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Outline

* Backgroud of accretion-induced collapse (AIC) events

* Progenitor models of AIC events

(1) The ONe WD+RGB channel

(2) The ONe WD+He star channel
(3) The Double WD merger model
(4) The ONe WD+He WD channel

* Summary



Backgrounds
v'The AIC process has been proposed decades ago.

v'Massive ONe WDs, electronic capture supernovae, collapse to NSs
- 1.25M,

NSs peaked around 1.25M, 5 o 3 e‘jellﬁs ::'  CCSNe . 1 .40,
originate from the AIC processes - %

v'The AIC process can produce
some important objects:

(1) Millisecond pulsars

(2) Intermediate-/low-mass binary pulsars

(3) Gravitational wave sources ......



Progenitor models

1. The single-degenerate model:

ONe WD + MS
ONe WD + RG

ONe WD + He star

2. The double-degenerate model:

ONe WD + ONe/CO WD
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Millisecond pulsars with long orbital periods

Accreting ONe W S~

v'The formation of MSPs with long
orbital period (50-500 day) is unclear

v'Binary system will be disrupted during
normal supernova explosion

v'Evolving ONe WD+RG systems to 1

NS+RG systems via the AIC processes sl
v'Eventually form MSP+He WD systems ’%‘ e i
with long orbital periods = 04 TLW HT#%MT‘)

Wang, Liu & Chen 2022, MNRAS
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Progenitor models

1. The single-degenerate model:

ONe WD + MS
ONe WD + RG

ONe WD + He star

2. The double-degenerate model:

ONe WD + ONe/CO WD




Intermediate-mass binary pulsars

v’ Intermediate-mass binary pulsars:
long spin periods (10-200 ms);
Myp> 0.4 Mg

v'Millisecond pulsars:

WD + Pulsar

short spin periods (1-30 ms);
0.15 Mg <Myp< 0.4 Mg



The formation channel of intermediate-mass binary pulsars

v'intermediate-mass X-ray binary channel
NS+MS (2.0—10 M)
IMBPs with orbital periods ~ 3-50 d N
(van den Heuvel 1975; Tauris et al. 2000)
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v'NS+He star channel:
Part of IMBPs with orbital periods <3 d
(Chen & Liu 2013)
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The formation channel of intermediate-mass binary pulsars

v'intermediate-mass X-ray binary channel:

NS +2.0—10 Mg MS  (van den Heuvel 1975)
IMBPs with orbital periods ~ 3-50 d (Tauris et al. 2000)

v'NS+He star channel:
Part of IMBPs with orbital periods <3 d (Chen & Liu 2013)

v'The AIC channel of ONe WD+He star systems:



Explained the formation of IMBPs with short Obital periods
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Observed values: Modeled values:
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Progenitor models

1. The single-degenerate model:

ONe WD + MS
ONe WD + RG

ONe WD + He star

2. The double-degenerate model:

ONe WD + ONe/CO WD




Double WD mergers will evolve to isolated NSs

Period derivative, log pobs
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Galactic AIC birthrate and isolated NS number
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Liu & Wang, 2020, MNRAS, 494, 3422
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Still no direct observed evidence for AIC events

v'Very hard to detect:

(Woosley& Baron 92; Piro & Kulkarni 13; Dessart+16; Brooks+18),

Ejected mass < 0.1 Mg
>6Ni production < 0.01 M
5 magnitude fainter than a typical SN Ia

Last for only a few days

v'There are many indirect evidence ......



Evidence for AIC in globular clusters

* Small mass and small kick velocity of AIC:
(1) The low space velocities of many recycled pulsars;

(2) The large fraction of NSs retained 1n globular clusters.
Bailyn & Grindlay (1990)

* The newly formed NSs with small kicks from the AIC channel:

The detection of apparently young NSs 1n globular clusters.
Lyne et al. (1996); Boyles et al. (2011)



Evidence for AIC in Galactic disk

Name P (ms) B (G) Porb (days) | Mcomp
Mop)

GRO J1744-28 1.0*¥1013 ~0.08
Paradlj s+(1997)
PSR J1744-3922 172 5.0%10° 0.191 ~0.1  Breton+ (2007)
PSR B1831-00 521 2.0*1010 1.81 ~0.08  Sutantyo & Li
(2000)
4U 1626-67 7680 3.0*1012 0.028 ~0.02 Yungelson+
(2002)

* NSs with slow spin and relatively high B field
» Ultra-light (semi)degenerate companion stars (<0.1 M)

* Close orbit



* NSs with slow spin and relatively high B field:
Newly formed NSsHave not experienced mass-a

* Ultra-light companion stars (<0.1 M)
* Close orbit

Have experienced mass-transfer | uitra-low M, short Porb: high B, low spin:

Have transfer much material Have not accrete material

v'AIC events is a possible solution!

ONe WD o‘

Stable mass-transfer

AIC Oi‘

NS @ . However, the donor mass after AIC is too large!

Tauris et al. (2013)




Myewn (Mg)

ONe WD+He WD systems to UCXBS Ly & wang (2023
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Reproducmg 4U 1626-67

Liu & Wang (2023)
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Summary

The accretion-induce collapse of WDs can produce some particular NS systems:
1) ONe WD+MS channel: to MSPs with short orbital periods
2) ONe WD+RG channel: to MSPs with long orbital periods
3) ONe WD+He star channel: to IMBPs with short orbital periods
4) Double WD merger model: to isolated NSs

5) ONe WD+He WD channel: to UCXBs



Thanks for your attention!

liudongdong@ynao.ac.cn
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Detectable for future space-based GW telescope

Set 1 ——
Set 2
Set 3 ———
Set 4 ——
Set 5
LISA SNR=1
LISA SNR=5

TIANQIN SNR=1 —
P TAIJI SNR=]1 —

—3.5 -3 —2.5 —2 —1.5 —1
log f(;w/HZ

Liu & Wang (2023)



Set Mé)Ne WD Mé Pci)rb 5t1 MQAIC Pcﬁ{)C 6t2 MIEIS MQf Pcfrb
(Mop) Me)  (d)  (Myr) (Mg) d)  (Gyr) (Me) (Mg) (d)
1 1.3 0.2 0.015 0.21 0.1172  0.0051 1.65 1.3033  0.0082  0.0385
2 1.3 0.18 0.03 0.92 0.0819  0.0084 2.08 1.2880 0.0059  0.0481
3 1.34 0.18 0.08 0.11 0.1399 0.0046 4.13 1.3110 0.0062  0.0468
4 1.33 0.15 0.015 0.41 0.0933  0.0066 3.85 1.2935 0.0063 0.0461
5] 1.26562 0.2 0.045 407.9 0.0127  0.0339 1:15 1.2522  0.0084  0.0380




ONe WD+He WD channel?
Mass-transfer process is dynamically stable
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Figure 1. The upper dashed line shows the dynamical stability limit (equa-
tion 30), while the lower dashed line shows the stricter criterion of Nelemans
et al. (2001) (equation 31), accounting for the switch between direct impact
and disc accretion at M| = 1 M. The solid line shows the transition be-
tween disc and direct impact accretion. The three dotted lines show how the
strict stability limit of Nelemans et al. (2001) is relaxed when dissipative
torques feed angular momentum from the accretor back to the orbit (equa-
tion 32), once again accounting for both the direct impact and disc accretion

Y
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Mass-transfer rate—He WD mass
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Detections of AIC events I: VTC J095517.5+690813

The SD model
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Figure 1. Radio (6 GHz) LLC of AIC from the SD channel having the CS™M
density profile of pcsm (7)) = 5 =< 1011 A, —2 (cgs units) at the distance of
VTC JO95517.5 + 690813 (3.6 Mpc). The different panels have different
ejecta properties (Table 1). The radio LLC of VTC JO95517.5 + 690813 at
6 GHz (Anderson et al. 2019) is presented for comparison. The triangle
shows the upper flux limit. The explosion date of the synthetic L.Cs is O d,
and the observed LC is shifted to compare with the synthetic L.Cs.

The DD model
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Figure 2. Radio (6 GHz) L.C of AIC from the DID channel with a constant
CSM density at the distance of VTC JO95517.5 + 690813 (3.6 Mpc). The
different panels have different ejecta properties (Table 1). The radio L.C of
VTC JO95517.5 + 690813 at 6 GHz (Anderson et al. 2019) is presented for
comparison. The triangle shows the upper flux limit. The explosion date of
the synthetic L.Cs is O d. and the observed L.C is shifted to compare with the

Moriya (2019)

synthetic I.Cs.
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Detections of AIC events II: SN 2018kzr

Figure 1. RGB composite images of the host of SN2018kzr, SDSS J082853.50+010638.6. Left: the GROND gri exposures [rom +3.731 days. Right: the NTT:
EFOSC2 gri exposures taken at +68.676 days (Table 1). The host is a blue star-forming galaxy with a bright core.

The Second fastest declining supernova-like transient.
v Peak magnitude: M ,=—17.98 (~1.4x10%3 erg/s);

v" Decline rate: 0.48+0.03 mag/day;

v' Ejecta mass: M=0.10£0.05Msun

Mcbrien et al. (2019)



Detections of AIC events I: VTC J095517.5+690813

The SD model
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Figure 1. Radio (6 GHz) LLC of AIC from the SD channel having the CS™M
density profile of pcsm (7)) = 5 =< 1011 A, —2 (cgs units) at the distance of
VTC JO95517.5 + 690813 (3.6 Mpc). The different panels have different
ejecta properties (Table 1). The radio LLC of VTC JO95517.5 + 690813 at
6 GHz (Anderson et al. 2019) is presented for comparison. The triangle
shows the upper flux limit. The explosion date of the synthetic L.Cs is O d,
and the observed LC is shifted to compare with the synthetic L.Cs.
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Figure 2. Radio (6 GHz) L.C of AIC from the DID channel with a constant
CSM density at the distance of VTC JO95517.5 + 690813 (3.6 Mpc). The
different panels have different ejecta properties (Table 1). The radio L.C of
VTC JO95517.5 + 690813 at 6 GHz (Anderson et al. 2019) is presented for
comparison. The triangle shows the upper flux limit. The explosion date of
the synthetic L.Cs is O d. and the observed L.C is shifted to compare with the

Moriya (2019)

synthetic I.Cs.
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JRES#T: RLOFRJIELH

Previous models:

, |2
M, = —C max[0, (—= - 1)*],
[obe

The exceeding mass of the donor
would be transferred onto WD
immediately as soon as the donor star
exceeds its Roche-lobe.

In this case, the mass-transfer rate 1s
usually relatively high, resulting in two
cases that prevent the formation of SNe
Ia: (1) common envelope phase;

(2) Stronge stellar wind phase.
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Improved the mass-transfer prescription:

RRoche-lob'e‘

O

REEHEZBBSRIDSITRERERRE,
star ﬁﬁﬁ :;.EE,-‘-

I'y+1

2 2T —1) 1
P)>2ddo,
=) emtae

(A9)
where ¢, is the stellar surface potential, and we have used the
relation Ry, = ri. A. We have combined factors dependent on the
mass ratio in the coefficient

_ T2
GM, Jf(q) o 1

27 R; ?s 1(
M =

q 1

T = 5059 lax@ — D17

(A10)

a slowly-varying function of ¢g. For the integration over potential
¢, we use the approximation Ge et al. 2010
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Fig. 2. Maximum density and minimum electron fraction Y, in the sim-
ulations_ G14, JO2 and HO1 (see Table 1). In the G and J simulations
(log,, p&" = 9.9 and 9.95), respectively, the maximum density drops
by several orders of magnitude in the first 5 s despite the marked de-
crease in the minimum Y., leading to the partial disruption of the core

and the formation of an ONeFe white dwart that does not collapse to
form a neutron star. In the HO1 simulation (log,, pe" = 10.3), the maxi-
mum density only increases with time, reaching 10'" ¢ cm™ in the first
~330 ms. The simulation was not continued beyond this point because
neutrino interactions with matter were not included in the microphysics,
however the most likely outcome is collapse into a neutron star.



