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X-ray pulsations in AMPs

* mass and radius of the NS

* accretion torques acting on
these systems




TIMING NOISE OF SAX J1808.4-3658

Too rapid variations to be due to changes in the
accretion rate!

1.2

1.15

11 F

Phase

1.05

Normalized countrate (c/s)

0.95

0.9

0.85

L | L | 1 L 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 + |
Phase ] I ST TN S Y TN N SN NN SN TR SN S SR S N

Time (days since 52562.0 MJD)

[Burderi et al., 2006]
[Patruno & Watts, 2021]



SAX J1808.4-3658

1998 2002 2008 2015 2022
Discovery of [Papitto+ 2005; Burderi+ [Hartman+ 2009; [Sanna+ 2017; Patruno+ Latest
401 Hz 2006; Hartman+ 2008] Burderi+ 2009; Patruno 2017; Di Salvo+ 2019] outburst
: . 2009
pulsations: ] [Illiano+ 2023,
FIRST AMXP ApJL; Miraval
[Wijnands & van Zanont (in
der Klis 1998] prep.)]
1996 2000 2005 2011 2019
Discovery X-ray [Papitto+ 2005; [Hartman+ 2008] [Patruno+ 2012] [Bult+ 2020; Baglio+ 2020]

: Hart + 2008 . .
transient artman | Discovery of optical and UV
[in ‘t Zand+ 1998, pulsations
2001] [Ambrosino, Miraval Zanon+

2021]



SAX J1808.4-3658
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2.49 ms [Wijnands & van der Klis 1998,
2h [Chakrabarty & Morgan 1998, Nature]

Nature]
* Mcomp = 0.04 solar masses

e 10 outbursts since 1996

* Pspin
* Porb
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[Hartman et al.,2008]
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Count rate (c/s)

Phase residual (cycles)

NICER observation
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TIMING ANALYSIS

Ag(t) = g0 — Av(t —Ty) — % v (t—To)* + Rorn(t)

Parameter

Value

Epoch (MJD)
aisint (1t-s)
Porb ()

Tase (MJID)

59810.5956860
0.0628033(57)
7249.1600(13)

59810.6179996(17)

Linear phase model

v (Hz)
x> /dof

100.975209557(50)
699.1/285

[llliano+ 2023, ApJL]



250-’2““ Aqb(t) — ¢0 - Alj(t - TO) - % v (t — Tg)2 + Rorb(t) @

200} . [Bult+ 2020, AplL]
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Count rate (c/s)

e 7 Flux-adjusted phase model

% 0.05 . v (Hz) 400.975209535(50)

S o * ____________ ! * _____ b 1.44(49)

o ol il { } * r —0.81(12)

g | \ >/ dof 450.0/283
~0.15} [Illiano+ 2023, ApJL]
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NICER
NuSTAR
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Anti-correlation
between phase and
flux

Count rate (c/s)

XMM-Newton
9-10 September 2022
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[Ballocco+,in prep.]



When the source flux hits the minimum

Phase 1t harmonic 0.15 = 0.45
Phase 2" harmonic 0.35 = 0.60

Equivalent to a hot-spot displacement of =100°
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Numerical simulations of accretion onto a fast-rotating
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When the source flux hits the minimum

Amplitude of 1t harmonic 4% - 10%

Amplitude of 2" harmonic =

constant (2%)
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15t harmonic One spot 2nd harmonic
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[Miraval Zanon, Papitto, in prep.]

Count rate (c/s)

X-rays (XMM)

X-rays/UV pulsations in the

flaring state

120 -
100 no
[ ]
AW
PV
BD_ 1
i
F
Py
PN |
60 "U‘; P
] i
~
.t, \\.‘, ‘;V\ ‘\ F
\ N
40 \ !
A i
\
\ I
\ i
i I
1.b .
‘ﬁ\,f
T T T T T
59831. 9832.0 59832.2 59832.4 59832.6 59832.8 59833.0

Time[M]D]




300

count rate [s71]

count rate [s71]
=
u
o

2504

]
o

2004

1501

1004

504

o sk

2019

| 3 |
| |
I . |
I |
| |
EI El 10
R | o |
- ~
~ | ° nl
I | N
= -
21 g1 %
2 A
g1 2 %
| o E| $
o~ I
& | s
€ E
w v

Normalized rate

S’

- -

58700 58710 58720 58730 58740

Time [M)D]

¢ NICER

-—--XMM-Newton (Sept 9-10, 2022)

___SiFAP2ITNG (Aug 27, 2022)
L STIS/MST (Sept10,2022) _____

___________________f'_‘_
‘f“"’
Sre
-~
el T
- -
-
L

norm. rate

.
ay L . ..
.
U I I —————————————.]
59815 59820 59825 59830 59835 59840

Time [M)D]

Rotational Phase

2022

UV PULSATIONS

L, ~7.7x 108 erg/s
RMS UV amplitude ~ (2.6+0.7)%
L 2 x 1032 erg/s

uv (pulsed) ~

[Ambrosino, Miraval Zanon+ 2021, NatAstro]

0 05 1 1.5 2

L,, ~8.15x 10% erg/s
RMS UV amplitude ~ (1.6+0.3)%
L 1.4 x 1032 erg/s

uv (pulsed) ~

[Miraval Zanon+, in prep.]




OPTICAL PULSATIONS

L, ~5x10%*erg/s Ly ~ 6-7 x 10®° erg/s
201 9 Lo ~ 5 x 10% erg/s 2022 Ly ~ 3.6 x 103 erg/s
RMS opt. amplitude ~ (0.55+0.06)% RMS opt. amplitude ~ (0.23+0.02)%
31 31
Loot (pused) ~ 2.7 X 10°" erg/s Loot (puised) ~ 10°! erg/s
[Ambrosino, Miraval Zanon+ 2021, NatAstro] [Miraval Zanon+, in prep.]
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e Optical pulsations are still present at high X-ray luminosity when the mass accretion is active
* Higher X-ray luminosity - lower optical amplitude



OPEN QUESTIONS

* Why the rapid flux change in the decay
phase after the peak of the outburst
does not affect the phases as it does in

the reflaring phase?

* What is the process that produces the
optical and UV pulses in AMXPs?




THANK YOU FOR YOUR TIME AND ATTENTION!

Caterina Ballocco| caterina.ballocco@inaf.it

XMM-Newton Workshop, ESAC/ESA, 06/06/2024 06/06/2024



	Diapositiva 1: THE FIRST SIMULTANEOUS X-RAY/UV TIMING STUDY OF THE ACCRETING MILLISECOND PULSAR  SAX J1808.4-3658  Caterina Ballocco
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20: UV PULSATIONs
	Diapositiva 21: OPTICAL PULSATIONs
	Diapositiva 22: OPEN QUESTIONS
	Diapositiva 23: THANK YOU FOR YOUR TIME AND ATTENTION!

