ULTRAVIOLET AND OPTICAL PULSED EMISSION FROM

AN ACCRETING MILLISECOND X-RAY PULSAR

INAF — Observatory of Rome

Arianna Miraval Zanon

Collaborators: F. Ambrosino, A. Papitto, F. Coti Zelati S. Campana, P. D’Avanzo, L. Stella,
T. Di Salvo, L. Burderi, P. Casella, A. Sanna, D. de Martino, M. Cadelano, A. Ghedina,
F. Leone, F. Meddi, P. Cretaro, M. C. Baglio, E. Poretti, R. P. Mignani, D. F. Torres,
G. L. Israel, M. Cecconi, D. M. Russell, M. D. Gonzalez Gomez, A. L. Riverol Rodriguez,
H. Perez Ventura, M. Hernandez Diaz, J. J. San Juan, D. M. Bramich, F. Lewis

27 October 2021 — NUVA eMeeting




ACCRETING MILLISECOND X-RAY PULSARS

e Transient LMXBs showing coherent ms X-ray pulsations
e Alternate cycles of outburst and quiescence

P> outburst —> dominated by accretion disk
P> quiescence —> thermal emission from the companion star

Main features:
»> companion star mass M < 1Mg;
> orbital periods P, < 1 day;
» mass accretion spins-up the NS to ms periods
> rare systems (~ 20 discovered);

[Credit: R. Hynes]
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SAX J1808.4-3658

_First discovered
accretion-powered millisecond
pulsar (v ~ 401 Hz)

[Wijnands & van der Klis 1998, Nature, 394, 344]

» orbital period ~2 hours

» outburst recurrence of
about 1.6-3.3 yr

[Chakrabarty & Morgan 1998, Nature, 394, 346]
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SAX J1808.4-3658: 2019 OUTBURST

NICER light curve (7 August 2019-2 September 2019)

Ly ~ 10%erg /s
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AND OPTICAL OBSERVATIONS

MULTI-WAVELENGTH CAMPAIGN OF SAX J1808.4-3658

»> High time resolution TNG /SiFAP2 observation (PI Papitto)

> 7 August 2019

> 320-900 nm_band
duration: 3300 s

»> Hubble Space Telescope STIS/NUV-MAMA observation (PI Miraval Zanon)

> 28 August 2019
spectroscopic observation in TIME-TAG mode

>
> 157-318 nm band
» duration: 2240 s

Telescopio Nazionale Galileo SiFAP2 Hubble Space Telescope
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-3658: 2019 OUTBURST
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OPTICAL/UV PULSATIONS

UV and optical pulses have been observed in five rotation-powered
pulsars (e.g. Crab pulsar):

P isolated;
» slower and younger with
respect to millisecond pulsars;
> with high magnetic fields
(> 10'2 G)

...and in the transitional
millisecond pulsar PSR J1023+-0038
in the intermediate disk state
[Ambrosino, Papitto+ 2017; Papitto+ 2019;
Jaodand+ arXiv:2102.13145]
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PSR J1023+4-0038 AND SAX

P> Intermediate disk state < radio pulsar

state »  Outburst state = quiescent state
> Lx ~7x1033ergs™?! > Lx ~6x10%*ergs!
P> Optical emission lags X-rays by ~ 200 us » Optical emission lags X-rays by ~ 1.38 ms
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[Ambrosino, Miraval Zanon+ 2021, Nat Astr]
[Papitto+ 2019, ApJ]




ACCRETION-POWERED EMISSION

In SAX J1808.4—3658
» Leyeuvy ~ 6 % 10%° erg s7!
> Leye(opt) ~ 10%° erg s7!
o Lpuiseauvy =2 x 10°7 erg s™
1

o - 3 1
o Louised(opt) = 2.7 x 107" erg s

P

Energy of cyclotron radiation:
Lcyc(UV) < Lpulsed(UV)

Eeye ~ 1(B/10°G)eV Lcyc(opt) < Lpulsed(opt)

Cyclotron luminosity:

v2
Leye=A / (2nkT.v” /3¢%)dv
V1

Ultraviolet and optical pulse
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THERMAL EMISSION

Thermal emission from hot concentric
rings

Y
Fitting with a blackbody gives a
temperature 2 1 MeV
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REPROCESSING MODEL

The emission region of optical/UV pulsations must be < fePapin ~ 350km

2|8
Lyepro =0Tk A~ 10Pergs™! <5 x 1033 ergs !

rr
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ROTATION-POWERED EMISSION
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ROTATION AND ACCRETION-POWERED EMISSION

Star-disk interaction with high magnetic
diffusivity in the disk can open the NS
field lines, causing:
» the increase in the strength of the
relativistic pulsar wind
» the higher efficiency in rotation-powered
emission
» the observed spin-down during outburst

4

e X-ray pulsed emission from
accretion-powered mechanism

e UV /optical pulsed emission from
rotation-powered mechanism

[Parfrey K. et al., ApJ, 2016]
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OPEN QUESTIONS AND FUTURE PERSPECTIVES
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ONGOING PROJECTS




Itraviolet and optical pulsed emission from an accreting millisecond pulsar Arianna Miraval Zanon

Conclusions
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