Supernova Remnants Il

New Insights into the Galactic Magnetar Population

Ashley Chrimes 12
ESA Research Fellow

1 European Space Research & Technology Centre, Noordwijk, the Netherlands
2 Department of Astrophysics/IMAPP, Radboud University, Nijmegen, the Netherlands

11/06/2024

ESA UNCLASSIFIED — For ESA Official Use Only

— I —I— | [— :: l E — . I — :|"|= = EE G - l ;% + —_— - T e + THE EUROPEAN SPACE AGENCY



Contents

Introduction

Near-infrared (NIR) emission
Bound companion stars
Unbound companion stars
SGR0501+4516

Summary

DT a0 T e

2

—= - =m _ ol £ =

e
ar

\|’2
AN

—?r;—

2 THE EUROPEAN SPACE AGENCY



Introduction

3

— == | 4 mm _IE ] E =] = =" ™ ] 3 4 [+ B E E > THE EUROPEAN SPACE AGENCY



Magnetars: background
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Magnetar formation

LSC/Sonoma State University/Aurore Simonnet
Core-collapse - -

Extreme transients?

Core-collapse evidence: peal Futselaar/Artsource.nl ! . ms—period
« Star-forming cluster | :

o - Long gamma-ray bursts,
associations

superluminous SNe (e.qg.
Metzger et al. 2015)

« But Galactic magnetars not
very rapid at birth (Vink et al.
2006)

 BNS mergers?

* SNR associations
« Galactic plane

« Systemic velocities
* FRB host galaxies & environments (e.g. Mannings et al.

2021, Chrimes et al. 2021, Bhandari et al. 2022)
« Short-lived, unstable

What are the

B-field from dynamo during collapse or from flux conservation (fossil field)? progenitors of
magnetars?
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An alternative origin?
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induced collapse (Kirsten et al. 2022) elliptical galaxy (Sharma
(e.g. Nomoto et al. 1991, Levan et et al. 2023)
al. 2006)
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Near-infrared emission
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Near-infrared counterparts

Chrimes et al. (2022a) @esa
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CXO localisations, HST imaging
17 NIR counterpart candidates / 21 magnetars
Constraints on emission mechanism, proper motion etc

(not all radio bright, relatively poor X-ray localisations,
dusty sightlines)
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Igin of the NIR emission?

JWST spectrum of 4U0142+61
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Supernova fallback/debris disc?
Data must be taken simultaneously — magnetars are variable!
One other possibility...
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Bound companions
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A search for bound companions Chrimes et al. (2022b) Eesa
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Unbound companions
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Cumulative fraction

Predictions for unbound companions Chrimes et al. 2023) @O €SA

Population synthesis with BPASS (Eldridge et al. 2017, Stanway et al. 2018)
« Tauris et al. (1998) binary supernova model, includes Blaauw & neutron star natal kicks
* Punbing =~ 0-8-0.9 (see also e.g. Renzo et al. 2019)

* Unbound companion after 15t SN in a binary
Green = Gaia SNR runaway searches (Boubert et al. 2017, Fraser et al. 2019)
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A search for unbound companions
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Sherman et al. (2024) — Gaia search, f; inpound-companion = 0-49-0.55 (pop synth: ~0.1-0.2)
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Only 1-2 bound candidates, so either:
* Progenitors were single stars
* Pre-cc mergers?

See e.g. Schneider et al. (2020) — main
seguence mergers can produce high B-
fields

Shenar et al. (2023) — “massive He-star with
a sufficiently strong magnetic field to form
a magnetar”
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SGRO0501+4516
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An oddball: SGR0501+4516

Levan, Chrimes, Lyman et al. (in prep) @esa

Anti-centre direction
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Su mm ary Lyman et al. 2022; Chrimes et al. 2022a/b;

Chrimes et al. 2023; Levan, Chrimes et al. in prep

What are the progenitors of the Galactic magnetar population?

Clues from the near-infrared (NIR) emission:

* Most likely magnetospheric

. 1RXS)J1708a

1RXSJ1708b

Dust-corrected My (Vega)

* Unconfirmed candidates for SN fallback discs & bound companions

EEEEE
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Progenitor constraints: RA [deg]
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444444

« Variable: need simultaneous multi-wavelength observations!

» SNR/cluster associations (confirms core-collapse, yields progenitor 28
mass, etc)

 Fewer ejected companions than expected
« SGR0501+4516: Galactic AIC candidate?

b [deg]
[6ap] 3@

Email: Ashley.chrimes@esa.int
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Near-infrared counterparts Il

Chrimes et al. (2022a)

esa

NIR — X-ray index

SGR1806
IE2259
20.0 4U0142
1RXSJ1708b
17.5 4 1RXS/1708¢
. SGR0501
8 1504 SGR1900
c 1RXS)1708a
S AXJ1818a
C 12.5 AX]1818b
g XTEJ1810
= | CXOUJ1647
5 100 SGR1833
5 IE1547
E 757 PSR)1622
S SGR1627
O 504 CX0Uj1714
: SGR0418
SWIFT)1834
2.5 SWIFT)J1822
SGRO755
0.0 T 3XMMJ1|852 T T T T T T
-050 —0.25 0.00 0.25 0.50 0.75 1.00 1.25
Power law index I
[ lower for less secure candidates?
19
o D = s - = = NI = Y = e BN b BN SZ S22 KN == i mm iem %] THE UROPEAN SPACE AGENCY



Candidate: CX0OUJ1714 Chrimes, Wiersema et al. (in prep.) @esa

—— Telluric standard HIP80897
—— sci: median, manual fluxing
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Predictions for unbound companions Il

Chrimes et al. (2023)
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