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Mysterious Fast Radio Bursts (FRBs) 1

(Lorimer+07; Thornton+12; Petroff+20)
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Origins? A Galactic FRB Event from Magnetar Bursts

(Bochenek+20, CHIME/FRB+20, Mereghetti+20, Li+20, Ridnaia+20, Tavani+20)
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Origins? A Galactic FRB Event from Magnetar Bursts

(Bochenek+20, CHIME/FRB+20, Mereghetti+20, Li+20, Ridnaia+20, Tavani+20)

Adapted frpm i ’ Magneta rS |
a5 o Meregetti+20 -
W magnetar bursts 1 [
E g
S
o
0.45 0.50 0.55 . NN Credit: SY

Time (s) from 2020-04-28 14:34:24 UTC

MOST-MAGNETAR CANDIDATES lie.in the Milky Way's disk along the
Iane wh o 7 I

Magnetar-FRB connection important




Mysterious Fast Radio Bursts (FRBs) 1

(Lorimer+07; Thornton+12; Petroff+20)
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Mysterious Fast Radio Bursts (FRBS) 1

(Lorimer+07; Thornton+12; Petroff+20)
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FRB Host Galaxies: Lower Cutoff Mass?

Control sample (CS)
M SFR-weighted CS
. FRB

Mass
cutoff?
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z<0.2

Sharma+14

Sharma+24 reported a
potential lower cutoff in
stellar mass ~ 10° M,

However, their control
sample is incomplete

If true, a similar lower
cutoff might exist in
metallicity

(= no high-z FRBs?)



Why Metallicity?

M.ying < Z%7  (Vink+01)

* Metallicity (Z) regulates
stellar mass loss and
compact object formation

* FRB host metallicities
— direct clues to their
progenitors




Long Gamma-Ray Burst Host Metallicity -

c.f. Stanek+06; Wolf & Podsiadlowski 07; Kocevski+09; Vergani+15; Perley+16; Niino+17
! Wang & Dai 14
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Lower metallicity below 12+log(O/H).: = 8.3-8.9; broadly consistent
with stellar evolution models (Yoon & Langer 05; Woosley & Heger 06)




Key Question

Do FRBs prefer specific metallicity environments?

A

Background

= galaxies

(&)

= c.f. Lequeux+79;
(4] Tremontiet+04
-

O

=

FRB hosts?

>

Stellar mass




Beyond Mass & SFR: Toward Fair Comparison

c.f. Gordon+23; Sharma+24; Horowicz & Margalit 25

Control

1. Missing a key physical parameter

Mass/SFR are just proxies

2. Incomplete control samples

Magnitude-limited samples can make
comparison ambiguous
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Bright “Magnitude-limited”

Both bright and ’

faint at low z

Absolute * —~ Only bright
magnitude gals at high z
M

Limitting apparent
magnitude my,,

>

Redshift z

“Malmquist bias”™
— Artificial z-dependence in selected sample




Beyond Mass & SFR: Toward Fair Comparison

c.f. Gordon+23; Sharma+24; Horowicz & Margalit 25

Control

1. Missing a key physical parameter

Mass/SFR are just proxies

2. Incomplete control samples

Magnitude-limited samples can make
comparison ambiguous

To constrain FRB progenitors, we must move
beyond mass & SFR with a properly controlled sample
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<a few‘(sub) arcsec
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FRB Host Sample 9

FRB20180924B | FRB20190102C FRB20190608B.
DeCALS DR8 DECam/r VLT FORS2/I . i HST/F160W'
ASKAP ASKAP '« ' i . TASKAP

. —L

49 localized FRB hosts @ z = 0.04-0.98 from
ASKAP (Gordon+23; Eftekhari+23) & DSA-110
(Sharma+24), with 4-8 m optical spectroscopy

Nebular emission lines (Ha, H3, [Olll], [NII]) for
uniform metallicity measurements



Method: Metallicity Measurements 10

= + Maiolino et al. 2008
= 1« Marino et al. +13
= P&P +04

» A strong optical line Curti+17
diagnostics with O3N2 6
index (Pettini & Pagel 2004) Gt = ok

[OI1I]A5007/HB '
[NII]16584/Ha

O3N2 =

« Calibration by Curti+17
applicable at 12+log(O/H)=

7.76—8.85 (intrinsic scatter

0.09 dex) 7.4 7.6 7.8 8.0 8.2 8.4 8.6 8.8 9.0
12 + log(O/H)




Sample Selection for Fair Comparison

« Define a volume-limited

FRB host sample

11



Bright “Volume-limited™ (this work)
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Sample Selection for Fair Comparison 1

Step 2: Volume-limited selection

O N=39 (outof45)
—— App. r-band mag. m, =23.5
00l <2z<048, M, <—17.5

0.4 0.6
Redshift z

Define a volume-limited
FRB host sample

Build a control galaxy
sample w/ GALFRB code

(Loudas+25) under the
same volume-limit criteria

Compare stellar mass (Mx),
star formation rate (SFR) &
metallicity: 12+log(O/H)



Sample Selection for Fair Comparison

Step 2: Volume-limited selection Step 3: BPT-diagram selection
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2D: Mass-Metallicity Relation 12

Modeled SFR-weighted

Mass-weighted

galaxies

: consistent
with
background galaxies

(2D KS test, p=0.06)

pKs.sFr = 0.007
PKS. Mass < 0.001

No strong metallicity

85 90 95 100 105 110 115 preference!
log (M. /M)




3D: Mass-SFR-Metallicity Relation

Fundamental Metallicity Relation
(= FMR; Sanders+21)

9.5 10.0 10.5 11.0
) — 0.60 x log(SFR/M, yr!)

13



3D: Mass-SFR-Metallicity Relation

Fundamental Metallicity Relation |
(= FMR; Sanders+21)

g FRB hosts
below FNHB

100 1()|.5 11.0 06 04 02 0.0 02 04 06
log( /M@) o 60 x log(SFR/M yr!) AFMR [log(O/H)rrp — log(O/H)rmr]
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No Metallicity Restriction: Implications? 14

* Metal-independent formation paths of magnetars favored
(e.g. Hu & Zhang 25; Shariat+25)



Hu & Zhang 25 (1 & 2 star evol )
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Magnetar Formation?

Shariat+25 (3-star evol.)
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- 0
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merged
WD+WD

Merger channels WD-WD &
WD-MS: metal insensitive




No Metallicity Restriction: Implications? 16

Metal-independent formation paths of magnetars favored
(e.g. Hu & Zhang 25; Shariat+25)

FRBs can occur even in low-metal environments at high-z

' Credit: SPDD/SWihburne Astronomy Productions

Low metal

in early Universe He/H reionization probed by high-z
* g MM) | B FRBs (e.g. Caleb+19; Hashimoto+21)




FMR Offsets: Implications?

Post-merger galaxies show similar FMR offsets to FRB hosts

General Bustamante+20

Pairs
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Merger-driven star formation — FRBs after < 500 Myr?

17



Summary 19

We pioneered a study of FRB host metallicities (largest,
uniform & fair comparison)

FRB hosts show no strong metallicity preference and follow
the SFR-weighted metallicity distribution of star-forming galaxies

Metal-insensitive progenitor formation pathway(s) favored

Marginal (20) FMR offsets similar to post-merger systems
hint at an origin of FRBs in stars formed during galaxy
interactions, emerging after ~100-500 Myr



