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ABSTRACT

The way pulsars spin down is not understood in detail, but a number of possible physical mechanisms

produce a spin-down rate that scales as a power of the rotation rate (ν̇ ∝ −νn), with the power-law

index n called the braking index. PSR B0540−69 is a pulsar that in 2011, after 16 years of spinning

down with a constant braking index of 2.1, experienced a giant spin-down change and a reduction of its

braking index to nearly zero. Here, we show that following this episode the braking index monotonically

increased during a period of at least four years and stabilised at ∼ 1.1. We also present an alternative

interpretation of a more modest rotational irregularity that occurred in 2023, which was modelled as

an anomalous negative step of the rotation rate. Our analysis shows that the 2023 observations can be

equally well described as a transient swing of the spin-down rate (lasting ∼ 65 days), and the Bayesian

evidence indicates that this model is strongly preferred.

Keywords: Compact objects(288) — Neutron stars(1108) — Pulsars(1306) — Rotation powered pul-

sars(1408)

1. INTRODUCTION

The rotation rates of isolated pulsars decrease gradu-

ally over timescales that range from thousands to mil-

lions of years, due to electromagnetic radiation, plasma

flows, and the emission of gravitational waves. The ob-

served rates of loss of rotational kinetic energy, or spin-

down luminosity Ė = −4π2Iνν̇, cover more than eight

orders of magnitude and can be as high as 1038 erg s−1

for the youngest pulsars. Above, ν is the spin frequency,

ν̇ is its first time derivative (ν̇ < 0), and the moment of

inertia is taken to have a typical value of I = 1045 g cm−2

(e.g., Lorimer & Kramer 2004). It is customary to as-

sume a power-law scaling for the spin-down ν̇ as

ν̇ = −kνn , (1)
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in which n is called the braking index and k depends

on stellar parameters. The braking index is expected to

be n ≃ 3 if electromagnetic radiation from a rotating

dipole in vacuum dominates the spin-down, acceleration

of particle winds will give n ≃ 1, and emission of grav-

itational waves predicts values n > 3 (Harding et al.

1999; Glampedakis & Gualtieri 2018).

The braking index n can be estimated from observa-

tions as n = νν̈/ν̇2, assuming k constant, and provided

the very small ν̈ is reliably measured. Irregularities of

the generally stable pulsar spindown occur in all pul-

sars to some degree and contaminate measurements of

the long-term ν̈. Timing noise, a continuous wander-

ing of the rotation with respect to a simple spin-down

model, is a widespread phenomenon and can cause the

observed ν̈ to vary widely from negative to positive val-

ues (Hobbs et al. 2010). In a number of cases, timing

noise was found to consist of transitions between distinct
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states, characterised by different emission properties and

a different spin-down rate ν̇ (Lyne et al. 2010). Other

irregularities, more common to young pulsars, are spin-

up glitches: sporadic, sudden, and very fast increases

of the rotation rate (∆ν > 0 changes) usually accom-

panied by an abrupt spindown rate decrease (∆ν̇ < 0)

(Antonopoulou et al. 2022). Glitches are followed by

relaxation of the rotational parameters over timescales

of weeks to years, and this recovery often induces high

values of ν̈ (Liu et al. 2024). The few ν̈ measurements

available that might reflect the underlying, long-term

behaviour indicate braking indices of different values

and less than three (e.g., Livingstone et al. 2007; Es-

pinoza et al. 2017; Parthasarathy et al. 2020). A number

of processes have been suggested to explain the observed

n < 3, from strong spindown contributions by energetic

stellar winds (for which n = 1), to magnetic field evo-

lution or progressive decoupling of internal superfluid

components (e.g., Blandford & Romani 1988; Ho & An-

dersson 2012; Ho 2015; Ekşi 2017; Espinoza et al. 2017;

Wang et al. 2020).

PSR B0540−69 (PSR J0540−6919) is an energetic,

young, X-ray pulsar in the Large Magellanic Cloud that

rotates with a period of 50ms (ν ∼ 20 Hz). It ex-

hibits the third largest known spin-down luminosity,

Ė = 2 × 1038 erg s−1, which is likely to be the energy

source of a bright synchrotron nebula that surrounds

the pulsar and is visible from the radio waves to X-

rays (Ge et al. 2019; Xie et al. 2024). Considering only

electromagnetic dipole radiation (for which n = 3), the

orthogonal component of the dipolar magnetic field at

the surface is found as B = 3.2 × 1019
√
−ν̇/ν3. For

PSR B0540−69 this leads to B ∼ 6×1012 G, which is, to

some degree, high but still in the range of inferred dipole

fields of rotationally-powered pulsars (1011 − 1013 G).

This pulsar is often compared to the Crab pulsar, an-

other young and energetic object with a standard dipole

field strength and similar rotational parameters, which

also powers a luminous pulsar wind nebula (PWN).

However, the rotational behaviours of the Crab pulsar

and PSR B0540−69 are nothing alike.

For about 16 yr, from February 1996 to late 2011,

PSR B0540−69 had a stable rotational evolution with

a braking index of 2.13 ± 0.01 (Zhang et al. 2001; Liv-

ingstone et al. 2007; Ferdman et al. 2015). This regular

spindown was only interrupted twice, by small glitches

and their associated negative ν̇ steps (of ∼ 0.01% of

ν̇) which had no visible recovery. Such behaviour is

not unusual for pulsars with similar properties, and in-

deed, the Crab pulsar has mostly small to intermediate

size glitches and otherwise evolves with a rather stable

braking index close to 2.5 (Lyne et al. 2015). Then in

December 2011, extraordinarily, PSR B0540−69 began

spinning down much faster than before, with ν̇ decreas-

ing by about 36% (Marshall et al. 2015). This enormous

change was unexpected and did not appear related to

a glitch: the spin frequency showed no change, and the

measured ∆ν̇/ν̇ was 10 to 100 times larger than the typ-

ical known ν̇ changes due to glitches. Instead, the ob-

served spin-down rate change could have been driven by

magnetospheric changes, as there are reports of bright-

ening of the PWN at the time of the spin-down event (Ge

et al. 2019). Unfortunately, there were no pulse profile

or pulsed emission changes detected during this event

(or any other time) which could confirm involvement

of the magnetosphere (Ferdman et al. 2015; Marshall

et al. 2015; Ge et al. 2019; Tuo et al. 2024). Follow-

ing the 2011 ν̇-drop, the braking index was consider-

ably reduced: it was measured to be n = 0.03 ± 0.01

using a 480-days post-event dataset (Marshall et al.

2016), and n = 0.163 ± 0.001 using a 1100-days data

span (Kim & An 2019). An increasing trend, from

n = 0.1 ± 0.1 to n = 1.2 ± 0.2 was reported by Wang

et al. (2020) analysing shorter shorter intervals over an

extended 1500 days postevent data set.

More recently, Tuo et al. (2024) reported another rota-

tional episode, which occurred in July 2023. The event

was described as small decreases in both the frequency

and the spin-down rate, i.e., an antiglitch in spin fre-

quency, but accompanied with a glitch-like change of

the spin-down rate. In this letter, we present the ro-

tational evolution of PSR B0540−69 over the last 9.4

years, from February 2015 until July 2024, describe its

braking index behaviour, and re-analyse the 2023 event

presenting a different interpretation.

2. INSTRUMENTS AND OBSERVATIONS

PSR B0540−69 was discovered in X-ray observations

by Seward et al. (1984) and has subsequently been de-

tected in the optical, UV, gamma rays, and polarised X-

rays (Middleditch & Pennypacker 1985; Mignani et al.

2019; Fermi LAT Collaboration et al. 2015; Xie et al.

2024). Its radio emission is very faint: 0.1mJy in the

MeerKAT L-band (856-1712MHz) (Manchester et al.

1993; Johnston & Romani 2003; Geyer et al. 2021),

hence all timing observations of this pulsar are per-

formed in the X-rays, most notably by the Rossi X-ray

Timing Explorer (RXTE, Ferdman et al. 2015). Af-

ter the decommissioning of RXTE on January 2012,

Swift-XRT (Burrows et al. 2005) took on monitoring of

PSR B0540−69 for about four years starting on Febru-

ary 2015 and ending on February 2019. This cam-

paign started 3.1 years after the last RXTE observa-

tion, on Dec. 31, 2011; and is comprised of 78 observa-
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tions performed at monthly cadence with typical expo-

sure times of 0.5-2.5 ks, resulting in a total accumulated

(screened) exposure time of 134.2 ks. The XRT oper-

ated in WT-mode providing a time resolution of 1.7675

ms, amply sufficient to study the timing behaviour of

PSR B0540−69.

NICER (the Neutron Star Interior Composition Ex-

plorer Mission, Gendreau et al. 2016) started monitor-

ing observations of PSR B0540−69 soon after its launch,

on July 25, 2017, and it currently still executes obser-

vations of typically 0.5-2 ks at a weekly cadence. The

total accumulated screened exposure time up to and in-

cluding July 29, 2024 is about 110.4 ks. The NICER

monitoring observations show three large data gaps: I)

Mar. 24, 2018 – Mar. 20, 2019 , II) Jan. 22, 2021 –

Oct. 24, 2021 and III) Mar. 18, 2022 – Jan. 19, 2023.

Fortunately the first gap had full coverage by concurrent

Swift-XRT observations, so it is still possible to explore

the timing characteristics during that period. At the

end of the third NICER data gap on Dec. 29, 2022

long polarimetric X-ray (1-8 keV) observations by IXPE

(Weisskopf et al. 2022) had been initiated. The last of

the three observation clusters ended on May 12, 2023,

overlapping with the NICER monitoring program. In

total, 2.686Ms of screened exposure time had been ac-

cumulated with IXPE.

3. TIMING ANALYSIS AND RESULTS

We used the aforementioned X-ray observations, from

February 2015 to May 2024, to measure pulse arrival

times (ToAs) according to the method outlined in Sect.

4.1 of Kuiper & Hermsen (2009). These ToAs were sub-

sequently used for the timing analysis of the next two

subsections. Local fits to model the pulsar rotation close

to a reference time t0 are based on a Taylor expansion

of the rotational phase, as

ϕ(t) = ν0(t− t0)+
1

2
ν̇0(t− t0)

2 +
1

6
ν̈0(t− t0)

3 + · · · (2)

and were performed using the pulsar softwareTEMPO2

(Hobbs et al. 2006).

3.1. The braking index evolution

Figure 1 illustrates the evolution of the spin-down rate

ν̇, the second frequency derivative ν̈, and the inferred

braking index n over the last 9.4 years. The datapoints

are calculated from fits of Eq. 2 over shorter time spans

and, whilst their exact values are sensitive to the choice

of parameters such as interval length and number of

TOAs per fit (see figure caption for details), the results

are qualitatively robust.

Initially, the spin-down rate evolves under a rapidly

growing ν̈ for about four years. During this phase, the
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Figure 1. The evolution of ν̇ of PSR B0540−69 between
February 2015 and May 2024. Top panel : The spin-down
rate ν̇ measured from overlapping intervals approximately
80 d long, containing at least 6 TOAs each. The data win-
dow was moved by 10 d at each stride and for these short
fits ν̈ was held constant, at a value measured from a larger
TOA set (spanning at least 600 d). Middle panel : ν̈ mea-
sured over 250 d long, non-overlapping, time intervals. For
these fits, a third derivative of the frequency was included
in Eq. 2, which was held as a fixed parameter at a value
calculated from much longer intervals. These values are very
small (

...
ν < 10−28 Hz s−3) and model a slow increase of ν̈

that is observed across the studied dataset. Bottom panel :
The braking index n = νν̈/ν̇2 calculated from each fit of the
same intervals as in the middle panel. The blue, open circles
in the bottom panels show measurements corrected by the
2023 timing event, according to the TN model in Table 1.
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braking index n = νν̈/ν̇2 tracks the changing ν̈ and

increases from zero to n ≃ 1.1 (middle and lower panels

in Fig. 1; see also Wang et al. (2020)). Unfortunately we

cannot assess whether the rotation maintained an n ∼ 0

evolution between 2011 to 2015, or other developments

had taken place. For example, a conjectural backwards

extrapolation of the early trend seen in Fig. 1 would

suggest a negative ν̈ (and hence n) shortly before the

onset of the observations presented here.

The period of increasing ν̈ gave way to an approxi-

mately three years long period (2019, 2020, 2021), dur-

ing which both ν̈ and the braking index remain nearly

constant. The change of ν̈ during this stable phase is

still positive, but very slow (
...
ν ≃ (6±2)×10−30 Hz s−3).

There are not enough observations available for 2022 to

assess the stability of rotation during the second data

gap (Fig. 1), however, the first hundred days of the re-

sumed observations by NICER at the start of 2023 sug-

gest that the pulsar was evolving with a slightly larger

braking index, of 1.4 (not shown in Fig. 1, which only

displays results for 250-d long intervals).

After that, in mid-2023, the pulsar underwent a rota-

tional irregularity that cannot be described with a sim-

ple spin-down model as in Eq. 2 and is the focus of

the next subsection. After this latest event and towards

the end of our dataset, the new rotational state exhibits

n = 1.43±0.03, but more data are necessary to establish

the stability of this trend.

3.2. The 2023 timing irregularity

The irregular behaviour shortly after MJD 60000 –

clearly visible in Fig. 1 – was observed by NICER and

first reported by Tuo et al. (2024). The data and derived

rotational parameters around this event are presented

in Figure 2. The top panel displays timing residuals

(defined as the difference between the observed ToAs

and the model prediction) with respect to the best-

fit model of Eq. 2 in the time interval between MJD

59936.3 and MJD 60105.0. The deviation from that tim-

ing model becomes apparent beyond that date, with the

spin-frequency decreasing faster than predicted.

Including more terms (even up to ten time derivatives

of the frequency) in Eq. 2 still fails to describe the

evolution after MJD 60105 and does not produce flat

residuals dispersed around zero. Panels (b) and (d) of

Fig. 2 are illustrations of the frequency residuals and

spin-down rate residuals with respect to the pre-event

timing model, whilst panel (c) is the ν̇ curve. The data

points for these three panels have been calculated as in

Fig. 1, from overlapping segments of TOAs, therefore

fast changes on timescales shorter than 80 d have been

smoothed out. Nonetheless, the plots aid to visualise the
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Figure 2. The rotational evolution of PSR B0540−69 since
January 2023. (a) The timing residuals relative to a model
like Eq. 2 adjusted up to MJD 60105. The two vertical
segmented lines mark the epochs of the ν̇ changes according
to the TN model (tg1 and tg2), while the vertical dotted line
indicates tg according to the Glitch model. (b) Frequency
residuals relative to the same model. (c) The behaviour of ν̇.
The blue line represents the model used in the other panels.
(d) The residuals of ν̇ relative to the same model. Frequency
and spin-down rate values were calculated as in Fig. 1, thus
short term features (< 80 d) have been smoothed.

main features of the rotation before, during, and after

the 2023 event.

Tuo et al. (2024) modelled the irregularity as if it

were a glitch, with two discontinuities in ν and ν̇ at

MJD 60132. Their result gives a negative frequency step

∆ν < 0, and the event was named an anti-glitch because

typical glitches have ∆ν > 0 (Antonopoulou et al. 2022).

The spin-down rate change was found, however, to be

negative (∆ν̇ < 0, as usual in ordinary glitches), which

implies a progressive departure of the spin ν from its ex-



The irregular rotation of PSR B0540−69 5

pected values. In the following, we re-evaluate the glitch

model and present an alternative interpretation of the

event, which is more strongly supported by the data.

A basic glitch model (that is, without including a post-

glitch recovery) involves instantaneous, unresolved steps

in spin frequency ∆ν and spin-down rate ∆ν̇, whose

effects are added to the phase defined in Eq. 2 after the

glitch epoch, tg:

ϕg(t) = ∆ϕ+∆ν(t− tg) +
1

2
∆ν̇(t− tg)

2 , (3)

in which ∆ϕ ensures phase continuity across the event.

Using our updated, longer dataset, we tested a glitch

model as in Eq. 3 but were unable to obtain flat timing

residuals: obvious additional signal remains if only steps

in ν and ν̇ are considered. To obtain an adequate fit,

we must include an extra term describing a non-zero ν̈

change in the model of Eq. 3. The timing residuals of

this model are shown as blue squares in Figure 3 and

the best solution returns a frequency change of ∆ν =

−0.109 ± 0.004µHz, in good agreement with Tuo et al.

(2024).

Further inspection of the data, however, reveals that

this may not be the optimal description of the event. A

glitch leaves a cusp-like signature in the timing residu-

als –indicative of a discontinuity in spin frequency (Es-

pinoza et al. 2011; Antonopoulou et al. 2022), contrary

to the timing residuals of PSR B0540−69 in this case,

which show no indication of such feature (top panel in

Fig. 2). Instead, the frequency appears to change over

a relatively short – yet resolved – timescale. This, com-

bined with the fact that the spin-down rate ν̇ exhibits

a relative decrease after MJD ∼ 60100 which almost

completely reverts about 100 days later (panels (c) and

(d) in Fig. 2), suggest that this event could be instead

driven by a spin-down swing.

To test the above hypothesis, we develop and fit a sec-

ond model, in which ν̇ changes discretely at two different

times. We call this the TN model, as it resembles the

timing noise of some pulsars in which abrupt ν̇ changes

produce similar features (Shaw et al. 2018). The TN

model does not involve any sudden frequency changes,

hence ∆ν = 0, and can be written as:

ϕTN (t) = ∆ϕ1 +
1

2
∆ν̇1(t− tg1)

2+

H(t− tg2)

(
∆ϕ2 +

1

2
∆ν̇2(t− tg2)

2

)
, (4)

valid only for t > tg1 and where H is the Heaviside

function so that the second spin-down step ∆ν̇2 is added

only after tg2. Discrete changes of the phase (∆ϕ1 and

∆ϕ2, as for the glitch model,) associated with each event
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Figure 3. Timing residuals for the two models in Table 1.
The vertical dotted line shows the epoch tg for the Glitch
model, while the two vertical dashed lines mark the epochs
tg1 and tg2 for the TN model.

were also included, to ensure phase connection across

each epoch. The residuals of this model are denoted

with black circles in Fig. 3.

The following process was used to fit both the glitch

and the TN model to the data. First, we used

TEMPO2 to find the epochs (tg for the glitch model;

tg1 and tg2 for the TN model) that produced the small-

est weighted Root Mean Square (RMS) of the timing

residuals. These epochs are quoted in Table 1. In both

cases the epoch(s) uncertainties are about 2-3 d, mostly

reflecting the TOAs’ typical separation in time. Whilst

both models provide acceptable residuals, the RMS for

the TN model (445µs) is somewhat smaller than the

one for the glitch model (506µs). This can also be de-

tected by eye in Fig. 3, however such a difference is

not large enough to firmly favour one model over the

other. We note though that an f-test gives a probability

of 9× 10−6, which could be an indication that the extra

parameter of the TN model is justified. The χ2 and de-

grees of freedom (d.o.f.) for each fit are quoted in Table

1.

To draw conclusions on the preferred model, we then

used a Bayesian approach to data fitting and compared

the models’ evidence. For this, we used the timing soft-

ware package PINT (Luo et al. 2021) together with the

nestle library1, which uses Bayesian evidence and a

1 https://github.com/kbarbary/nestle
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Table 1. Inferred timing parameters of the 2023 rotational
irregularity for the two models considered. Errors corre-
spond to 68% confidence intervals of the posterior distribu-
tions.

Parameter Glitch model TN model

Epoch (MJD) 60050.0 60050.0

ν (Hz) 19.635893779(1) 19.635893780(1)

ν̇ (10−10 Hz s−1) -2.521821(2) -2.521803(2)

ν̈ (10−21 Hz s−2) 4.2(1) 4.67(2)

Event 1 (MJD) 60139 60105

∆ϕ1 0.01(1) 0.00(1)

∆ν1 (µHz) -0.109(4) –

∆ν̇1 (10−15 Hz s−1) -5(1) -31.2(4)

∆ν̈1 (10−22 Hz s−2) 6(1) –

Event 2 (MJD) – 60170

∆ϕ2 – 0.02(1)

∆ν̇2 (10−15 Hz s−1) – 21(1)

RMS (µs) 505.85 445.45

χ2/d.o.f. 94.8/79 73.5/78

log(Z) 591.24 603.71

ZGlitch/ZTN 3.8× 10−6

MJD range 59943.45 - 60520.27

Number of ToAs 88

Note—Event 1 epoch refers to tg in the glitch model and
to tg1 in the TN model. Event 2 refers to tg2 in the TN
model. The uncertainties for these values are 2-3 d (see the
text for more details).

nested sampling algorithm to explore the posterior dis-

tributions based on Feroz et al. (2009). We used 5,000

points and an evidence precision of 10−5. The event

epochs were held constant at the best values found be-

fore. The most likely parameter values and their 68%

confidence intervals are reported in Table 1. When com-

paring the final evidence (Z) of the glitch model over

the TN model, a Bayes factor of 3.8× 10−6 is obtained.

This result implies a strong preference for the TN model

compared to the Glitch model.

4. DISCUSSION

While the TN model may at first seem unusual, it

has the potential of characterising timing irregularities

in terms of physical processes that are often unexplored

and different from glitches. Glitches have characteristic

signatures and well established shared properties that

are best explained by angular momentum transfer from

an interior neutron superfluid to the rest of the star,

causing it to spin-up (Anderson & Itoh 1975). On the

other hand, the few reported antiglitches are typically

in pulsars of high magnetic field and magnetars, each

with its unique signature (Antonopoulou et al. 2022).

These events are often associated with emission vari-

ations, indicating a possible magnetospheric origin or,

at least, involvement. Smaller amplitude glitch-like and

antiglitch-like anomalies, with |∆ν| < 0.1µHz, are seen

in the Crab and Vela pulsar (which have inferred mag-

netic fields of the order 1012 G) and constitute a differ-

ent population from their glitches (Espinoza et al. 2014,

2021).

The TN model invokes rather fast changes in the

torque without the need for an instantaneous frequency

decrease. Such abrupt, transient, changes of ν̇, or even

routine switches between different values, have been seen

in several pulsars (e.g., PSR B1822−09; Hobbs et al.

2010; Shaw et al. 2018). They are mostly studied when

they correlate with detectable changes in the radio pulse

profile (Lyne et al. 2010), and can potentially explain

part of the timing noise seen in all pulsars. Indeed, Es-

pinoza et al. (2021) showed that several irregularities

in the rotation of the Vela pulsar can be described with

minute, sudden, changes just in ν̇ (with ∆ν = 0). More-

over, PSR B0540−69 has already displayed a significant

spin-down change in the past, hence it is not improbable

that these smaller spin-down changes were caused by a

similar physical process as the 2011 event.

We have also analysed one year of RXTE observations

from 2003, and found a similar episode to the 2023 one,

in which ν̇ at some point becomes smaller than the pro-

jection determined by ν̈. The 2003 event is close to the

second of the small glitches reported by Ferdman et al.

(2015), for which the measured changes ∆ν̇ are similar

in magnitude to those we find for the 2023 timing ir-

regularity. Our preliminary analysis indicates that the

2003 event can also be well modelled by a TN model.

Is it possible that the two small glitches were instead ν̇

changes, rather than real glitches? We will address this

question in future work, which will also aim to uncover

the overall rotational history of PSR B0540−69 using

archival data.

The relative magnitude of the 2011 ν̇ change is closer

to those seen in intermittent pulsars (Kramer et al.

2006; Young et al. 2013; Marshall et al. 2015), except

that so far ν̇ has not returned to its previous value,

and might never do so if PSR B0540−69 reached a new

steady state. In a sense, the collection of peculiar ν̇

behaviours from PSR B0540−69 resembles more the er-

ratic behaviour of magnetars. In fact, the pulsar’s cur-

rent trajectory in the P -Ṗ diagram is towards the mag-

netars region, as determined by the current n < 2. Note

that this trend commenced dramatically with the large
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2011 ν̇ change, when the inferred B increased by about

1012 G (and the characteristic age (−ν/2ν̇) decreased

by 440 yr). Unfortunately, it is not possible to use radio

band observations of PSR B0540−69 to better under-

stand its torque variability and its radio emission stabil-

ity.

Processes typically put forward to explain low brak-

ing indices like those observed for PSR B0540−69 in its

early stable period (until 2011) include significant con-

tributions to spin-down by outflows, or a time-varying

k in Eq. 1. Such changes can arise, for example, due to

magnetic field evolution in the neutron star crust or a

decreasing effective moment of inertia as – early in the

star’s life – the interior neutrons turn superfluid. Sharp

transitions though, as the large ν̇ drop in 2011, are most

likely caused by magnetospheric variations, such as in

the plasma outflow, or the overall structure e.g., the size

of the open field line region. Marshall et al. (2015) ex-

plore some of these mechanisms for the PSR B0540−69

case. It is unfortunate that there is a time period of

more than 1000 days without data after the 2011 giant

ν̇ drop, which leaves unclear if and how the steady in-

crease of ν̈ and the evolving braking index shown in Fig.

1 are somehow connected to it.

Finally, note that the behaviour described for the

braking index is determined by ν̈ values measured over

time spans which are considerably shorter than the

timescale of the pulsar rotational evolution. The un-

derlying longer-term trend is therefore still unclear. If

anything, the enormous 2011 decrease in ν̇ has made the

(discontinuous) long-term ν̈ very small, if not negative.

5. FINAL REMARKS

We have demonstrated that the 2023 rotational

episode seen in PSR B0540−69 can be successfully mod-

elled either as negative steps in both frequency and

spin-down rate, plus an increase in ν̈, or as a transient

change of the spin-down rate. The latter model, how-

ever, presents higher Bayesian evidence. Thus it may

be common for PSR B0540−69 to experience variations

of its spin-down rate, in the form of rapid changes in ν̇,

or in the form of a highly varying ν̈, or both. The pres-

ence of such rotational irregularities in PSR B0540−69

presents a great study opportunity because of its strong

ν̈ that can be accurately determined in relatively short

timescales. Based on knowledge derived from radio pul-

sar observations, it is likely that the torque variations

reflect magnetic reconfigurations or significant changes

in the magnetospheric plasma density and outflow. In-

terestingly, PSR B0540−69 also shows an unexplained

steady evolution of ν̈ over a timescale of at least ∼ 4

years, which resulted in its braking index changing from

nearly zero to a bit over 1, though during and after

the 2023 episode the new n approaches 1.5. All these

rotational features are not common in typical pulsars,

thus it is of utmost importance to regularly monitor

PSR B0540−69 by X-ray observatories, not only to ac-

curately follow its rotation but also its emission in order

to understand the role of the magnetosphere in the ob-

served evolution and track any variations. To that end,

continued observing in the radio (even if infrequent) is

also imperative, especially shortly after the detection of

any more rotational irregularities.
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