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Neutron star

NS appear at the end of the
evolution of massive star after
supernovae.

Mass range in 1.2-2.1M, and
radius in 10-20 km_

Pulsar

Highly magnetized and fast-
rotating NS.

The most stable macroscopic
clocks.

Testing gravity.

Gravitational wave source




AcCCreting INd pinary-> pinary
MSP

companion

Planet

Isolated

Low mass X ray binary - accretion power Radio binary MSP - rotation power

»  The connection between LMXB and BMSP
The (accretion-induced?) decay of the surface B-field of a NS

The maximum possible spin rate of an MSP
The Roche-lobe decoupling phase

The spin-up line and accretion torque reversals
The progenitors of the isolated MSPs

YV V V V VY




Recycling scenario

An old NS i1s recycled to become a MSP by accretion from its
companion.

During the accretion stage, the system is called a low-mass X-ray
binary, powered by accretion.

When the rate of mass transfer decreases in the later evolutionary
stages, the binaries host a radio MSP, powered by rotation.

Some systems can swing between the two states on very short
timescale, depending on whether mass transfer exists.
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Properties of AMXP

»  Show coherent pulsation with periods in the range 1.7-10 ms
»  Very small donors are preferred and may be MS, WD and BD. NS with weak
magnetic field (103-10° G).
»  Most (if not all) of them are transient and X-ray luminosity usually low.
»  The orbital period are always relatively short (less than 1day).
»  The intermittency of the pulsations, which could bridge the gap between non-
pulsating LMXBs and BMSPs.
»  Some show three different states: high with, low without and flare without X-
ray pulsation.
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Table 4.1 Accreting X-ray pulsars in low mass X-ray binaries

ve/P Porb | fx M min | Companion

Source (Hz)/(ms)| (h) (Ma) (Mg) | type Ref.

Accreting millisecond pulsars

XSS J12270—-4859 593 (1.7) 6.913.9 x 10| 0.27 MS Roy et al. (2015) and de
Martino et al. (2014)

PSR J1023+0038 592(1.7) 475/ L1 x 1073|020 | MS Archibald et al. (2009) and
Coti Zelati et al. (2014)

Agl X-1 550 (1.8) | 18.95| 1.4 x 10°2| 0.56 MS Casella et al. (2008) and
Mata Sdnchez et al. (2017)

Swift J1749.4—-2807 518(1.9) 8.82|55 % 1072 0.59 MS Altamirano et al. (2011)
and D’ Avanzo et al. (2011)

SAX J1748.9-2021 442(23) 8.77| 4.8 x 1074 0.1 MS Altamirano et al. (2008)
and Cadelano et al. (2017)

IGR J17498—2921 401 (2.5) 3.84/2.0 x 1073|017 MS Papitto et al. (2011b)

XTEJI814-338 314(3.2) 427|2.0 x 1073|017 MS Markwardt and Swank
(2003) and Wang et al.
(2017)

IGR J18245—2452 254 (39) | 11.03|23 x 1072 0.17 MS Papitto et al. (2013a)

IGR J17511-3057 245 (4.1) 347/ 1.1 x 1073 0,13 MS Papitto et al. (2010)

IGR J00291+5934 599 (1.7) 2.46/2.8 x 10} 0.039 | BD Galloway et al. (2005)

SAX JI808.4—3658 401 (2.5) 2.01/3.8 x 1075 0.043 | BD Wijnands and van der Klis
(1998) and Wang et al.
(2013)

HETE J1900.1—-2455 377 (2.1 1.39/2.0 x 10%] 0.016 |BD Kaaret et al. (2006) and
Elebert et al. (2008)

XTEJ1751-305 435(2.3) 0.71/ 1.3 x 10°6| 0.014 | He WD Markwardt et al. (2002)
and D" Avanzo et al. (2009)

MAXI J0911—-655 340 (2.9) 0.74| 6.2 x 1078 0.024 | He WD? Sanna et al. (2017a)

NGC6440 X—2 206 (4.8) 0.95| 1.6 x 1077 | 0.0067 | He WD Altamirano et al. (2010)

Swift J1756.9—-2508 182 (5.5) 0.91| 1.6 x 1077 0.007 | He WD Krimm et al. (2007)

IGR J16597—3704 105 (9.5) 0.77/ 1.2x107 | 0.006 | He WD Sanna et al. (2018)

XTE J0929-314 185 (54) 0.73| 2.9 x 1077 | 0.0083 | C/O WD Galloway et al. (2002) and
Giles et al. (2005)

XTE J1807—-294 190 (5.3) 0.67| 1.5 x 1077 | 0.0066 | C/0 WD Campana et al. (2003) and
D’ Avanzo et al. (2009)

IGR J17062—6143 164 (6.1) | > 0.28] - - - Strohmayer and Keek
(2017)

v, is the spin frequency. Py the orbital period, f; is the X-ray mass function, M, ;. is the minimum companion
mass for an assumed NS mass of 1.4 M. The companion types are: WD White Dwarf, BD Brown Dwarf, MS
Main Sequence, He Core Helium Star

Adapted and updated from Patruno and Watts (2012) D e genaar & Su1 eimaIlOV 20 1 8
b
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BW vs RB
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09(8) bm) T evaporation wind driven by the pulsar irradiation
»  The observations for the orbital period derivative show that some BW and RB
may be from AMXP or some AMXP will become BW or RB.
>  In theory, if an evaporation wind is considered in an AMXP system, the
system will evolve to a BW or RB soon, but it’s quite difficult to evolve back to
AMXP again.
>  What’s the evolutionary connection between AMXP and BW, RB?

Chen et al., 2013, ApJ



Angular momentum loss mechanism
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A&S: AS exchange between donor and orbit, resulting from variation of companion spin caused by
magnetic activity driven by pulsar irradiation (Applegate & Shaham 1994) .
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Misdiagnose the companion type?

(a)

(b)

-------

He et al., 2019
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Optical counterpart Thanks to HST
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»  Two magnitude increase from quiescence to outburst.
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The presence of Ho emission line indicate that accretion is taking place

Pallanca et al., 2013, ApJ



HST T ultra fast photometer
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To completely understand the properties and evolution of the

accreting NS binary, optical and UV observations are necessary!

= F
5+

10r-

5 MMM%JMAMMMW
. .
400.9 . 4 400.96
requ 4

00000

0.92 - ' l

1 t

| 1 1 1 1 1 0.9988

0.9 1 1 1
0 0.2 0.4

SAX J1808.4-3658

1
08 1 1.2 1.4 16 18 2

Rotational Phase (cycle)
PSR J1023+0038

YV V V V V

UV/optical pulsate with the same frequency of X-ray.

an amplitude of 0.55% and 2.6% for optical and UV, respectively. 5.7% for X-ray.
Anti-phase between X-ray and optical.
Current accretion models fail to explain the luminosity of the pulsations.
More likely driven by synchrocurvature radiation, implying that particle

acceleration can take place during mass-accretion phase.

Ambrosino et al., 2017, 2021, Nat. Ast
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Open problems

YV VYV

A\

YV V VYV VY

The connection between LM XB and AMSP, or MSP. Must there
be an AMXP phase between LMXB and radio MSP?

Most of LM XBs are without pulsation.

The lack of pulsed radio emission from AMXPs during
quiescence. Are all AMXPs turning on as radio millisecond
pulsars during quiescence ? And when and how?

The mechanism for a TMSP swinging between rotation-powered
and accretion-powered phases and their number (too rare).

The relation between UCXB(TMSP) and BW, RB.
Angular momentum loss mechanism
The mechanism for optical/UV pulsation.

Magnetic filed evolution.

To Build a complete sample!




» Wide
» Deep

> Multicolor
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Aim

eSearch for the potential candidate of accreting NS binary
and try to build a complete sample.

e ry to separate the companion and to obtain the properties
of companion.
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Multicolor disk + Companion

companion

Shakura & Sunyaev, 1973, A&A; Mitsuda et al., 1984, PASJ
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Wang & Chen, 2019, ApJ
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NO WD




predict accuracy rate : >97%

Disk brighter
ANSB

MS(>0.7)+MS(<0.7) MS(>0.7)+MS(>0.7) (0.81%)
(0.882%) HeMS+MS(>0.7) (29.44%)
MS(>0.7)+MS(>0.7) (7.76%) HeMS+HeMS (6.855%)
HG+MS(>0.7) (24.88%) HeHG+MS(>0.7) (59.7%)

t 1309447 502
st GB+MS(>0.7) (5.29%)
rue CHeB+MS(>0.7) (35.28%)  ONeWD+HeMS (3.227%)
CHeB+HG (2.998%)
ANSB 815 29011 HeWD+MS(>0.7) (6.527%)

COWD+MS(>0.7) (10.76%)
COWD+HG (5.645%)



Disk dimmer
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NS+companion : 1.3113M5+0.3866 M, NS+companion : 1.5128M5+0.294 Mg,

Binary: 2.8593 My+2.4476 My — CHeB+MS(>0.7 M) Binary: 2.1113 Mg+1.1774 Mg — HG+MS(>0.7 M)



Summary

e Accreting NS binary systems look similar to BS, WD + Dwarfs and sdB + Dwarf.
e [f WDs may be excluded by CMD, we may select the candidate by double color diagram.

e Machine learning may effectively identify the Accreting NS binary.

Thanks for your attention!



