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A. PATEL ET AL.
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B) X-ray tail
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MGF keg questions

e Origin

o Rate

A ——— —— Lot
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MGF keg questions

“normal” bursts with extreme Properties
e Origin <

OF 3 Completelg diHferent Process’?
o Rate <

AT o AT

Overall buclget of magnetic energy

Contribution to heavg elements in

the Universe
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[Cstimates O‘F MG rates (how many short GRBs are MGFs?)
[Lazzati+ 2005, Palmer+ 2005, Tanvir+ 2005, POPOV & Stern 2006, Nakar+2006, Ofek 2007 Svinkin+ 2015,
Burns+ 2021, Pacholski+ 2025, Beniamini+ 2025,...]

Pacholski, Arrigoni, SM, Salvaterra 2025

Popov & Stern, 2006 . e METHOD: Correlate catalogs of short GRBs
Ofek, 2007

1071 E

with nearbg (high star {:orming rate) galaxies
1072 E Burns et al., 2021

I Galactic
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e UNCERTAINTIES : many assumptions, small

numbers, sensitivity and sl<9 coverage, star i

formation faibe, number of galactic magnetars,

R(>E) [yr ! mag~!]

ifetime, ...
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Distance B
Galaxg (Mpc) i Scre

19050 L MIC 00 O/ Mazets+ 1979

980827 MW Q012> O 1 Hurley+ 1999, Mazets+ 1999

041227 MW 0.0087 7. Palmer+2005, Mereghetti+ 2005

O5110% M 81 (or M827) b 5% Frederiks+ 2007, Ofek+ 2006

070201 M 31 0.78 I Mazets+ 2001, Ofek+ 2008

Q70222 M 8% 45 6.2 Burns+ 2001
180128A NGC 25% 3.5 0.6 Trigg+ 2024
200415A NG 253 55 % Svinkin+ 2021, Roberts+ 2021

25 A M 82 3.6 l Mereghetti+ 2023
241N07A PGC 86046 4.1 1.6 Rodi+ 2025
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MG 23115A 1n starburst galax M82

INTEGRAL IBIS TNG TELESCOPE

30 - 200 keV “ optical -
Small error region (R”2 arcmin) ‘ ®\
automatica”g distributed ]:)9 :)(,h;'fn#ex\?n i Giant Flare
IBAS after 13 s position

IC 2574
N

Sandro Mé;regmﬁettl s ‘.‘\'Cé.:"legr;jting Z@F;O‘F Swift Discoveries - f:vlo;enacé,whm/\'arch 26th, 2025



short GRB 241107/\ a MGF in PGC 86046 7

Rocll Pacholskl SM+ 2025

_24:24:00 .

o Short GRB discovered bg
SVOM/GRM

o Triangulatecl with INTEGRAL
SPI/ACS and Konus/Wind —
l clegz

e Inside INTEGRAL/IBIS and
Switt/BAT FoV  (too faint

for automatic trigger) — few

26:00 SRS

28:00 EENEE

Declination

32:00 M. o : INTE:GRAL/IE)IS 2 arcmin position obtained few
’ 5 a':cmln racllus (90% G . ) Clays later
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Righ Ascension
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IN TEGRAL search for magnetar giant flares from the Virgo Cluster and in
' nearby galaxies with high star formation rate

i Dominik Patryk Pacholski ~,'** Edoardo Arrigoni,'* Sandro Mereghetti ~! and Ruben Salvaterra

INTEGRAL

Virgo Cluster
16.5 Mpc

Large INTEGRAL

net exposure 55 Ms

'Sky Exposure

1.65e+05 3.87e+05 8.27e+05 1.71e+06
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3.47e+06 6.96e+06 1.40e+07
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~1500-2000 galaxies

P Py Pt S,

tt:WCelebratmg 20 grs OFSIN;F’E Discoveries - Florenc:é,'-’i\;\'z;rch 26th 2025



Number of \/irgo MG exl:)ected in INTEGRAL/IBIS data

” Rate of “ﬂares
Sum on a with fluence S

galaxies
per magnetar

2
Ner = X; | Ti(< SR (S)N;dS

/

Observation time with
sensitivitg better than S

Number of magnetars

(Proportional to star

formation rate)
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Number of \/irgo MG exl:)ected in INTEGRAL/IBIS data

“ Rate of “ﬂares
Sum on a with fluence S

galaxies
per magnetar

NGF — Zlle(< S)RGF(S)NldS = 0.1) [0.0§~O.§]

/

Observation time with
sensitivitg better than S

Number of magnetars

(Proportional to star

formation rate)
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Galaxy D (Mpc) SFR(Mpyr™') Exposure (Ms)

NGC 253 3.5 4.9 0.6
M81 3.4 0.5 25.5
M82 3.6 7.1 26.1
M83 4.5 4.2 5.2
NGC 4945 3.4 1.9 17.9
1IC 342 2.3 1.9 7.2
PGC 50779 4.2 3.9 20.8




Galaxy

NGC 253
M381

M82

M83

NGC 4945
IC 342
PGC 50779

Pacholski, Arrigoni, SM, Salvaterra 2025

| ower limit

Popov & Stern, 2006
Ofek, 2007

Svinkin et al., 2015
Burns et al., 2021

45 46
log10 E [erg]

D (Mpc) SFR (Mg yr™)

3.5
3.4
3.6
4.5
3.4
2.3
4.2

4.9
0.5
7.1
4.2
1.5
1.9
3.9

Exposure (Ms)

0.6
25.5
26.1

5.2
17.9

7.2
20.8




Conclusions

s INTLGRAL Provi&ed the two last-discovered MGF candidates:
231115A in M82 and 241107A in PGC 86046

© On19 one MGF in INTEGRAL observations of Virgo Cluster and 7 ncarbg galaxies with

—

high SR — upper and lower limits (90% CD on integratecl rate RGE) of MG!

5

- 10D erg : oneevery 2900 yr < Ki=F ) [magnetar"’ gr*‘] < one every 50 yr

a9 >5100 erg R-F) [magnetar"’ gr"’] < one every 500 yr
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Conclusions
INTEGRAL Providecl the two last-discovered MGF candidates:
251115A in M82 and 241107A in PGC 86046

On19 one MGF in INTEGRAL observations of Virgo Cluster and 7 nearbg galaxies with

—

high 5K — upper and lower limits (90% <D on integratecl rate R(>E) of MG

5

- 10D erg : oneevery 2900 yr < Ki=F ) [magnetar"’ gr*’] < one every 50 yr

a9 >5100 erg R-F) [magnetar"’ gr"’] < one every 500 yr

Increasing sample of extragalactic MGF is crucial to better constrain the rate of these
By ol g

events = Switt, SVOM, EP.... Theseus

Search for (orphan) Pulsed tails
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! SCIENCE & EXPLORATION

Mission accomplished for Integral, ESA's
‘gamma-ray telescope

f:ebruarg 28,2025

“After 2886 orbits and 22 years gazing into the depths of our cosmos, today Integral's

sensitive instruments will stop collecting scientific data. But the legacy of ESA's gamma-ray

observatory will serve scientists for many more years to come,” concludes Matthias Ehle,

Integral’'s Mission Manager at ESA.
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 Gotz+ 2006

INTEGRAL and Magnetars o

o Persistent emission — unexpec’ted cliscoverg of hard tails

Molkov+2004 Kuiper+2004,2006,2012; Mereghetti+2005;
Gotz+ZOOé,ZOO7; den Hartog+ZOOSa/ b;DuccHZO]ﬁ

E°F(E) (keV?/cm?® s keV

‘ —
SGR 1935+2154 .
28 April 2020 burst

' / y
. §]ﬁort DUrsts —? Magnetar/ FRD connection | = w0 soriane

Mereghetti+2020

X-RAYS —

T |

é - RADIO :
S 10 E
’ j E
ol 1| | J | | L_\ L \ ]

! ! ! | L1 ! |
0.40

| | | |
0.45 0.50 0.55 0.60

e (.ant l:lares e ———————
INTj IBIS ‘\ | \\\ Zgﬁc: EEEEEEEE
% ‘ [ ' | ‘ | | e L ,
— SGR 1806-20: r-process hard tail * Y=valh

\ XMM-Newton EPIC
| \ 0.3-10 keV . Giant Flare
| Nac 2985 | L position
4 NGC 3_‘ 270 {,i-”””\w, = hge2 \"-\‘. ¢ 1 25}6{)0
&) 1 ;7 E l‘. \“\ v \‘.‘ \ . \\\
o 8_? 8 \ '\\ ; 1 301‘&90 "‘\\
~ | \ \ \

g l‘ “\ \"\ \3\"/
= \ \ \ N
= | \

O

IL / decaying as t 0385
l\/\ereghet‘citZOOjJ
MereghettHZOZ‘h Rodi+ 2007 I P

10%

i % 1 L .
R L

IIIIII

10* 8.8x10* 8.9x10* 9x10* 9.1x

8.7x%

A T ey, (TR T R S S D s S s L e

O T TR AP TR s TS S A Y TR




MereghettH 2005 -

N DL TLUN L™ ” o . b o
) - ”/’Q‘., - .“:F" . .- "" Ny
N — S~ ”,’ 5 -p* L
, . SA SN Bl w5
B\ ,(’*,._ - - B
s Ny 3
=) , N
A Y £, T /
5 : ' : :;/ T
VO A T 0% e o5
B \' :
. : 0 :
N : \| - N SV T AT
\.“‘\\ z S A " i
> iJ
y .\ - Vo . : ‘4
A 11 \ (48§
' ';‘ 28 v D 2 5.8
\ \ . . 'l
.\ ) - . ‘. ‘
. ¥ - | : )
\ i A £ 5 -
4 > d : 1 ‘
ey i
- 4
\ " . -

3
|
:
Eiss
Continuous downlink of data i
|
‘ i

IBIS goocl imaging over 30 x 30 cleg;?— FoV

arcmin Positions distributed in real time

(154 GRDBs from Nov 2002 to Feb 2025 )

1 L
- >
! '
W\
&y
=
>
()
W\
!
—h
C
-
lion
Q
-+
=N
-
N
Q)
=)
h
ot
=
&




» w\_,...‘imma\\km-‘.ﬁ,&—up i v

o i RIS L Ll AN\ - i i

PRI o il iy o il

F iy n L i A e R St R S SIS L ity L

Pulsed tails w:thout mltlal splke

Guidorzi+ 2004
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MG 23115A 1in M82: Have we been luckg’:’

e Volumetric rate of
8o ] XY Gpcd yr!  (Burns+202)
e Rescale for star Forming rate

SFRwus2 = 7.1 Mo /yr wrt 4,000 Mo /yr
within 50 MPC (Leroy+2019)

e Power-law distribution of the GF ,

We expect N M82
~ [0.04 - 0.4] Gf:/yr
with E__ > 10 erg

J'Dilitg of one
GF seen 139 INTEGRAL

: , —> Proba
energies with sloPe o
e Total INTEGRAL exposure on M82 is 6 o
s 12% -~ 18%]
months from 2002 to 2024

No o’cher ﬂares were seen

e

T T T
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. 5 N M82 1in 20 years ?

|||||| r

'GRBZ-B{.ﬂsA" | GRD 051105 Possible MGF 1n M8I
| e - gFOUP [Frederiks+04].

Accorcling to a detailed statistical

" 69:00:00.0

analgsis)

M82 is the most likely host [Burns+21]

o
=)
o
-
=

00

| 1




Rate [cts/s]

%)
%)
h—
L,
2
3]
o

Rate [cts/s]

Peak Energy [keV]

" ISGRI 40-200 keV -

PR T TR TR [N TN TN T S N TN SN SR N
" PICsIT 200-468.2 keV

ol

1000 fr

750 |

500 |

250 L

t

0.15

0.20 0.25

0.30 0.35 0.40 0.45

Time since Ty [s]

Flux keV**(ph/cm?/s/keV)

, SM+ 2025

o ISGRI
A PICsIT

2000 LI I B LI BRI L L LA B
: e T0+0.17-T0+0.20 ]
1750 ¢ TO0+0.20-T0+0.40

\

1500 |
1250
1000 £
750 |

500 F

250 | ]
[ b | PETETE BRI B S AT BT B

1
-15 -1.0 -05 0.0

100
Energy (keV)




1079 10~ 1072 10°
Eiso [1 050 erg]

Figure 5. Position of GRB 241107A (red square) in the
E, versus F;s, plane. The sample of short GRBs (blue)
is taken from Minaev & Pozanenko (2020). The three con-
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Candidate Giant Flares in nearbg Galaxies
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~ SandroMereghetti

Statistical analgsis of MGF candidates = Solid statistical evidence

for a Population of nearbg MG accounting for “2% of short GRBs

Burns+202]
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10 -

Short GRB Sample
S50 Cl
. 30 ClI

B loCl

Cumulative Number of Events

p—

107 102 103 10 10!

9.

10°

Q quantiﬁes the likelihood that a
GRDB has a MGF origin

Ta
ga

Volumetric rate of G

kes into account Probabilitg of spatial coincidence,

axy SFR, energy distribution of GF

= with E >4 10+ erg

Rvicr = 3.8737 x 10°Gpc " yr *
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Broad X—-rag Pulse starts before the radio
Narrow X-ray Peaks with 6.5+ 1 ms lag wrt the radio

T |
| Adapted from

Mereghetti et al.
ApJ 898,1.29 (2020)
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SGR 1935+2154
28 April 2020 burst
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Frequency (MHz)
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o

Fluence 480 + 220 |<J9 ms [600 MHZ]

5] MJg ms
DM =3532 7 Pc/ cm?
Radio energy 2-10% erg

Peak luminositg = 710% erg/s
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CXO J0100-72 MC SNR J1000-7211 SMC
4U 0142+61
SGR 0418+5729
SGR 0501+4516 , y
SGR 0526-66 N4 MG 9-10 associations

1E 1048-5937

1E 1547-5408 G327.24-0.13 Witl"l SMR s

Sw J1555.2-5402
PSR J1622-4950 G333.9+0.0 ot
SGR 1627-41 G337.0-00.1 (CTB33) ( 55% )
CXOU J1647-4522 Massive star cluster (Westerlund 1)
1RXS J1708-4009
CXOU J1714-3810 G348.7+00.3 (CTB37B)
SGR 1745-2900 2.4 arcsec from GC
SGR 1806-20 Massive star cluster
XTE J1810-197
Sw J1818.0-1607 Radio shell ? 5 associations
Sw J1822.3-1606
SGR 1830-0645 . l’j I F
SGR 1833-0832 with clusters o

Sw J1834.9-0846
1E 1841-045 G027.4+00 (Kes 73) 1 e :
3XMM J1852+0033 Massiv Sta S
SGR 1900+14 Massive star cluster
SGR 1935+2154 G057+0.08
1E 2259+586 G109.1-01.0 (CTB 109)
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