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|Isolated Neutron Star Populations

e Anomalous X-ray Pulsars (AXPs)

e Soft Gamma Repeaters (SGRSs)

* Dim Isolated Neutron Stars (XDINSs)

e “High-Magnetic-Field” Radio Pulsars (HBRPs)
e Central Compact Objects (CCOs)

e Rotating Radio Transients (RRATSs)
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Birth Rate Problem

- Galactic Supernova Rate: f-con ~ (1.9 = 1.1) century_l

(Diehl et al., 2006; Faucher-Giguere & Kaspi, 2006; Keane & Kramer, 2008; Popov et al., 2006; Rozwadowska,

Vissani, & Cappellaro, 2021)

* PrRRATS = Prsrs ~ Pxpins ~ Bcesy =

> PeesN

(Vranesevic et al. 2004; Lorimer 2005; Faucher-Giguéere & Kaspi 2006; Popov et al. 2006; Kean & Kramer 2008)

BPSR, He

FK06, NE2001
L+06, NE2001
L+06, TC93
V404, NE2001
V404, TC93

Total

CCSN rate

+7.0
10.879

4.0
6.6 3

+4.1
57741

+5.0
72734

+4.1
.72 7

1.9 -

- 1.1

1.9 -

- 1.1

1.9 -

- 1.1

1.9 -
1.9 -

- 1.1

- 1.1

(Kean & Kramer 2008)
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Birth Rate Problem

» Galactic Supernova Rate: f-con ~ (1.9 = 1.1) century_l

(Diehl et al., 2006; Faucher-Giguere & Kaspi, 2006; Popov et al., 2006; Keane & Kramer, 2008; Rozwadowska,

Vissani, & Cappellaro, 2021)

° ﬁ RRATS R ﬂPSRs ™~ ﬁXDINs ™~ ﬁCCSN = > ﬁCCSN

(Vranesevic et al. 2004; Lorimer 2005; Faucher-Giguéere & Kaspi 2006; Popov et al. 2006; Kean & Kramer 2008)

 Evolutionary links between these NS populations
(Faucher-Giguere & Kaspi, 2006; Popov et al., 2006; Keane & Kramer, 2008; Gullon et al., 2014; Kaspi & Kramer,

2016; Johnston & Karastergiou, 2017; Beniamini et al., 2019; Jawor & Tauris, 2022)
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Models

* Magnetar Model

e Fallback Disc Model
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Very Brief Introduction of
Magnetar Model

e Rotating NS in a vacuum

. Slowing down by purely magnetic dipole torque; ', = IQ = — —

e By~ 64x10° VPP >10"G

e Field Decay —> Heating of the Crust —> Observed Ly
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Fallback Disc Model

e Disc-field interaction

e Dominant Torque -> Disc Torque (I )

2
u- [ Ar ;
ly=—| — ,,u=BRNS
) ri% Fin

» Source of Ly

e L...=GMM./R and L., —>Ly =L, .. +L

00l acc cool
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Fallback Discs

e After SNe, some of the ejected
matter could fall back

o If this matter has sufficient
angular momentum, a fallback
disc could form around the newly
born NS
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Fallback Disc Model

* Proposed to explain the observed P clustering and Ly, of AXPs

* The model could explain the observed properties of other young
NS populations too
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Fallback Disc Model

e Solving the disc diffusion equation with « (0.045) prescription

* The model includes the effects of:

e X-ray irradiation of the disc, C = (1 —7) x 10~

o Contribution of the L, into the irradiation

CO0O

o Inactivation of the disc at low temperatures (ITp = 50 — 150 K)
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Inner Disc (r;,)

R25/8 |1 R—3/2 | ~ 1.26 aZ/S M—7/6 M—7ﬁ() 3 P—13/12

in,max in,max

1n, max 1n, max’ ' co?

e My = My/(101° g 51, py = u/(10°° G cm’)

o Iin =T, =M Fipmax » Where 171 51
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Rotational Phases
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® Lacc —_ O and LX —_

cool

> [ Ar
M, =—(—

ot = 5
Fin \ Ti

+ T4
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e Ly=1L_ +L

acc cool

o L' gy = M* \/GMr; (M = Min)

° Ftot —_ FD + FSU + %P
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LONG-TERM EVOLUTIONARY
LINKS BETWEEN THE ISOLATED
NEUTRON STAR POPULATIONS
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Disc parameters
ad = 0.045, TP — 50 K,

C=1x10"*
IS used

L

cool, max

Initial Conditions
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Radio Pulsars
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HBRPs
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RRATSs

LPTs.
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How could sources emit Radio
Pulses below the Pulsar Death
Valley?
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How could sources emit Radio Pulses
below the Pulsar Death Valley?

* Enhancement of the magnetic flux of the open field lines through

the magnetic pOleS of the star (Parfrey, Spitkovsky & Beloborodov 2016, 2017)

_BRQ* Q¢

o AV & = and ¢, = zR(C2R/c)B
2c 2rc
e AV =~ 10'* V —> For ordinary radio pulses

'Lc 'Lc
o ¢open = C_¢O ana Lopen = 52(_)2 LO

¥ ri
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Conclusions

* The rotational properties of isolated NS populations can be reproduced:

e As a natural outcome of differences In the initial conditions
Py, My, and B, in a single picture

. Continuous B, distribution (a few 10° — 10" G)

* Our simulations indicate significant evolutionary connections between
the NS families especially RRATs, XDINs, and RPs

* RRATs have evolutionary connections with almost all other populations
(except persistent AXP/SGRs and )

 Our detailed model results provide concrete support to earlier
predictions to account for the long-lasting birth-rate problem
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Bonus Conclusion

e Our results are in good agreement with the estimated
braking indices (7) of the sources.
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Thank you
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Effects of the Initial Conditions on
the Long-term Evolution

e Initial Period: P,

e Disc Mass: M

» Magnetic Dipole Field Strength: B,
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Magnetic Dipole Field 5l
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