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The anatomy of
an AMXP

Binary system where a neutron star
draws gas from a low-mass companion
star.

Matter flows through an accretion disk
that couples to the magnetic field of the
neutron star.
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Consider the magnetosphere

Magnetically confined accretion causes the
formation of a hotspot. The stellar rotation then
causes a geometric aspect variation: the apparent
effective area of the hotspot varies with the
rotational phase of the neutron star.

This leads to the appearance of pulsations.



Why do we care?

A couple reasons...

Pulsations allow for precision measurements
of key system parameters such as the spin
frequency, the binary orbit, and their
respective evolution, as well as the magnetic
field strength.

Pulsations originate from the stellar surface,
so their precise waveform encodes
information about the compactness of the
neutron star.

Pulsations can place a length scale on the
accretion process.




Accretion is noisy

The accretion flow is inherently
turbulent and that turbulence transfers
over to the pulse waveform.

This is both a challenge and an
opportunity.

Parfrey & Tchekhovskoy



Why use NICER? Discovery:

e High timing resolution
e Fastresponse

Characterization

e Good throughput
e Flexible monitoring capability




Known AMXPs by
discovery

NICER dominates the discovery and
subsequent characterization of AMXPs
in recent years.
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Source name

SAX J1808.4-3658
XTE J1751-305

XTE J0929-314

XTE J1807-294

XTE J1814-338

IGR J00291+5934
HETE J1900.1-2455
Swift J1756.9-2508
SAX J1748.9-2021
Aql X-1

NGC 6440 X-2

IGR J17511-3057
Swift J1749.4-2807
IGR J17498-2921
IGR J18245-2452
XSS J12270-4859
PSR J1023+0038
MAXI J0911-655
IGR J17062-6143
IGR J16597-3704
IGR J17379-3747
IGR J17591-2342
IGR J17494-3030
MAXI J1816-195
MAXI J1957+032

* - Intermittent AMXP
t - Transitional MSP
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MAXI ]1816 _ 19 5 A typical timeline

1. All sky monitor alert (MAXI/GSC, Swift/BAT)
2. Refine localization  (Swift/XRT, NICER raster)
3. Pointed observation (NICER)

so0l  x* x e NICER Pointing .
X X  X-ray burst

600

=
1)
=
=
.O
S
]
£
[
@
(m}

Count rate (ct/s)

Count rate (ct/s)
[ )
cj

400 e ® x, .
oat
NICER s.
8 |ocalization ® 200 | _
[ C_IMAXI confidence bounds (99%) |
2744 2743 2742 2741 2740 hd .
Right Ascension (deg)
OF ®Qneen o -
1 1 1 1 1
0 5 10 15 20 25

Time - MJD 59737.0 (days)

Bult et al. (2022)



MAXI J1957+032

A showcase of rapid discovery and
follow-up.

Declination (deg)
Count rate (ct/s)
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Systematic shifts in pulse phase

Kulkarni & Romanova (2014)



Year of outburst
'98 '00 '02 2005 2008 2011 2015 2019

0.2

T T T T T
Linear phase model +—=—i
Quadratic phase model —=—

Long-term spin
change

Flux phase model +—=—i

V - Vgg (MHZ)
e+

Between outbursts, magnetic dipole radiation 0.6 | N, -
spins down the neutron star. h

0.8 1 I 1 1 N
50000 52000 54000 56000 58000 60000

Time (MJD)

Spin-down gives a measure of the stellar

. Year of outburst
magnetic field strength. '08 '02'11 2000 1505 2019
Long term monitoring can reveals 02 '
astrometric position correction.

N
T
2
g 0f s ]
2 L
> -
3 ¥
0.1 + _
-0.2 . | T T | IR | R | S T |
0 60 120 180 240 300 360

Ecliptic longitude of Earth (degrees)

Bult et al. (2020)



IGRJ17062-6143
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IGRJ17062-6143

Pulsations were observed at ~9% in RXTE (red),

but appear much smaller in NICER (~2%).

This difference appears to be partially due to
the very different energy bands.
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IGRJ17062-6143

The continuous accretion is steadily
spinning up the neutron star. While
spin changes have measured for
various other AMXPs, J17062 is the
only case in which the spin change is

measured directly from frequency (as
opposed to phase based pulsar
timing).

This is completely independent of
phase shift uncertainties.
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NICER provides the key capabilities we need to

perform detailed studies of AMXPs
o  Rapid response
o  High time resolution
o  Monitoring capability
o  Good sensitivity

Five new AMXPs discovered in recent year

Several additional outburst observed from
previously known AMXPs



