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A (not-very-recent) new-type GRB 060614
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A (not-very-recent) new-type GRB 060614
and efforts to explain it in the standard models
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“Making a Short Gamma-Ray Burst from a Long One”

Zhang, B, Zhang, B.-B. et al. 2017, ApJL.
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Why were we so obsessed
with making a merger event shorter?

because we do not have so much freedom in the central engine time scale
(if it is accretion powered): 3
It
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For NS: p = 10'"*gem™3; t¢f ~ 0.2ms



Why were we so obsessed
with making a merger event shorter?

because we do not have so much freedom in the central engine time scale
(if it is accretion powered): 3T[
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For NS: p = 10'"*gem™3; t¢f ~ 0.2ms
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Accumulated counts Counts per second
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—— GBM-GRB 211211A
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—— GBM-GRB 211211A
Main emission
o Extended emission
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NS+WD merger as origin for oddball GRBs
(211211A, 230307A)

» rare NS-WD combination : requires g=mwbp/mns~1; produces a magnetar;
neutron-rich wind launched during AIC of the WD to the NS.

« ME - initial accretion phase (few sec)
« EE — magnetic bubbles (Kluzniak & Ruderman 1998; Ruderman 2000)
» X-ray Plateau — spin-down power of the long lasting central engine

« KN — engine-fed kilonova; energy injection from the magnetar central engine



NS+WD merger as origin for oddball GRBs
(060614, 211211A, 2%0307A)

» X-ray Plateau — spin-down power of the long lasting central engine

« KN - engine-fed kilonova; energy injection from the magnetar central engine
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NS+WD merger as ori%in for oddball GRBs
(060614, 211211A, 2

0307A)

Additional evidence of magnetar emergence in GRB 230307A
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Any alternative models?
e.d., NS+BH + fallback+MAD
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But fails on anti-correlation luminosity and duration, X-ray plateau, magnetar



Long-duration Type-| GRBs; probably due

(e
NS+WD merger



Magnetar GF, non-GRB

Long-duration Type-| GRBs; probably due
to
NS+WD merger



extremely short, close-by (3.5 Mpc), off-track in Ep-Eiso, no KN
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extremely short, close-by (3.5 Mpc), off-track in Ep-Eiso, no KN

+ Type-IGRBs [/~
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a comptonized fireball bubble

Table 3. Time-integrated and Time-resolved Spectral Fittings of GRB 231115A
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Magnetar GF, non-GRB

MGF GRBs are likely from a comptonized fireball
bubble



Magnetar GF, non-GRB
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—— Light curve
—— Background
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An otherwise perfect collapsar GRB with SN,
except for its extremely bright sharp peak lasting for 1 second

(tip of the iceberg not likely).

Zhang,B.-B et al 2021, Nature Astronomy, Tomas et al.. 2021,Nature Astronomy,



Short-duration Type-ll GRB 200826A

challengeable to make it short if
it is really accretion powered:

tff o~ ( ot )1/2 o~ 2103(
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Short-duration Type-ll GRB 200826A

challengeable to make it short if
it is really accretion powered:

3 o
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Two options to make a 10-s Collapsar GRB short:
 Increase baryon flavorsin the jet (week jet; low S/N)
« Allocate dedicated 9s to facilitate breakout (coincidence).



Short-duration Type-ll GRB 200826A

Credit: NASA/GSFC

Two options to make a 10-s Collapsar GRB short:
 Increase baryon flavorsin the jet (week jet; low S/N)
« Allocate dedicated 9s to facilitate breakout (coincidence).



Short-duration Type-ll GRB 230812B
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Short-duration Type-ll GRB 230812B
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Short-duration Type-ll GRB 230812B,
typical sync.
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Towards a more physical classification

o Peculiar Core-Collapse Type-ll GRB
GRB 200826A (B.-B. Zhang et al. 2021 NA

Criterion Merger/ T'ype |

—— Light curve
— Background

Core-collapse/l'ype 11 _

Duration usually short, but can usually long, can be short

have extended emission

(tip of iceberg)

on average hard (soft tail) on average soft

Spectrum

Spectral Lag
E"y,'isa

Ep — E'y,'iso

LP

Y,180

—lag

usually short

on average low

on short GRB track
usually off Norris relation

usually long, can be short
on average high

on long GRB track
usually on the relation

SIN/KN association
Medium type
EK ,1S0

Jet angle
E’Y and F K

KN

usually low-n ISM

on average low
on average wide
on average low

SN
wind or usually high-n ISM
on average high
on average narrow
on average high

Counts per second

N )
o o
o o
o o
o o

o

—— GBM-GRB 211211A
Main emission
Extended emission

Host galaxy type elliptical, early, or late usually late

SSFR from low to high
Oftset outskirts or “hostless”

usually high
well inside 200000 —————

] 1 1

175000 4 i E Background
1 1 [

150000 -

on average high z FH56D

z-distribution on average low z
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75000 -

collapsar? 50000

/hang,B., Zhang B.-B., et al 2007, 2009

GW association BH-NS, NS-NS, WD-NS?




Towards a more physical classification

Peculiar Core-Collapse Type-ll GRB
GRB 200826A (B.-B. Zhang et al. 2021 NA)

Criterion

Merger/ T'ype | Core-col]apseﬂ‘ ype 11

—— Light curve
— Background

usually skort, but can

Duration usually long, can be short

have exteaded emission

(tip of iceberg)

on average hard (soft tail) on average soft

Spectrum

Spectral Lag usually short

E"y,'isa
Lp — By iso
L’P

Y,180

usually long, can be short

on average high
on long GRB track
usually on the relation

on average low
on short GRB track
—lag usually off Norris relation

Merger/ Core-collapse/

SIN/KN association KN SN

Medium type usually low-n ISM wind or usually high-n ISM

—— GBM-GRB 211211A
Main emission

EK,?JSG
Jet angle
E’Y and EK

on average low
on average wide
on average low

on average high
on average narrow
on average high

Counts per second

o
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Oftset
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/hang,B., Zhang B.-B., et al 2007, 2009

GW association BH-NS, NS-NS, WD-NS?




Towards a more physical classification

o Peculiar Core-Collapse Type-ll GRB

Core-collapse/T'ype 11 GRB 200826A (B.-B. Zhang et al. 2021 NA)

Criterion Merger/ T'ype |

—— Light curve
— Background

Duration

Spectrum
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Er ico
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Y,180

—lag

usually skort, but can
have exteaded emission
on average hard (soft tail)

usuglly short
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on shdfrt GRB track
usually off Norris relation
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(tipﬁ iceberg)
on average soft
usually long, can be short
on average high
on long GRB track
usually on the relation

SIN/KN association
Medium type
EK ,1S0

Jet angle
E’Y and F K

\/KN

usuallvlow—n ISM

on average low
on average wide
on average low

Merger/

Core-collapse/

SN
wind or usually high-n ISM
on average high
on average narrow
on average high

Counts per second

N )
o o
o o
o o
o o

o

—— GBM-GRB 211211A
Main emission
Extended emission

Host galaxy type ellipticﬂ/, early, or late usaally late

SSFR from Jow to high
Offset outski

usually high

or “hostless” wall inside o
—— Light curve

] 1 1

175000 4 i E Background
1 1 [

150000 -

on average high z FH56D

z-distribution on average low z
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75000 -

collapsar? 50000
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GW association BH-NS, NS-NS, WD-NS?




Towards a more physical classification
o Peculiar Core-Collapse Type-ll GRB

GRB 200826A (B.-B. Zhang et al. 2021 NA

—— Light curve
— Background

Criterion Merger/ Type | Core-collapse/l'ype 11 i

Duration usually sk.ort, bllg can usually lo&@, can be short
have exteaded erNission (tip Of iceberg)
Spectrum on average hard (soft tail) on average soft
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B ioo on avprage low on average high
b — B oo on shafrt GRB@ on long GRE@ O
p "
L2 o102 usually off Norris 10N usually on the 10N
Merger/ Core-collapse/

SIN/KN association \/KN SN
Medium type usuallvlow—n ISM wind or usually high-n ISM

BiR is6 on average low on average high

—— GBM-GRB 211211A
Main emission
Extended emission

N )
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o

Jet angle on average wide on average narrow

Counts per second

E., and Ex on average low on average l;i[h
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Offset outski
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—— Light curve
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Towards a more physical classification
o Peculiar Core-Collapse Type-ll GRB

GRB 200826A (B.-B. Zhang et al. 2021 NA)

Criterion Merger/ T'ype | Core-collapse/l'ype 11

—— Light curve
— Background

Duration usually sk.ort, brlg can usually lo&@, can be short
have exteaded erNission (tip Of iceberg)
Spectrum on average hard (soft tail) on average soft

Spectral Lag usuglly short usually long, can be short

B iso on avprage low on average high

Ey — BEq oo on shart GRB@ on long G
L .. —lag usually off Norris 10N usually on the 10N

Y,180

. " Merger/ Core-collapse/
SIN/KN association KN SN

Viedium type usua ow-n 151V wind or usually nigh-n
— GBM-GRB 211211A

Main emission
Extended emission

BiR is6 on average low on average high

Jet angle on average wide on average narrow

o

Counts per second
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SSFR from Jow to high usually hi
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] — Light curve
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GRB 211211A-like Events and
How GWs May Tell Their Origins

« NS-BH merger : detectable by ground-
based detectors

« NS-WD merger: detectable by decihertz
space GW detectors

« NS-WD merger: detectable by millihertz
space GW detectors at ~ 3 Mpc ;
(LISA, Taiji and TianQin)

Yin, I. H, et al. 2023, ApJL In press, arXiv:



New Types of Gamma-ray Bursts

Push our New Understandings about their
Origins & Mechanisms

Towards a more physical classification ... corecolanse Type-n crE

GRB 200826A (B.-B. Zhang et al. 2021 NA)
Criterion Merger/ Type | Core-collapse/T'ype 11 T

—— Light curve
—— Background

Duration usually sl ort, bllg can usually lov, can be short
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Jet angle on average wide on average Narrow
E., and Egk on average low on average high
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| — Extended emission
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o
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Let’'s expecting more news, when we meet
again!

The 3rd Nanjing GRB Conference

May 21-25, 2024 , Suzhou, China

New transients,
New missions,
New ideas.

Since the 2nd Nanjing GRB conference held in 2019, significant strides
have been made in the field of Gamma-Ray Bursts. The detection of several
distinctive GRBs, including the unprecedented "Brightest of All Time" GRB
221009A, has been continuously driving this vigorous field. In May 2024,
we will gather once again in the beautiful city of Suzhou with the aim of
summarizing and discussing the recent progress, both in the fronts of new
observations and theoretical modeling. It will also highlight the initiatives
and the results of some existing, newly launched or anticipated
space/ground-based missions/telescopes, with a strong focus on their
connections to multi-messenger astrophysics.

Find out more about Previous Nanjing GRB Conference series

http://grb2024.org




