R PRI N @q4+114.64 “
Peak energy £, (<eV A "I‘M,‘ A i1 § 100
Total Avence(ergem ™) 7 i.‘:i;‘_ A [ E .
Distance (Mpe) 362 +/— 151 - :
Isotropic energy 7, ., (erg) 1.14% 15 = 10"
Luminosity L- ;.- (ergs ') Lozl it e ot

. 10
f parameter 208 4 /=047 F

: ./ R

GRB 1T0817A +
| GBM-190816 + |
If it looks like a duck, walks like a duck and quacks like a e e

duck, then it just may be a duck. E, .. (erg)

(Walter Reuther)




Burst confirmed.
Concidence established.

UHMUWJ*J“ i e



How to make the burst (EM part)?

Case 1: NS-BH (NS is not swallowed )
Case 2: NS-BH (NS is swallowed)
Case 3: BH-BH

Obs:

Burst Energy



Total mass of the matter left outside Mout:

5
1-2p - p
— 5~ PRisco— + 7’0)

n n

The dimensionless ISCO radius follows

— b
My, = Myq [ max <a

Risco = Riscoc®/GMyys = 3+ Zy = sen (an) [ (3= 21) (3+ 2, +22,)

Dynamical ejecta mass Mayn

My = MY {max 0107 (1= 2608)/ Cs = 20" Risco (zen) + s (1 = Mg/ M3) + ) }

The disc mass Muisc

Mdisc = Mout - Mdyn

The kinetic energy of the jet can be calculated by
EK,jet =€ (1 - é:w) MdiscCZQ‘Iz-If (QH)

NS-BH Merger with Tidal Disruption:
Constraints on Model Parameters

The dimensionless spin of the final BH remnant

XMy + L. (flsCOaZBH,f) Mgy Mys
M2

AXBHf =

The orbital angular momentum per unit mass of a test particle
orbiting the BH remnant at the ISCO

2 — p
Fisco — 2sgn ()(BH,f) XBH,t\/ "1sco T YBu,f
12
v/ T1sco (’_’%sco — 3F1sco + 250 (ypm.) ¥BH.F/ 71sco>

we assume a Gaussian-shape structured jet with an angular
distribution of the kinetic energy and Lorentz factor I following

I, (Fiscos xpr.s) = sgn (7pyr)

dE B . 2 B ‘ 2
9E o) = Ee (eser.;) . T@O)= (T, —1)e (ere..;) 41

dQ

At the viewing angle 6y, the isotropic gamma-ray radiation energy
can be estimated as

Eiso= Eiso(Mns, q, € & .N. I'. Bjet, Bobs,/\N )




NS-BH Merger with Tidal Disruption:
Constraints on Model Parameters
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How to make the marginally detected GW Event?



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. L
3. The network S/N of this sub-threshold event is below
the threshold of GW analysis pipelines, which is 12.
4. The luminosity distance of the event is constrained to 400 1
362+151 Mpc z
5. The lighter compact object of this CBC event may =
have a mass < 3 Mo g 3007
Assumptions: é ok |
1. One compact object of this CBC event is an NS with a = " - g‘"';"_:gm,_,
mass of 1.4 Mo | —_— g 215
2. The sensitivity of the L1 detector in O3 is twice of that 100 - : = ':L_ '03:32 B
in O1. I . a.-= .36-2&‘.51.“_04:
3. The S/N of the event is 8 and mostly contributed by . : - 0=5795
L1. ‘ 1 2

Constraints:
Follow the FINDCHIRP pipeline (Allen et al. 2012). The
mass ratio lies in q ~ [2.142, 5.795]




q~ [2.142, 5.795]:
allows non-tidal-disruption process (large q)

Charged CBC is needed produce the observed GRB
(for cases 2 & 3)



cCBC with Constant Charge
(Plunging NS-BH Merger)

Electric dipole radiation luminosity |
165 0 oy [re(mi)\ [re(ma)
Ln-.-llp = EF ((t'T + ("_-f) ( ~ ) ( : )

a a

Magnetic dipole radiation luminosity
Zhang, B. 2016, 2019

I B 196 ¢ /(hlll] 1 ()-)1“2)2 (I', |[l" ‘)‘ (l‘(‘,)) H
Badip T 875G\ M "\ e a

Isotropic EM luminosity, assuming ny ~ 1

""..iwj = 1]~ l.-r'l'.di]v { I‘“.li[lj

For an NS-BH merger system: Under the following simplest assumptions: (1) only the NS carries a constant
charge; (2) the NS mass is 1.4 Mo; (3) a = amin = rs(msr)+ 2.4rs (Mns ) (rns = 2.4 rs for neutron star) at the merger

time; (4) mass-ratio q lies in [2.142, 5.795]. q'ns lies in [1.25, 1.50] x10-4-

dng ~ "””,";“‘ cosex — (4.4 107N B, PIRIM ) cos a
2vGM
B1s/P-3 should fall in the range of ~ [0.28, 0.34] . Implying that the neutron star has to be a millisecond magnetar.
Disfavored.

Absolute charge Qns lies in [1.75, 2.11] x1026. e.s.u




cCBC with Constant Charge
(BH-BH Merger)

Electric dipole radiation luminosity
165 0 oy [re(mi)\ [re(ma)
Lv.ullp = EF ((l'T + ("_-f) ( L ) ( )

G a

Magnetic dipole radiation luminosity

I 196 ¢ (Gymy + (,"_)mz)2 (l I p2) ) l (I\(.\”) .
Badie T 875G\ M ) a a

Isotropic EM luminosity, assuming ny ~ 1

Zhang, B. 2016, 2019

r . r ,
bim 180 ,,-v |,"|‘,lii]l T "l‘cl]l,

For a charged BH-BH system : Under the following simplest assumptions: (1) the lighter BH has a mass of 2.8
Mo, (2) only the lighter BH carries a constant dimensionless charge.

We constrains: q'sn lies in [6.97, 10.32] x10-5 . The demanded dimensionless charge is comparable to the one
required to explain the putative y-ray event GW150914-GBM.

Absolute charge Qns lies in [1.67, 2.89] x1026. e.s.u




g~ [2.142, 5.795].
allows non-tidal-disruption process (large q)

Charged CBC must at work to produce the observed GRB

Case 1: Constant Charge —
Contrived conditions needed for a BH to carry very large charge.



g~ [2.142, 5.795].
allows non-tidal-disruption process (large q)

Charged CBC must at work to produce the observed GRB

Case 1: Constant Charge —
Contrived conditions needed for a BH to carry very large charge.

Case 2: Increasing Charge —
(Dai 2019)



cCBC with Increasing Charge
(NS/BH-BH Merger)

A BH is immersed in the magnetic field of the NS and gains charge via the Wald mechanism (Wald 1974).
BH may reach the maximal Wald charge when it could transit from the electro-vacuum state to the force-free state.

At this point, four possible pre-merger mechanisms generate y-ray emission:
(Dfirst and second magnetic dipole radiation

(@second magnetic dipole radiation,
(electric dipole radiation,
@magnetic reconnection close to BH’s equatorial plane.

And two possible post-merger mechanisms:
(Dmagnetic reconnection at polar regions

(2BZ mechanism.

Dai 2019, Zhong, S.-Q. et al 2019



Following Dai (2019) and Zhong et al. (2019), we calculate
that the sub-threshold GRB could be produced by the pre-
merger magnetic reconnection or the post-merger BZ
mechanism if the NS’ surface magnetic field log(Bsns/G) >
13.4 and log(Bsns/G) ~ 13.5 — 14.5, respectively.

Given the following conditions:
. The radiative efficiency ny = 1,
@. The mass ratio q = 5.5,

@). The minimal separation between the BH and the

NS amin = 2GMgsnH/c? + rns, and the NS mass Mns = 1.4
Mo and its radius rns = 12 km.

Seems more reasonable

16Q1H, 'l

POIN, 0

cCBC with Increasing Charge
(Plunging NS-BH Merger)




g~ [2.142, 5.795].
allows non-tidal-disruption process (large q)

Charged CBC must at work to produce the observed GRB for cases 2 & 3

Case 1: Constant Charge —
Contrived conditions needed for a BH to carry very large charge.

Case 2: Increasing Charge —
Seems possible.



The GW-GRB Time Delay



GRB 170817A
Duration: 2 s
Delay: 1.7s

GBM-190816

Duration: 0.1 s
Delay: 1.57s

Tsay =002 081s

] "
| T =013k

— i Luree
e kyground




What can cause the delay?

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

(D.The waiting time Atwait for a central object (BH) to form,
2. 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.

Atciean ~ 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



The GW-GRB Time Delay

Implications:

- GBM-190816’s 1.57 s-delay is similar to the 1.7 s-delay in GW170817/GRB 170817A, suggesting Atjet
of ~1.6-1.7 s can be common and due to fact that GRBs happen at large radius (Zhang, B.-B et al 2018, Zhang,
B. 2019).

- 0.1 s peak of GBM-190816 seems to be a tip of iceberg

— iGN CUrve

200¢ - —— background

Tor 2 =0.14320114s

1500 -

= 100C 44

500 -




Table 2. Observational Properties and Derived Cornstrain:s of GBM-190816.

Summary

Observed Properties
Tao (s)

Peak energy B, (keV)
Total fluence(ergem™?)
Ixstance (Mpe)

Isotropic energy F. .. (erg)

Luminosity L. i (e2gs

f parameter

-1
)

0.11249:185
94,84 ] 14,64

7 38T %107
362 4/~ 151
1.145:5¢ x 10%
102555 x 10"
2.58 + / — 0.37

Assumed Parameters

Jet core angle 0, ;
Viewing angle 6,
[}

ma (Mg)

Derived Constrains

assumed 5° (167)
10° — 197 (18° — 24°)
assumaed 100

assumed 1.4

q from GRB

q from GW

my (Mg)

Intrinsic duration(s)
Charge of BH (e.s.u.)

varies

[2.142, 5.795)

varies

1.57

[1.75, 2.11] x10*" (for NS-BH system)
[1.67, 2.89] x10?® (for BH-BH system)

1. A confirmed short GRB, potentially with
GW.

(Sub-threshold is just because of it is far)

2. CBC of BH-NS model parameters can be

constrained.

3. cCBC is also possible but likely with

increasing charge

4. Constant CBC may work better for FRBs.
5. large emission radius can cause the delay

May be the only EM counterpart in O3 so far!
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An Explosive Merger ... Maybe
Iy Susanna Kenipr o & Detnker Sharc: unm

Artals Uvsuration of the merger of @ biack hole vith a rworon star [Carl Knoe, 02Gray ARC Cantre of

Sxellence) )

May be the only EM counterpart in O3 so far!




New-Type GRBs

SGR-GF GRBs




SGR GF GRB 200415A
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1st confirmed short GRB that comes from magnetar giant flare

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

Yang, Jun et al 2020, ApJ
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v Spatially associated with a nearby galaxy @ 3.5 Mpc

v Short, Bright, High E ok » LAT detection



Localization

| .
- S Femi (GRM) - Mars-Odyssay (HFHD)
N \\*.. |I . |I

S N
Wind (Konus) Swit (ga1y | i
‘. Sy ' :
|

Wind {Kunu.s) - Fermi (ZZ?ZBM I

B v
Ve,
L% 'I
s S
e
. ...,
.

IPN location to the Sculptor galaxy : 5.7 arcmin

. .1  Chance probability: 1.3 x 10~° (Bloom et al
e o 2002)

Senlptor Galaxy
NGC 253

! ; | Distance of Sculptor galaxy (NGC 253 ): 3.5 Mpc

Il " Wind [Kuonus) - INTEGRAL (SPI-ACS),

26.0 . | gt | . | .
13.0 12.5 12.0 1.5 1.0 10.5

o, deg
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If a typical merger type GRB really happens at 3.5Mpc ...

typical sGRB flux 1e-7 cgs at Gpc (z=1)

——- >

at 3 Mpc, flux= 1e-2 cgs ! (brightest ever)




Is GRB 200415A a typical short burst at 3.5 Mpc?

Bright; but not as bright as expected

200000 ¢ , Y Plus:
i : —— Llgh:curve
175000+ * . Eackground
0000+ : H : :
S : It is very short, energetic and not following the sGRB track!
-ébU‘JO': T 3= —376‘:'11:1'/': tq ; T,:;::‘l:"j_:;'; ms
£ 200000+ M
= 15000 [‘ \ : Observed Properties GRB 2004154
50000 A\ Abrupt rise time ~2 s
25000 | Steep decay e ~8 I
04 |.".,., (shamp peak anly) SERTI o ms 5_ Sharp Spike
-0.12 .0 101 ( 0.12 0 Tota! duration ~200 ms
() — } 'y ot peak 00N ""'
j ; : e —e | E. at peak 1688.27": '): 5 keV L High Peak Encrgy
500 N e . p— A+ n(l.
| ' / Time-imegrated T, =0 14750
400 & Time-imegrated E, 0:5.68#_,{,? keV
g 0 / 5 Tota! luence 0 “‘)l::;“ L erg cin
§ 200? // Tyy=5.28203 ms | Feak ﬂ'...'; LU oy = .1(2' *‘.c'.'g cm” ‘s  — Large Flux al paak
g 3 { ' Fossible host galaxy Seulptor galaxy (INGC 283)
¥ 1007 ) . Distance 3.5 Mpe
P - ' | Isotropic enerzy L. ., 136755 = 10" erg L Vary Small Energy
- Peak luminosity L. p o 162758 = 10% erg s~
10002 -0.0 2.00 0.01 0.02 0.03

Yang, Jun, Vikas Chanda, BBZ et al. 2020 ApJ, 899, 106
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GRB 200415A : Compared with other GRBs

10000E T v T ™ 3 T =
e /:‘ " )
1000 o -
- J
> J
%
N : E
n:‘r
B ’ - # /./ s ‘ -
p / / ,l' ;
10k L7 ,/,- ’ -
o P =
N ’/ ’ m
/N + GRB 2004154 @ d=3.5 Mpc
' + GRB 2004154 @ d=136 Mx-
| | | N |
1(r¥ 10% 107 107 1n-
F..r,; [Sl'g |

Not typical at all
unless you put it 40
times farther
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GRB 200415A : Compared with other GRBs

10000 - l . — —

.‘y;«;’?-.ﬁ:;- Can it be an off-axis GRB
42 (like GRB 170817A)?

1000F - -

= ol l - Very difficult because
£ | (1) Very high Ep ~ 1.5 MeV
i : (2) Very sharp spike of 5 ms
10f s E
{,‘ ’ + GRB 2004155 @ d=35 Mpc
' + GRB 200415A @ d=136 Mpx-

| | . L P S |
1 10% 107 107 10
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Giant Flare : A Natural Solution

Giant flare from SGR 1806-20 (2004, Dec.
27)

e YR g Ao
. sl M-
R Wl " gmmJ p\ 3 Sharp Spike
4 \w \ F\ LEwIOES Appropriate energy (1046 erqg)
3 : l.h'.n I(anl ] Similar spectral domain
" el
MLHUNC)’ etal. (05)

100 200 300
TME, =

L e— S




Giant Flare Sample

Giant Flares SGR 0526-66 SGR 1900414 SGR 1806-20 GRB 200415A \
Date 1979 March 5 1998 August 27 2004 December 27
Location N49 Cluster Cluster NGC 253
Distance 53.6 kpc 12.5 kpc 3.5 Mpc
Initial pulse
Duration, s ~ 0.25 ~ 0.35 ~ 0.2 ~0.2
Peak luminosity, ergs™ 3.6 x 10* 3.8 x 10 1.19 x 107
[ Energy, erg 1.6 x 10 1.5 x 1044 7.88 x 10" |
"~ Tail i
Duration, s ~ 200 ~ 400 ~ 380 s
Period, s 8.1 5.15 7.56
QPO, Hz 43 o4, 84, 155 18, 30, 92.5
o /




Giant Flare GRBs : Previous Attempts
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GRB 200415A: unprecedented data and smoking guns!
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© GRB 200415A: Tiny Lags

NGO
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Yang, Jun, Vikas Chanda, BBZ et al. 2020 ApJ, 899, 106
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GRB 200415A: Time-Dependent Spectral Evolution
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GRB 200415A: Time-Dependent Spectral Constraints
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GRB 200415A: Summary of Properties

'l')

Observed Properties GRB 200415A

Abrupt rise time ~2 ms

Steep decay time ~8 ms

Tgo (sharp peak only) 5.8875 42 ms

Total duration ~200 ms

I'ph at peak —OOOIL&%E

E, at peak 1688.271391 35 keV
Time-integrated T, —0.14'908

Time-integrated E, 926.68731 1 keV

Total fluence 9.29705% % 10~ erg cm ™
Peak flux LI < 10 ergem 2 57!
Possible host galaxy Sculptor galaxy (NGC 253)
Distance 3.5 Mpc

Isotropic energy F. i 1.36 013 = 10% erg

Peak luminosity /.., 0 1.627021 w 10%¥ erg 5!

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



GRB 200415A: Comparison with Other GF GRB Candidates

Properiies GRB 2004 15A SGR 1806-20 GF GRB 051103 GRB 070201
Location NGC 253 Massive star cluster MS81 M3l
Distance 3.5 Mpc 8.7 koc 3.6 Mpc 0.73 Mpc
Initial Pulse

Steep rise, ms ~2 ~| <6 ~20
Decay, ms ~8 ~200 ~40 ~ 160
Rapid spectral evolutior v J S S
CPL photon index 'y, -0.28"50% -0.73'0%7 0.167512 -0.52103
CPL peak cscigy, keV 1118.09°33%" 350137 2300130 30 5

BB temperature, keV

Peak flux, ergem *s™'

140457388
LICE ] x 107%

175 + 25, 116
~5.0, 131739

28 +03) x 107

161755 = 0°°

Peak luminasity, erg s 1.627931 x 10 0.45(1.19) x 10¥ (4.34 + 046) x 10* 1.2 x 107
Tail

Tail duration ~150 ms ~380 s ~130 ms ~100 ms
Period. s 7.56 .-
QPO 7

RR temperature, keV 143 067327 ~30 .
CPL photon index I, ~0.01°0 e 043700 ~—1)
CPL peak cacigy, keV §26.43°3 55 530 + 80 ~125
Fluence, ergcm - 544708 % 108 §x 10 2+03) x10° ~107°

Total fluence, ergem 2
Total energy, erg

9.2‘)'8;36 « 10°°
1.357013 x 10*

.87 534
7.887337 < 109

44 +05) x10°°
(6.82 + 078) x 10*

2:8% 10
15755 x 104

Refereaces

Hurley et a. (2005)
Fredenks et al. (2007a)

Fredeniks ¢t al. (2007F)
Ofek et al. (2006)

Mzzets ¢t al, (2Z008)
Ofek et al. (2008)




GRB 200415A: Amati Relation

Lr( +riikeV)

Yang, Jun, Vikas Chanda, BBZ et al. 2020 ApJ, 899, 106
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GRB 200415A: LAT Emissions

o GeV afterglow of the GF
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GRB 200415A: Benchmark

Properties GF sGRB
Location

Tiny spectral lag
Significant thermal spectra
Spectral evolution parttern
Similar to giant flare and its candidates
Inconsistent with other short GRBs and contrived jet conditions x
Small duration, energy, radius of emission region
Significant outlier away from the short GRB track X

< S < <L <

<_




© GRB 200415A: Connection to GF Theory

N\

-~

Starquake model: the instability of the interior magnetic field ruptures the magnetar crust. The
crossing time of Alfvén wave is T, ,;;, 2 Rys/V,4 Z 0.1 s (Feroci et al. 2001).

Magnetospheric instability model: the large-scale magnetic reconnection event will last
10°Ry¢/c ~ 1072 s (Parfrey et al. 2013).

The expected expanding fireball emission is consistent with the spectral lag result and spectral
evolution pattern.

The radius of the emission source is calculated to be 27.80 km, which is similar to previous studies
(e.g., Nakar et al. 2005; Ofek et al. 2006, 2008).

12
St E

The magnetic field can be constrained to be < 2 X 10°G via B(Ryg+ AR) < 3A;{3

,1S0

(Thompson & Duncan 1995).



Additional Smoking Guns?
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GRB 200415A: Additional Smoking Guns?

LU

Yes!

A few Nature papers in press (review).




Additional Cases?




Additional Cases?

Yes!
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Yang, Y.-S. et al in prep.
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Additional Cases?
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New Type Unusual GRBs

Trouble Makers:

Unknown-Origin GRBs
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Unusual GRBs
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« 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 )

THE ASTROPHYSICAL JOURNAL, 635: L25-1L2%, 2007 January 20
2 2007, The American Astrononzical Society. All rights reserved. Printed in US A

15-150 keV - ®
(sum of four panels above) 3

380 20

MAKING A SHORT GAMMA-RAY BURST FROM A LONG ONE: IMPLICATIONS FOR THE NATURE OF GRB 060614

BING ZHANG,! BIN-BIN ZHANG."*? EN-WEI LIANG,"* NEIL GEHRELS,” DAvVID N. BURROWS.® AND PETER MESZAROS®’
Received 2006 October 22; accepted 2006 December 13, published 2007 January 4

ABSTRACT



Unknown-Origin GRBs

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

Monthly Notices

Mon. Not. R. Astron. Soc. 401, 963-972 (2010) k _ !
a2 ] L ' £ My h ' 3
1‘- '.Eo'-f,' f-,.l.s..—.'-'«'._-» Py - -5 ;‘.~;'I?'p1'-_.,4_--¢:--‘o';:

GRB 090426: the environment of a rest-frame 0;55-5 éamm;a-ray :burst,
at a redshift of 2.609

Emily M. Levesque,"?* Joshua S. Bloom,* Nathaniel R. Butler,’t Daniel A. Perley,?
S. Bradley Cenko.? J. Xavier Prochaska,* Lisa J. Kewley,! Andrew Bunker,’
Hsiao-Wen Chen,® Ryan Chornock,® Alexei V. Filippenko,® Karl Glazebrook,’
Sebastian Lopez,® Joseph Masiero,' Maryam Modjaz,’f Adam Morgan®

and Dovi Poznanski®

Plus, recent GRB 201015A (short+tails)
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) Unknown-Origin GRBs
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« 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

3% 1p p ~1/2
L ~ (——— ~ 210 s
. (3sz-) oo o p—)
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Trouble Maker GRB XXXXX
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NO Tail and NOT fat Zhang, B.-B. et al 2020 in prep.



Everything looks like a long GRB, except for its definitely short duration!
Zhang, B.-B. et al 2020 in prep.






Summary

“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

“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)

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

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

« SGR GF GRB; <==

« Unknown-Origion GRBs (trouble makers) <==
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