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Fu i Outbursts

QOutbursts

« Emissions increase ~3 orders of magnitude ;
e L ~ 1036erg st _‘ ‘

Fast rise in flux (hours — days)

« Slower decay (weeks - years)
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Magnetar
Outbursts

« Radiative anomalies
« Spectral hardening
« Decrease in pulse fraction

- Timing anomalies
« Spin-up “glitch”
« “anti-glitch’
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Short Bursts
« The most common emission

-

« Thousands clustered together (Soft Gamma
Repeaters) "
« A handful of bursts (Anomalous X-ray
Pulsars) or none '\"
« Durations: ~ms
« L ~10%- 104 erg st
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Magnetar Short
Bursts

Time profiles of some
SGR 1900+14 and
SGR 1806-20 —

short bursts
(on 7 ms timescale)
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- Starquakes

Atmosphere
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Number of events

Magnetar Short
Bursts
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Fluence distribution: Gutenberg-Richter power law.

The frequent starquakes needed to produce SGR events
require an energy source that can maintain a high level
of strain in the crust. A possible candidate for this source
is an evolving, super-strong stellar magnetic field of flux
density ~ 101> G
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- Transient activity of magnetars

Outbursts ‘

« Tens to thousands of bursts in short succession r i\ :
; - Minutes - days
& - L~ 10%-10%erg s

IR Magnetar Giant Flares [
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Burst Storms

3000 — FAST Session (3)

SGR 1935+2154

10

20
minutes since 2020-04-28T00:00:00

50

Gamma-ray Fermi

Radio FAST

™
—~— ﬁ
c
o S
H I
8 &
@ L
1 1 1 1 I Ll 1 L L [l
28

Days in 2020 April

Lin et al. 2020

12



Burst Storms

3000 — FAST Session (3)

SGR 1935+2154
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- Transient activity of magnetars

Outbursts |

—
.

Magnetar Giant Flares (MGFs)

Prompt (~0.1 ms) emission
Lpeak ~ 10** —10*% ergs™*
7 observed: 3 Galactic, 4 Extragalactic

Inferred volumetric rate: Rygp = 3.8749 x 105Gpc—3 yr—1
Magnetar Giant Flares [N
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Galactic MGFs
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Galactic vs. Extragalactic MGFs

Galactic MGFs:

« Prompt (ms) emission

 Followed by periodic tail

Extragalactic MGFs:

« Current instrumentation has not detected
periodic tail emission

 Many could be masquerading as short
GRBs

« Identification requires spatial alignment
with nearby star forming galaxies




Extragalactic MGF Candidates

GRB 051103 GRB 070201 GRB 070222 GRB 200415A
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" NGC 253

* Peak rise time: ~1-4 ms « No optical transients detected: SN origin ruled out
« Burst duration: ~40-180 ms - No gravitational wave: Binary NS merger excluded
Eiso ~ 1.5 X 10%°erg — 9.2 x 10*®erg « Multi-pulse variability observed in three most recent
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Count Rate (count/s)

Extragalactic MGF Candidates

Two new candidates!

GRB 180128A
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Localized to NGC 253
Eiso = 3.9 X 10*°erg (Trigg et al., 2024)

Count Rate (count/s)

GRB 231115A
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« Localized to M82

Eiso = 2.2 X 10*°erg (Trigg et al., in preparation;
Mereghetti et al., 2023; Wang et al., 2023)
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Extragalactic MGF Candidates

¢ 231115A
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Grawtatlonal Waves (GW)

A,,/‘"'?MGF talls exh|b|t qua5| perlodlc oscnllatlons (QPOs) '-' in e
5> Attributed to Wlth quakes ln NS crust (NS modes) (Abbot et aI 2008 Levm etal 20i1; Abadle et aL zo12)

-

i GRB 7903058 | GRB 980827 GRB 051103 Ly
B QPO frequencies (Hz) 28, 54, 84, 155 18, 30, 92.5, 150, 625, 1480 SRS s 5
Fundamental f—modes plauS|bIe sources for GW : SN oo
S PreVIous searches reported upper Ilmlts (Abbot et aI 2008 Abadle et aI 2012) :

GW detector network was ~100x Iess sen51t|ve

— Next generation detectors will be ~10,000x" Increase P

sen5|t|V|ty from past to future mterferOmeters (Burns etal,, 2023)

. ~ %
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Burst Storms

Fast radio burst observed from SGR 1935+2154
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Effective Area (cm?2)

_Extragalactic MGF tails
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Rapid repointing of existing/future instruments could recover the tail

— lead to unambiguous identification of extragalactic MGFs
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Negro et al. (submitted)
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