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Accreting millisecond X-ray pulsars
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Pulse phase ≠ pure spin phase
Phase behavior reveals more than neutron-star rotation

MAXI J1957+032:

Pulse phase jumps

•  Pulse profiles with high harmonic content

•  No clear correlation between phase jumps
and X-ray count rate

•  Significant variation of the amplitude of
harmonic components with time

Phase (fundamental) Pulse profiles

Sanna+22

SAX J1808.4-3658:

Pulse phase jumps

•  The fundamental phase can
shift abruptly

•  Harmonic component remains
more stable

•  Jumps coincide with pulse profile
and amplitude evolution

Phase (fundamental) Phase (2nd harmonic)

Burderi+06

» Pulse phases are not always a clean tracer of neutron-star rotation.



















Thanks for listening!

Questions?
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Long-term (secular) spin evolution
IGR 17591-2342

Compatible with rotation-powered spin-down for 𝐵 ∼
(108−109) G

[Illiano+23]

SAX J1808.4-3658 IGR J00291+5934



Long-term (secular) spin evolution
IGR 17591-2342

Source Pspin (ms) Porb (h)
dPorb/dt (s/s)
(u.l. at 3 σ c.l.)

Ref.

SAX J1808.4-3658 2.5 2 -1.1(1) 10-15 Illiano+23

IGR J00291+5934 1.7 2.5 -4.1(1.2)10-15 Patruno+10
Papitto+11

SAX J1748.9-2021 2.3 8.8 -4.1(2) 10-15 Illiano+24

SWIFT J1756.9-2508 5.5 0.9 -4.8(6) 10-16 Sanna+18

XTE J1751-305 2.3 0.7 -5.5(1.2) 10-15 Riggio+11

IGR J17511-3057 4.1 3.5 -2.3(1.1) 10-15 Sanna+25

MAXI J1957+032 3.2 1.0 -2.2(0.4) 10-14 Sanna+25

IGR J17494-3030 2.7 1.2 -2.1(7) 10-14 Ng+21
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  B ∼   ( 10 8 −   10 9 )  

