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Both the recurrent X-ray transient A0538 —66 and its optical
counterpart undergo outbursts at intervals which are multiples
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Counting rate (counts s~ ')

of 16.6 days' . The times of outbursts are subject to apprecigble ; Skinner+82
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Unique optical behaviour
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Awakening in 2018 (after decades with low L)
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Burst durations
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CrossMark

Sometimes They Come Back: Pulsations in A 0538-66 at 69 ms Rediscovered with
NICER

Lorenzo Ducci' @ and Sandro Mereghettizﬂb

2023-01-09 | o . 69.3055(B)ms | PF=20:3%

Prob = 6.5x10-8,
accounting for >110
millions trials

Net Rate (counts/s)
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Recap

New outbursts in 2025/26: Lx ~ few 103° erg/s
— A0538-66 is a PULX in the LMC

Fast P at 69 ms confirmed with three new detections, but very elusive !
(— large fraction of NS in the ULX population)

Pulsations detected also at Lx ~ 1037 erg/s - B<31010G 1?
Episodes of fast (~10s) strong (x1000) X-ray variability

Bright optical flares near periastron even when no associated X-rays

Very luminous radio emission, likely a jet (see Crook-Mansour poster)

RGS spectra show emission lines from photoionized plasma at rest and blueshifted
absorption lines implying outflow at ~0.1c
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Conclusions

 Many of the properties of AO538-66 can be explained if the line
of sight to the NS is close to the edge of an inflated radiation

pressure dominated disk

* The striking differences wrt other Be/NS systems are due to the
very fast spin of the NS and the high eccentricity (e~0.7)

* X-ray pulsations are potentially a great diagnostic tool, but a
better determination of the orbital parameters is badly needed
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Scientific discussions in Cefalu - June 2014
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Unique optical behaviour among Be X-ray binaries
super-orbital period = 421 d

Ducci, SM, + 2019
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Periodic (orbital) optical outbursts
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* reprocessing of X-rays in a big dense envelope n=102 cm-3, Rout~3 1072 cm
' [Densham+83; Maraschi+83; Howarth+84; Apparao & Tarafdar 88; Ducci+19]

* reprocessing on surface of companion star — significant but not enough
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® Be XRBs heated surface
A0538-66
* === not heated

=== observed
--==- heated, ryer=5 x 10 cm
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Bursts spectral-intensity dependence
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2 components + broad Fe line

As flux Increases:

Brems: kT =0.35 — 0.42 keV
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Courtesy Caterina Tresoldi
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“Bursting pulsar” Short p.u.rsts. durir?g guper—Eddington gtates Causeq by |
instabilities in radiation pressure dominated accretion disk

GRO J1744-28

C Camnizzo 1996 ||
P =467 ms il )
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Duration ~ 10s
Recurrence ~ 1000s
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— - - u=14x10% Gcm? accr. disk

—-—. p=5x10%% Gcm?, accr. disk

Accretion onto NS
L « Mdot

Accretion stopped at Rwm
L « (Mdot)9/7
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u=10%" G cm?, atmosphere

——== u=10%?G cm?, accr. disk
— - - p=14x10%° G cm?, accr. disk

—.—. p=5x10%% G cm?, accr. disk

L magnetic reconnection T I-Spin-down
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Properties of radio emiSSION [crook-Mansour+ 2026]

Variable F ~ 0.1-10 mJy

@ 1.3 GHz
Orbitally modulated
Variable spectrum

a= -1to +0.5
Not polarised

Thermal emission from wind unlikely ( «,

mass loss too low)

Likely synchrotron in relativistic jet/
ejecta or shock with Be wind as In
gamma-binaries
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