
GRB 200415A
And the third class of gamma-ray bursts
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11.4 Million years ago…

SUN

15 Million light-years from the Sun
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11.4 Million years ago…

 4



~2 Million years ago…
Homo habilis populates the planets when the 
photons emitted by the magnetar are about 2 
million light years away…

~0.6 Mpc away
SUN

15 Million light-years from the Sun
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Sculptor Galaxy

Caroline Hershel discovered Sculptor galaxy
1783…

 6



Sculptor Galaxy …aka NGC 235
 7



1783…
The photons from the magnetar are only 73 parsec away 

d(Sun, Proxima Centauri)     

X 53 
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15 April 2020… 
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15 April 2020… 

Fermi

Swift

Konus
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From SGRs to magnetars
Historically, magnetars first appeared in astronomy under the names soft gamma repeaters. 

First published report in 1979: repeated bursts were seen by hard X-ray/soft gamma-ray instruments 

Thompson & Duncan (1995, 1996): 

SGR phenomena are nicely explained by spontaneous magnetic field decay serving as an energy source for 
the transient bursts and outbursts as well as for the persistent emission seen in these sources. 

Thompson & Duncan (1995, 1996) 

Predicted magnetic field:

Magnetic field B = 1014 - 1015 Gauss (x100 pulsars)
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Known Magnetar population
✴ 30 magnetars (10% of the young neutron-star population)
✴ Close to the Galactic plane: very young (v~200 km/s) 
✴ High spin down timescale ~a few thousand years
✴ Periods range: 0.3-9 seconds
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Magnetars outbursts

March 5, 1979 enormous flare in 
Large Magellanic Cloud

Venera 12 space probe. (E.P. Mazets et al., 1979, Nature 

✴ Bursts — Energy released ~ 1037 - 1040 ergs  
✴ Giant Flares — Energy released ~ 1044 - 1046 ergs 

December 27, 2004 exceptionally 
bright flare from SGR 1806−20 

Hurley, K et al, Published in Nature (2005) 15
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Gamma-ray bursts

T90 = The time taken to accumulate 90% of the burst fluence starting at the 5% fluence level.

Short LongT90 = 2 s
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Gamma-ray bursts

Credit: NASA/SkyWorks Digital Credit: NASA Goddard / CI Lab Credit: NASA/SkyWorks Digital Credit: NASA Goddard / CI Lab

T90 = The time taken to accumulate 90% of the burst fluence starting at the 5% fluence level.

Short LongT90 = 2 s

1998: Long GRBs come from a rare type of core-
collapse supernova (Collapsars), proven by 
BeppoSAX and follow-up observations.

2017: Short GRBs come from neutron star mergers, 
proven by LIGO, Virgo, Fermi, and INTEGRAL.
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Inter Planetary Network
The InterPlanetary Network (IPN) is a group of spacecraft equipped with gamma-ray burst (GRB) detectors

Since 1990:  Third IPN (IPN3)

Today, the main spacecraft contributing:
✴ Konus-WIND,  
✴ 2001 Mars Odyssey, 
✴ INTEGRAL  
✴ Swift
✴ Fermi
✴ BepiColombo. 

http://www.ssl.berkeley.edu/ipn3/index.html

By timing the arrival of a burst at several spacecraft, its precise 
location can be found.

Each pair of spacecraft, like S1 and S2, gives an annulus of possible arrival directions whose center is defined by the 
vector joining the two spacecraft, and whose radius theta depends on the difference in the arrival times divided by 
the distance between the two spacecraft.
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https://en.wikipedia.org/wiki/Spacecraft
http://www-spof.gsfc.nasa.gov/istp/wind/
http://marsprogram.jpl.nasa.gov/odyssey
http://integral.esac.esa.int/
http://swift.gsfc.nasa.gov/docs/swift/swiftsc.html
http://fermi.gsfc.nasa.gov/ssc
http://sci.esa.int/web/bepicolombo


Localization of GRB 2000415A
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IPN localization of GRB 2000415A
20 arcmin2 
(3 sigma error)

Svinkin, D., et al. 2021, Published in Nature 23



GRB 2000415A spectral evolution
GRB 051103 - M81 
GRB 200415A - Sculptor (NGC 253)
✴ start with a sharp rise of an exceptionally bright, narrow 

(4 ms) initial pulse (green)

✴ followed by an exponential decay 

✴ At inferred distances, the energy released ~ Galactic 
MGF (SGR 1806-20), but higher peak luminosity and > x5 
more luminous

✴ No astrophysical signal with these temporal, spectral 
properties and energetics have ever been reported

✴ the most significant candidates for 
extragalactic magnetar giant flares 

Svinkin, D., et al. 2021, Published in Nature 24



Fermi-GBM detection

O.j. Roberts, et al. 2021, Published in Nature

Epeak ~ 1.5 MeV

Typical value for 
SGRB is ~ 0.6 MeV

Spectral index ~ 0

Typical value for 
SGRB is ~ -0.4

Sub-ms spectral 
evolution 
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What did trigger the Fermi-LAT
Receiving the circular about the gamma-ray burst, automatically triggers the search in LAT data:

✴ Region of interest: (12x12)deg around Fermi-GMB localization
✴ 10-500 2 after the trigger (time inside the LAT FoV)

LAT Collab (MN). 2021, Published in Nature Astronomy 27



What did trigger the LAT
✴ H0: LAT photons coming from background
✴ H1: LAT photons coming from a source (at 

different positions, power-law spectrum)

Study the localization of the γ-ray signal observed by the LAT: likelihood analysis and Test Statistics

TS = 2(log(L(H1))� log(L(H0)))
<latexit sha1_base64="AxzRKwaZFNEHPLMdVSHEKAS8CVc=">AAACCXicbVC7TsMwFHXKq5RXgJHFokJKBqqkIMGCVMHSgaGIvqQ2qhzXaa06TmQ7SFXUlYVfYWEAIVb+gI2/wW0zQMuRrnR8zr3yvcePGZXKcb6N3Mrq2vpGfrOwtb2zu2fuHzRllAhMGjhikWj7SBJGOWkoqhhpx4Kg0Gek5Y9upn7rgQhJI15X45h4IRpwGlCMlJZ6JqzfwytYhhaLBtatVXVtG57C7OHYtt0zi07JmQEuEzcjRZCh1jO/uv0IJyHhCjMkZcd1YuWlSCiKGZkUuokkMcIjNCAdTTkKifTS2SUTeKKVPgwioYsrOFN/T6QolHIc+rozRGooF72p+J/XSVRw6aWUx4kiHM8/ChIGVQSnscA+FQQrNtYEYUH1rhAPkUBY6fAKOgR38eRl0iyX3LNS+e68WLnO4siDI3AMLOCCC1ABVVADDYDBI3gGr+DNeDJejHfjY96aM7KZQ/AHxucPBMqVdA==</latexit>

TSmax=29: 
RA = 11.13°, dec. = −24.97° (J2000) 

Detection significance:

TSdistrib =
1

2
�2
2 ! 5.0�

<latexit sha1_base64="5c6hECAbNdxnCZUVpvVAPf6aNwI="></latexit>

LAT Collab (MN). 2021, Published in Nature Astronomy 28



What did trigger the LAT
✴ H0: LAT photons coming from background
✴ H1: LAT photons coming from a source (at 

different positions, power-law spectrum)

Study the localization of the γ-ray signal observed by the LAT: likelihood analysis and Test Statistics

two orders of magnitude brighter 
than the non-variable flux of Sculptor

Typical LAT detected SGRB

LAT Collab (MN). 2021, Published in Nature Astronomy 29



What did trigger the LAT
How likely is the detected source to be associated to NGC 253?

4 sources in the 99% circular region from TSmax:
✴ IC1576
✴ IC1578
✴ IC1582 
✴ NGC253 

r↵,� =
d

r68
<latexit sha1_base64="Yp+bMTl8QPlfq3uCN10i8hEln08=">AAACDHicbVDLSsNAFJ34rPVVdelmsAgupCRVtBuh6MZlBfuAJpSb6aQdOpmEmYlQQj7Ajb/ixoUibv0Ad/6N0zYLbT0wcDjnXO7c48ecKW3b39bS8srq2npho7i5tb2zW9rbb6kokYQ2ScQj2fFBUc4EbWqmOe3EkkLoc9r2RzcTv/1ApWKRuNfjmHohDAQLGAFtpF6pLHupCzwewqnrUw0ZvsJuIIGk/Sw13kUty0zKrthT4EXi5KSMcjR6pS+3H5EkpEITDkp1HTvWXgpSM8JpVnQTRWMgIxjQrqECQqq8dHpMho+N0sdBJM0TGk/V3xMphEqNQ98kQ9BDNe9NxP+8bqKDmpcyESeaCjJbFCQc6whPmsF9JinRfGwIEMnMXzEZgqlCm/6KpgRn/uRF0qpWnLNK9e68XL/O6yigQ3SETpCDLlEd3aIGaiKCHtEzekVv1pP1Yr1bH7PokpXPHKA/sD5/AKSDm1w=</latexit>

Likelihood Ratio (LR) method:
ang. dist. between the γ-ray localization 
α and the counterpart candidate β 

γ-ray location uncertainty 
(at the 68% confidence level) 

The probability that β lies at a distance

 from α is distributed as a Rayleigh distribution:

r↵,� =
d

r68
<latexit sha1_base64="Yp+bMTl8QPlfq3uCN10i8hEln08=">AAACDHicbVDLSsNAFJ34rPVVdelmsAgupCRVtBuh6MZlBfuAJpSb6aQdOpmEmYlQQj7Ajb/ixoUibv0Ad/6N0zYLbT0wcDjnXO7c48ecKW3b39bS8srq2npho7i5tb2zW9rbb6kokYQ2ScQj2fFBUc4EbWqmOe3EkkLoc9r2RzcTv/1ApWKRuNfjmHohDAQLGAFtpF6pLHupCzwewqnrUw0ZvsJuIIGk/Sw13kUty0zKrthT4EXi5KSMcjR6pS+3H5EkpEITDkp1HTvWXgpSM8JpVnQTRWMgIxjQrqECQqq8dHpMho+N0sdBJM0TGk/V3xMphEqNQ98kQ9BDNe9NxP+8bqKDmpcyESeaCjJbFCQc6whPmsF9JinRfGwIEMnMXzEZgqlCm/6KpgRn/uRF0qpWnLNK9e68XL/O6yigQ3SETpCDLlEd3aIGaiKCHtEzekVv1pP1Yr1bH7PokpXPHKA/sD5/AKSDm1w=</latexit>
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The probability that β is a background source by chance 

close to the position α follows a linear distribution with

r↵,�e
�r2↵,�/2
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LAT Collab (MN). 2021, Published in Nature Astronomy 30



What did trigger the LAT
How likely is the detected source to be associated to NGC 253?

Likelihood Ratio (LR) method:

LR = 2.1 (IC 1576), 

LR = 2.9 (IC 1578) 

LR = 0.3 (IC 1582) 

LR = 60 (NGC 253) 

LR =
e�r2↵,�/2

N( m�)A
<latexit sha1_base64="b9KJZyTLC3AlxvJ7mGvLeq07wjY="></latexit>

4 sources in the 99% circular region from TSmax:
✴ IC1576
✴ IC1578
✴ IC1582 
✴ NGC253 

LAT Collab (MN). 2021, Published in Nature Astronomy 31



What did trigger the LAT
How likely is the detected source to be associated to NGC 253?

4 sources in the 99% circular region from TSmax:
✴ IC1576
✴ IC1578
✴ IC1582 
✴ NGC253 

Likelihood Ratio (LR) method:

False Alarm Rate
Assuming that the emission is from a SGRB, FAR 
= P-values X SGRB rate observed by the LAT. 

LAT Collab (MN). 2021, Published in Nature Astronomy

1/(3000 yr) — 1/(54000 yr)

 32



What did trigger the LAT
How often did we observed a triplet of photons above 100 MeV in a 500 second time window in the past 12 years? 

Δt = 264.87 s Period of the Fermi 
orbit (5,790 s)

LAT Collab (MN). 2021, Published in Nature Astronomy 33



GeV signal delay
Only two other GRB (both short) detected by the LAT happened with such a big delay from the GBM trigger

LAT Collab (MN). 2021, Published in Nature Astronomy 34



GeV signal delay
The delay suggests that the prompt MeV emission and the GeV emission are not generated in the same region.

LAT Collab (MN). 2021, Published in Nature Astronomy 35



Proposed scenario
The delay suggests that the prompt MeV emission and the GeV emission are not generated in the same region.

✴ Huge energy release: ~1047erg:
     creates a very hot plasma (trapped radiation and 
     e+e- pairs).

✴ The plasma accelerates under radiation pressure:
     “transparent” at R>108cm.

✴ Radiation escapes: spectrum spike (peaked at MeV)

✴ Cloud of particles: outward flow bulk 
Lorentz factor Γej ≈ 100; 
kinetic energy of ~3 × 1046 erg.

Proposed scenario: 
GeV emission is associated with the collision between 
an ultra-relativistic outflow from the MGF and an 
external shell of swept-up material. 

LAT Collab (MN). 2021, Published in Nature Astronomy 36



The delay suggests that the prompt MeV emission and the GeV emission are not generated in the same region.

Proposed scenario: 

✴ During magnetar quiescent state a continual wind 
sweeps up interstellar gas : creates a shell at a 
distance Rbs ≈ 8 × 1015 cm

✴ MGF outflows collides with the bow-shock shell

✴ propagates inside the bow-shock: electrons are 
accelerated to relativistic energies and

✴ emit synchrotron radiation up to GeV energies in 
shock-generated magnetic fields:

     peak emission duration Rbs=2Γ2
shc ︎~ 400s

     bulk Lorentz factor of the forward shock Γ2
sh =20

Proposed scenario

LAT Collab (MN). 2021, Published in Nature Astronomy 37



OUTLINE

1. Something about Magnetars

2. GRB 200415A GeV detection

3. Extragalactic magnetar giant flares population
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GRB 790305B

GRB 980827

GRB 041227

Extragalactic MGFs and GRB
Known nearby  MGF sample: HIGH INTRINSIC RATE!

Extragalactic counterparts 
observed as GRBs

Set lower bound: 
SGRB to have MGF origin > 1%*

Only two extragalactic MGF 
candidates in literature: 

GRB 051103
GRB 070201

Set upper bound: 
SGRB to have MGF origin < 8%*

SGRB

* These studies and tehir conclu- sions generally assumed that the brightest MGFs could be detectable to tens of Mpc. 

E. Burns et al. (MN). 2021, Published in Ap. J. Letters 40



Extragalactic MGFs and GRB

Loss of the smoking gun signature
PROBLEM:

* within 50 Mpc

We carried out a study based on spatial information:
SGRBs with MGF origin have to be consistent with local* known galaxies

How to understand that MGFs are progenitors some SGRB? 

E. Burns et al. (MN). 2021, Published in Ap. J. Letters 41



Galaxies sample

+ supplement <10 Mpc with the Local Volume Galaxy (LVG) Catalog
+ SFR, ang. ext. from Census of the Local Universe (CLU) Catalog 

z=0 Multiwavelength Galaxy Synthesis:      z0MGS = GALEX (UV) + WISE (IR)

>100,000 galaxies

Info for each galaxy:
✴ Position —>
✴ Angular extent (if > any resolution = ellipse)
✴ Star formation rate (SFR)
✴ 0.5-200 Mpc

(RA, DEC, d)

E. Burns et al. (MN). 2021, Published in Ap. J. Letters 42



GRB sample

+ additional info from the IPN
CGRO-BATSE + Konus-WIND + Swift-BAT + Fermi-GBM

250 SGRB

Fermi

Konus

Swift

CGRO

* this work required additional 100 IPN locations: provided in the paper

✴ SHORT!  (T90 < 2 s)
✴ Bolomertic fluence at Earth(1 keV - 10 MeV) —>
✴ Well localized (from all available info, IPN*)

GRB selection 
and info: S

E. Burns et al. (MN). 2021, Published in Ap. J. Letters 43



The search

Likelihood that a given GRB has an MGF origin: ⌦ =
4⇡

P
i P

GRB
i PMGF

i

Ai
<latexit sha1_base64="M2L8COAKWUxRe05RdeKBjJ4ODrY="></latexit>

GRB probability distribution function at the ith sky position: PGRB
i

<latexit sha1_base64="/KvE65hRamalLv5AlX5o0LhLUmQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh5LPeixiv2Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Grqt56o0iyS92YcU1/ggWQhI9hY6aHeY4/p9V1t0iuW3LI7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns4Ak6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhJd+ymScGCrJfFGYcGQiNP0e9ZmixPCxJZgoZm9FZIgVJsZmVLAheIsvL5NmpeydlSu356VqLYsjD0dwDKfgwQVU4Qbq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9hCZAh</latexit>

PMGF
i

<latexit sha1_base64="olSxkucP6m2tE/ZXCWpRjyWGO3I=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LgnoRKtgPadeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4g508Z1v53c0vLK6lp+vbCxubW9U9zda+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDC8nfvOJKs0ieW9GMfUF7ksWMoKNlR5qXfaY3l5fjbvFklt2p0CLxMtICTLUusWvTi8iiaDSEI61bntubPwUK8MIp+NCJ9E0xmSI+7RtqcSCaj+dHjxGR1bpoTBStqRBU/X3RIqF1iMR2E6BzUDPexPxP6+dmPDcT5mME0MlmS0KE45MhCbfox5TlBg+sgQTxeytiAywwsTYjAo2BG/+5UXSqJS9k3Ll7rRUvcjiyMMBHMIxeHAGVbiBGtSBgIBneIU3RzkvzrvzMWvNOdnMPvyB8/kDX4WQIA==</latexit>

probability that a given position is to produce a MGF with a 
particular fluence at Earth

Eiso =
4⇡d2

S
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PMGF
i = SFRi · PDF (Eiso)
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E. Burns et al. (MN). 2021, Published in Ap. J. Letters 44



PGRB For each SGRB construct a PGRB
Example for GRB200415A:

E. Burns et al. (MN). 2021, Published in Ap. J. Letters 45



PMGF For each SGRB construct a PMGF

Example for GRB200415A:

E. Burns et al. (MN). 2021, Published in Ap. J. Letters 46



PMGF  x PGRB For each SGRB construct a PMGF

Example for GRB200415A:

E. Burns et al. (MN). 2021, Published in Ap. J. Letters 47



Discovery of local extragalactic population of GRBs

E. Burns et al. (MN). 2021, Published in Ap. J. Letters 48



Discovery of local extragalactic population of GRBs

E. Burns et al. (MN). 2021, Published in Ap. J. Letters 49



1 in 70,000 1 in 10,000 1 in 130,000 1 in 230,000

Four local GRBs, hosts, odds of chance alinement 

GRB 051103 GRB 070201

2005 2007

M81 M31

E. Burns et al. (MN). 2021, Published in Ap. J. Letters 50



Key parameters comparison
Two main characteristics distinguish SGRB candidate to have a MGF origin from the rest SGRBs:

✴ Very short rise time (a few milli-seconds: far way shorter than cosmological GRBs)
✴ Intrinsic energetic (orders of magnitude fainter than cosmological GRBs)

E. Burns et al. (MN). 2021, Published in Ap. J. Letters 51



MGFs Intrinsic Energetic
Simulate a large number of extragalactic MGFs:

✴ Eiso from PDFs over a range of α values
✴ Each assigned to specific host galaxy (weighted by its SFR and distance) 

E�↵
iso

<latexit sha1_base64="t8ic69qd73/vHbaJWIcJzV4x7yo=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwYkmqoMeiCB4r2A9oY9hst+3STTbsbpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IOZMacf5tpaWV1bX1gsbxc2t7Z1du7TXVCKRhDaI4EK2A6woZxFtaKY5bceS4jDgtBWMriZ+64FKxUR0p8cx9UI8iFifEayN5Nulaz9lSmT36UkX83iIM98uOxVnCrRI3JyUIUfdt7+6PUGSkEaacKxUx3Vi7aVYakY4zYrdRNEYkxEe0I6hEQ6p8tLp6Rk6MkoP9YU0FWk0VX9PpDhUahwGpjPEeqjmvYn4n9dJdP/CS1kUJ5pGZLaon3CkBZrkgHpMUqL52BBMJDO3IjLEEhNt0iqaENz5lxdJs1pxTyvV27Ny7TKPowAHcAjH4MI51OAG6tAAAo/wDK/wZj1ZL9a79TFrXbLymX34A+vzB3xXlCU=</latexit>

Detected events: those where the sampled Eiso and distance produce a flux greater than our detection threshold. 

Anderson-Darling k-sample test to compare the 
detected simulated populations to the real one (4 eMGFs)

↵ = 1.7± 0.4
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MGFs Intrinsic Rate

* the first detected MGF used a different IPN calibration, so we discarded it 

X

RMGF = 3.8+4.0
�3.1 ⇥ 105 Gpc�3yr�1

<latexit sha1_base64="leJgXMATJm8jTfU84j9cgw3BkZ0="></latexit>

Convolution of 

✴ 2D PDF for alpha VS number of detected MGFs (6*)
✴ Intrinsic rate expected for a given alpha and number of detected MGFs
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MGF Intrinsic Rate
Event Local Rates 

(Gpc-3 yr-1)
Identified 
events

Magnetar Giant Flares 380,000 7

Neutron Star Mergers (short GRBs) 320a ~ 2000

Collapsars (long GRBs) ~100b ~10,000

Type Ia Supernovae 30,100d ~15,000e

Core-Collapse Supernovae ~70,000d ~ 8000e

a – LSC 2020  arXiv:2010.14527
b – D. Siegel, et al. 2019 Nature 569, 241
c - S. Prajs, et al. 2017 MNRAS 464, 3
d – W. Li, et al. 2011 MNRAS 412, 3
e - https://sne.space/

Why have we not identified MGFs more and to greater* distances?

*they were thought to be detectable to tens of Mpc
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Summary of MGF sample today
As appeared from GRBs 200415A, 051103 and 070222: 

SPECTRALLY HARD and 
HIGHER PEAK ENERGY!

Comptonized Spectrum:
dN

dE
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✓
E

100 keV

◆↵

e
�(↵+2) E

Epeak
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↵MGF ⇡ 0
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EMGF
peak ⇡ 1.5MeV
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ESGRB
peak ⇡ 0.6MeV
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↵SGRB ⇡ �0.4
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GRB detector are triggered by photon counts:
Detectable MGF number is reduced by ~ x5 
(x >100 in volume)

E. Burns et al. (MN). 2021, Published in Ap. J. Letters 55
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Summary
✴ 4 short GRBs occurred within ∼5 Mpc which are the closest events by an order of magnitude in distance
✴ They are inconsistent with a collapsar or neutron star merger origin (lack of SN or GW counterparts)
✴ Their prompt emission is inconsistent with the properties of cosmological GRBs 
✴ They originate from star-forming galaxies, including those with metallicity that prevents collapsars from occurring
✴ 4 out of 250 SGRBs have MGFs origin: ∼2% of detected short GRBs 
✴ Intrinsic energetics distribution of MGFs: a power-law with index α = 1.7 ± 0.4
✴ The volumetric rates are RMGF ~ 380000 Gpc-3yr-1 . 
✴ The rates and host galaxies of these events favor CCSN as the dominant formation channel for magnetars, 

requiring at least 0.5% of CCSN to produce magnetars. 
✴ Our results suggest that some magnetars produce multiple MGFs: this would be the first known source of 

repeating GRBs. 
✴ GRB 070222 suggests MGFs can have multiple pulses. 
✴ MGFs may not be detectable to tens of Mpc with existing instruments due to their spectral hardness. 
✴ The LAT detection is the first GeV detected emission form a MGFs 
✴ LAT  detected delay suggests the prompt MeV emission and  GeV emission are generated in different regions  

opening new windows  for  possible explanations.
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GRB 200415A
And the third class of gamma-ray bursts
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FERMI
LAT FoV

GBM FoV

LAT
✴ Energy range: 20 MeV to > 300 GeV
✴ Field of view: 2.4 steradians
✴ Single photon angular resolution: <1° at 1 GeV

GBM
✴ Energy range: 8 keV to 40 MeV
✴ Field of view: 9.5 steradians
✴ Gamma-ray burst localization: typical 3°
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What did trigger the LAT
How often did we observed a triplet of photons above 100 MeV in a 500 second time window in the past 12 years? 

Δt = 264.87 s Period of the Fermi 
orbit (5,790 s)

LAT Collab (MN). 2021, Published in Nature Astronomy 63



Summary of MGF sample today

Why have we not identified MGFs to greater* distances?

*they were thought to be detectable to tens of Mpc)
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18th century…
Nicolas Louis de Lacaille introduces Sculptor Contellation 
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