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ABSTRACT

We present a comprehensive study of the spectral properties of the accreting millisecond X-ray pulsar IGR J17498−2921 during its
2023 outburst. Similar to other accreting millisecond X-ray pulsars, the broadband spectral emission observed quasi-simultaneously
by NICER and NuSTAR is well described by an absorbed Comptonized emission with an electron temperature of ∼17 keV plus a disk
reflection component. The broadening of the disk reflection spectral features, such as a prominent iron emission line at 6.4–6.7 keV,
is consistent with the relativistic motion of matter in a disk truncated at ∼21 Rg from the source, near the Keplerian corotation radius.
From the high-cadence monitoring data obtained with NICER, we observed that the evolution of the photon index and the temperature
of seed photons tracks variations in the X-ray flux. This is particularly evident close to a sudden ∼–0.25 cycle jump in the pulse phase,
which occurs immediately following an X-ray flux flare and a drop in the pulse amplitude below the 3σ detection threshold. We also
report on the non-detection of optical pulsations with TNG/SiFAP2 from the highly absorbed optical counterpart.
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1. Introduction

Accreting millisecond X-ray pulsars (AMXPs; see, e.g.,
Di Salvo & Sanna 2022; Patruno & Watts 2021; Campana &
Di Salvo 2018) are relatively low-magnetized (B ∼ 108−109 G),
rapidly rotating (Pspin ≤ 10 ms) neutron stars (NSs) usually
hosted in tight binary systems. They attain their fast spin periods
through a billion-year-long phase in which they shine as bright
low-mass X-ray binaries (LMXBs), fueled by accreting matter
and angular momentum transfer from a sub-solar donor star.
When accretion stops, the NSs turn on as rotation-powered mil-
lisecond pulsars (MSPs), making them descendants of AMXPs
(Alpar et al. 1982; Radhakrishnan & Srinivasan 1982). The first
direct evidence of fast X-ray pulsations from an accretion-
powered NS in an LMXB came in 1998, proving that spin-up
to millisecond periods through accretion does occur in such sys-
tems (Wijnands & van der Klis 1998). AMXPs stand out from
the broader class of LMXBs for their coherent pulsations at the
NS spin period, which serve as critical diagnostic tools to mea-
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sure the NS properties and understand the emission mechanisms
in different states. These sources spend most of their life in quies-
cence, featuring an X-ray luminosity of LX . 1031−1033 erg s−1

(e.g., Campana & Di Salvo 2018). With recurrence times that
typically vary from a few months to years, they exhibit outburst
phases, during which their X-ray luminosity can increase up to
LX ∼ 1036−1037 erg s−1. At the time of writing, 261 AMXPs have
been discovered, with the most recent one identified in February
2024 (Molkov et al. 2024; Ng et al. 2024).

Unlike the typical behavior observed in non-pulsating
LMXBs, the majority of AMXPs do not undergo transi-
tions between hard and soft states during outbursts, lead-
ing to their common classification as hard X-ray transients

1 This count includes the three confirmed transitional millisecond pul-
sars (tMSPs), which are MSPs observed to swing between accretion-
powered and rotation-powered states within a few days (see, e.g.,
Papitto & de Martino 2022). However, to date, only the tMSP IGR
J18245−2452 has exhibited an accretion outburst with a peak X-ray
luminosity and duration comparable to other AMXPs (Papitto et al.
2013a).
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(Di Salvo & Sanna 2022). Their X-ray spectra are usually well
described by a Comptonization component featuring an elec-
tron temperature in the tens of keV range, alongside one or two
blackbody components, representing thermal emission from a
colder accretion disk plus a hotter emission region from a bound-
ary layer between the disk and the NS surface, or directly from
the surface itself (Gierliński et al. 2002; Gierliński & Poutanen
2005; Poutanen 2006; Marino et al. 2023). Additionally, a frac-
tion of Comptonized photons may illuminate the disk, result-
ing in a reflection component (see, e.g., Papitto et al. 2010;
Di Salvo et al. 2019; Sharma et al. 2019). The reflection process
often manifests as a broad iron Kα line at energies around 6.4–
6.7 keV, and a Compton back-scattering hump at ∼10−30 keV
(Gierliński et al. 2002; Di Salvo & Sanna 2022). Accurate mod-
eling of these spectral features provides valuable insights into
various physical parameters, including the ionization state and
the truncation radius of the inner accretion disk, the sys-
tem’s inclination, and the fraction of reflected Comptonized
photons.

IGR J17498−2921 was discovered during an outburst in
August 2011 by the International Gamma-Ray Astrophysics
Laboratory (INTEGRAL; Gibaud et al. 2011). Coherent 401 Hz
X-ray pulsations were detected with Rossi X-ray Timing
Explorer (RXTE), identifying the X-ray transient as an AMXP
(Papitto et al. 2011a). A broadband spectral analysis during the
2011 outburst was performed by Falanga et al. (2012), reveal-
ing spectral stability throughout the outburst and X-ray emis-
sion described by thermal Comptonization originating from a
heated slab located above the NS surface. Subsequent obser-
vations revealed thermonuclear X-ray bursts and burst oscilla-
tions (Ferrigno et al. 2011; Chakraborty & Bhattacharyya 2012),
leading to a distance estimate of ∼7.6 kpc from a photospheric
radius expansion burst observed with RXTE (Linares et al.
2011a). The NS orbits a >0.17 M� companion, with an orbital
period of ∼3.8 h (Papitto et al. 2011a). The source transitioned
back to quiescence at the end of September 2011 (Linares et al.
2011b).

On 2023 April 13–15, INTEGRAL identified a potential new
outburst from IGR J17498−2921 (Grebenev et al. 2023), later
confirmed by prompt, targeted follow-up NICER observations
(Sanna et al. 2023). NICER detected the source at a count rate
of ∼90 c/s in the 0.5–10 keV band, well above the ∼1 c/s back-
ground level.

In this paper, we report on observations of IGR J17498−2921
during its 2023 outburst performed with the X-ray telescopes
NICER and NuSTAR, and the fast optical photometer SiFAP2
mounted at the INAF Telescopio Nazionale Galileo (TNG). In
Sect. 2, we describe NICER, NuSTAR, and SiFAP2 data and
their reduction. Section 3 is dedicated to the spectral analysis,
discussing both the broadband spectrum and the spectral evolu-
tion throughout the outburst. We present a correlated spectral–
timing analysis in Sect. 3.3, with a more detailed study to be
presented in Strohmayer (in prep.), and the upper limit on the
optical pulsations in Sect. 4. We discuss our findings in Sect. 5.

2. Observations

2.1. NICER

The NASA soft X-ray telescope Neutron star Interior Compo-
sition Explorer (NICER; Gendreau et al. 2012) monitored IGR
J17498−2921 from 2023 April 20 (MJD 60054) until 2023
July 8 (MJD 60133; ObsIDs starting with 620377 and 656001;
total exposure of ∼130 ks; PI: P. Bult). We analyzed NICER

observations using HEASoft version 6.33.2 and NICERDAS
version 12, along with the calibration database (CALDB) ver-
sion 20240206. After retrieving the latest geomagnetic data
with the nigeodown tool, we processed the observational data
using the nicerl2 task. We corrected the photon arrival times
to the Solar System Barycenter using the JPL ephemerides
DE405 (Standish 1998). We adopted the source coordinates
R.A. (J2000)=17h49m55s.35 and DEC. (J2000)=−29◦19′19′′.6
(Chakrabarty et al. 2011). We used the same parameters to
correct arrival times observed by NuSTAR and TNG/SiFAP2.
The obtained cleaned event files were further used to gen-
erate spectral products using the nicerl3-spect task, with
SCORPEON background model version 22 setting the options
bkgformat=file. Using the ftools ftgrouppha, automatically
called by the nicerl3-spect task, we grouped the spectra
using the “optimal binning” scheme (Kaastra & Bleeker 2016),
with a minimum of 25 counts per energy bin (using the options
GROUPTYPE=OPTMIN and GROUPSCALE = 25). We extracted the
light curves in the 0.5–10 keV energy range with different time
bins using the nicerl3-lc pipeline, which estimates the back-
ground level using the SCORPEON2 background model (Fig. 1).
To perform the spectral and timing analysis of the persistent
emission, we filtered out the two type-I X-ray bursts observed
during the NICER coverage (see the bottom left and right pan-
els of Fig. 1). We estimated the bursts’ durations by comput-
ing the mean, µ, and the standard deviation, σ, of the pre-burst
counts’ distribution in the light curves binned at 0.1 s for the
first burst and 1 s for the second one due to the lower count
rate. The end of the burst was identified as the point in the
burst tail where the counts dropped below µ + 2σ. The excluded
time intervals were (60055.718125–60055.718486) MJD, and
(60062.536726–60062.545164) MJD.

2.2. NuSTAR

The NASA hard X-ray telescope Nuclear Spectroscopic Tele-
scope Array (NuSTAR; Harrison et al. 2013) observed IGR
J17498−2921 on 2023 April 23 for a net exposure of ∼41 ks
(ObsID 90901317002). We processed and analyzed the data
using the NuSTAR data analysis package (NUSTARDAS) ver-
sion v2.1.2 with the CALDB 20240325. We selected source
and background events from circular regions of 80′′ radius
centered at the source location and in a source-free region
away from the source, respectively. We extracted the spec-
tra for the two focal plane modules (FPMA and FPMB) and
the corresponding response files using the nuproducts com-
mand. During the NuSTAR observation, two type-I bursts were
detected. The first burst was filtered out following the pro-
cedure outlined in Sect. 2.1, with the excluded time interval
specified as (60057.804093–60057.804753) MJD. The second
burst occurred when the satellite was in proximity to the South
Atlantic Anomaly (SAA) and was automatically removed by
selecting the SAAMODE=OPTIMIZED option in the nupipeline
task.

2.3. TNG/SiFAP2

The Silicon Fast Astronomical Photometer and Polarimeter
(SiFAP2; Ghedina et al. 2018), mounted at the 3.58-meter
INAF Telescopio Nazionale Galileo (TNG; Barbieri et al. 1994)
observed IGR J17498−2921 on 2023 April 23 starting at

2 See https://heasarc.gsfc.nasa.gov/docs/nicer/
analysis_threads/scorpeon-overview/
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Fig. 1. Outburst evolution as monitored by NICER. Top panel: NICER 0.5–10 keV light curve using 10-s bins. The blue-shaded region represents
the epoch of SiFAP2 observation, while the red-shaded region represents NuSTAR observation. Bottom-left panel: Type I X-ray burst in the
0.5–10 keV light curve of ObsID 6560010101 binned at 0.1 seconds. Bottom middle panel: Zoom-in of the light curve of ObsID 6560010104
binned at 0.5 seconds showing the increase of the X-ray flux just after the end of NuSTAR observation. Bottom-right panel: Tail of type-I X-ray
burst in the 0.5–10 keV light curve of ObsID 6560010108 binned at 1 second.

04:04:30 UTC for ∼4.5 ks. During the 2011 outburst, a faint opti-
cal counterpart was proposed aligning with the known position
of the AMXP IGR J17498−2921 (Russell et al. 2011). We thus
pointed to the X-ray coordinates reported in Sect. 2.1. SiFAP2
has a pointing accuracy of 0.1′′ and a field of view of ∼7′′ × 7′′.
We employed a white filter spanning the 320–900 nm band and
peaking between 400 and 600 nm (i.e., roughly corresponding
to the B and V Johnson filters; see Supplementary Figure 1 in
Ambrosino et al. 2017). We used a proprietary pipeline for the
data reduction. The average seeing during the observation was
∼0.7 arcsec, and the average humidity fraction ∼55.7%. The
moon illumination was ∼16% and at an angular distance greater
than 170◦ from the target.

3. Spectral analysis

The spectral analysis was performed using the X-ray spectral fit-
ting package XSPEC (Arnaud 1996) version 12.13.1. We applied
the interstellar medium abundance and the cross-section tables
from Wilms et al. (2000) and Verner et al. (1996), respectively.
Uncertainties in the spectral parameters are given at 90-percent
confidence intervals unless otherwise stated.

3.1. Broadband spectral modeling

We first modeled the NuSTAR spectrum of IGR J17498−2921
(ObsID 90901317002) in the 3.0–79.0 keV energy band. We
included a renormalization factor in the fitting model to account
for cross-calibration discrepancies between the two focal plane
modules (FPMA and FPMB), ensuring that the values remained
consistent within 10%. We fixed the absorption column den-
sity to the Chandra estimate obtained during the 2011 outburst,
NH = (2.87 ± 0.04) × 1022 cm−2 (Torres et al. 2011). We first
attempted to model the spectra with an absorbed power law
but got a poor fit (its reduced chi-squared χ2

r being equal to
3.4 for 1745 degrees of freedom, d.o.f. in the following). Sim-
ilarly, an absorbed Comptonized emission model (nthComp;
Zdziarski et al. 1996; Życki et al. 1999) was tested but alone
failed to adequately represent the data (χ2

r = 1.4 for 1743 d.o.f.).
The residuals indeed suggested the presence of a reflection com-
ponent. We first added a Gaussian line to fit the broad residuals
at the energy of the iron Kα emission. The fit χ2 decreased by
∆χ2 = 880 compared to the previous case, implying a negligible
probability that the improvement was due to chance. The result-
ing line energy ((5.8 ± 0.2) keV) was significantly redshifted
with respect to the expected rest-frame energy range and had
a relatively large width ((1.8 ± 0.1) keV), suggesting the need
for taking relativistic effects into account. The broadness of the
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Table 1. Best-fit parameters for the broadband spectral model.

Model:
constant*TBabs*(gaussian+nthComp+rdblur*rfxconv*nthComp)

Component Parameter Value
Tbabs NH (1022 cm−2) 2.33+0.07

−0.05

Gaussian ELine (keV) 1.61+0.04
−0.07

σ (keV) 0.20+0.07
−0.05

NormLine 0.004+0.002
−0.001

nthComp Γ 1.95+0.02
−0.03

kTe (keV) 16.5+0.9
−0.8

kTseed (keV) 0.670+0.02
−0.01

NormnthComp 0.026+0.002
−0.004

F1−79 (10−10 erg cm−2 s−1) 6.50 ± 0.02
reflection model β −4+2

−6(?)

Rin (Rg
†) 21+17

−12
Rout (Rg

†) 1000(∗)

Incl. (degrees) ≥59.8
Refl. frac. −0.6+0.1

−0.2
Redshift 0(∗)

Fe abund. (solar units) 1(∗)

log ξ 3.31+0.05
−0.08

F1−79 (10−10 erg cm−2 s−1) 2.64 ± 0.02
Total F1−79 (10−10 erg cm−2 s−1) 9.14 ± 0.02

χ2/d.o.f. 1919.9/1858

Notes. (∗)Kept frozen during the fit. (?) The parameter reached its hard limit set at –10. (†) Rg = GM/c2 is the gravitational radius.

line prompted us to attempt modeling it with a diskline com-
ponent (Fabian et al. 1989). However, the fit always returned
extreme values for the parameters controlling the line width,
such as an inner disk radius of 6 Rg (where Rg is the grav-
itational radius, defined as GM/c2 ' 1.48 (M/M� and thus
equal to ∼2.1 km for a 1.4 M� NS) and a system inclination
of 90◦. We thus adopted a self-consistent reflection model using
the rfxconv convolution model (Kolehmainen et al. 2011) with
the relativistic blurring kernel rdblur (Fabian et al. 1989),
integrated with a Comptonized continuum, with parameters
fixed to match those of the existing nthComp component
within the model (as detailed in previous work; see, e.g.,
Anitra et al. 2021). The reflection fraction was set to negative
values so that the rfxconv model returns only the reflection
component. The adopted model was structured as constant
*TBabs*(nthComp+rdblur*rfxconv*nthComp). As recom-
mended in the XSPECmanual, we extended the energy range over
which the rfxconv model is calculated up to 500 keV and lim-
ited the output spectrum to 79 keV3.

The Comptonized continuum was described by a photon
index of Γ = 1.96+0.01

−0.02, an electron temperature of kTe =

17.1+0.9
−0.7 keV, a seed photons temperature of kTseed = (0.58 ±

0.02) keV, and a nthComp normalization of NormnthComp =

0.038+0.003
−0.005. From the rdblur convolution model, we obtained

that the index of the power law describing the emissivity was
β = −3+1

−7 (with the lower uncertainty indicating that the param-
eter reached its hard limit of −10), and the inner accretion disk

3 https://heasarc.gsfc.nasa.gov/xanadu/xspec/
XspecManual.pdf.

radius was Rin = 13+14
−7 Rg (with the lower uncertainty indicat-

ing that the parameter reached its hard limit set at 6 gravita-
tional radii). We fixed the outer disk radius at 1000 Rg due to
the energy resolution constraints of NuSTAR, as discussed in
Di Salvo et al. (2019), and the system’s inclination to 70◦ since
otherwise it was not well constrained. In the absence of precise
inclination estimates for the system (see Sect. 5.3 for a discus-
sion), we chose 70◦ as an upper limit due to the lack of observed
eclipses. Finally, from the rfxconvmodel, we obtained a reflec-
tion fraction of −0.5+0.1

−0.2 and an ionization parameter of the disk
of log ξ = 3.30+0.05

−0.09, keeping the iron abundance fixed at the solar
value. The χ2 of the fit was 1732.8 for 1739 d.o.f.

Based on the results obtained from the spectral analysis of
NuSTAR data, we further investigated the broadband spectral
properties of the source also using quasi-simultaneous obser-
vations with NICER (ObsID 6560010103) in the 1.0–10.0 keV
energy range. We did not consider exactly simultaneous NICER
observations (ObsIDs 6203770103, 6203770104, 6560010104)
because they were affected by a high background count rate,
making it unfeasible to constrain the spectral parameters as
discussed in Sect. 3.2. To address cross-calibration uncertainties
between the two X-ray telescopes, we included a renormal-
ization factor in the model. We consistently verified that the
discrepancies in the values for the constant term obtained from
different instruments did not exceed 10%. As mentioned before,
Chandra observations of IGR J17498−2921 during the 2011
outburst provided an estimate of the absorption column density
of NH = (2.87±0.04)×1022 cm−2 (Torres et al. 2011), later used
by Papitto et al. (2011a) for fitting Swift/XRT and RXTE/PCA
spectra. On the other hand, Falanga et al. (2012) studied the
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Fig. 2. Broadband X-ray spectrum of IGR J17498−2921 as observed
on 2023 April 23 by NICER (blue), NuSTAR/FPMA (orange), and
NuSTAR/FPMB (green). For NICER we analyzed ObsID 6560010103
in the 1–10 keV energy band, while NuSTAR ObsID 90901317002
is in the 3–79 keV band. The fitted model is constant*TBabs*
(gaussian+nthComp+rdblur*rfxconv*nthComp) (Table 1; see
Sect. 3.1 for details). The bottom panel displays the residuals from the
fit, while the middle panel shows the residuals obtained after removing
the reflection component and repeating the fitting procedure. The data
are rebinned for visual purposes.

broadband spectra of the source during the same outburst
using INTEGRAL/ISGRI, RXTE/PCA, and Swift/XRT data
and found smaller values, namely NH ∼ 1.2−1.5 × 1022 cm−2.
Consequently, given the wide energy range analyzed, we
decided to let the neutral absorption column density be free to
vary (see Table 1). We added a Gaussian line to every model
attempted to account for the residuals at ∼1.6−1.7 keV in the
NICER spectrum (for a discussion on this feature see Sect. 3.2).
To best describe the reflection component observed when fitting
NuSTAR spectrum, we adopted again the rfxconv convolution
model with the relativistic blurring kernel rdblur. We con-
volved the reflection component with the nthComp component
already present in the model, leading to: constant*TBabs*
(gaussian+nthComp+rdblur*rfxconv* *nthComp) (see
Table 1 and Fig. 2). The best-fit parameters were consis-
tent with those obtained when fitting the model solely to
the NuSTAR spectrum. Several studies reporting reflection
spectra from AMXPs suggested a moderate excess of iron at
approximately twice the solar value (see, e.g., Papitto et al.
2013b; Di Salvo et al. 2019; Sharma et al. 2020). We tentatively
allowed the iron abundance to vary or set it at twice the solar
value. However, these attempts did not improve the χ2 of the fit.
In Table 1, the relative fluxes for the Comptonization and the
reflection components are calculated in the 1–79 keV range.

3.2. Spectral evolution

To search for any variability in the spectral properties of the
source during the outburst, we exploited the high-cadence moni-
toring performed with NICER. We analyzed data acquired from

2023 April 20 (MJD 60054) to 2023 May 3 (MJD 60067; ObsID
6560010113; see Table B.1). Subsequent observations started
from 2023 May 15 (ObsID 6560010114) when the count rate had
decreased by a factor greater than about 20 compared to previous
observations and the background counts constituted ∼70% of the
total. Owing to the poor statistics, we excluded these observa-
tions from the study of the spectral evolution. In our analysis,
we paid particular attention to the emission properties in corre-
spondence with the jump of the pulse phase occurring between
∼60060.88 and 60061.91 MJD (see Sect. 3.3).

We analyzed NICER spectra in the 1.0–10.0 keV band
to avoid dealing with instrumental noise present at lower
energies (e.g., Manca et al. 2023a). Observations with ObsIDs
6203770103, 6203770104, 6560010104, and 6560010108 were
affected by a high background. While in the other NICER obser-
vations the background counts constituted about 1–2% of the
total, in these particular observations the background counts
increased to ∼9%, 10%, 14%, and 7%, respectively. Attempts to
fit these spectra, even by fixing some parameters based on pre-
vious estimates, resulted in a systematically lower photon index
(Γ ∼ 1.5, whereas the weighted average obtained from the other
spectra was 1.765 ± 0.009; see Table B.2 and Fig. 3). To ensure
consistency in studying spectral variability during the outburst,
we opted to exclude these observations from our analysis.

The continuum was well described by an absorbed Comp-
tonized emission. Due to NICER lack of spectral coverage above
10 keV, we were unable to accurately determine the electronic
temperature. Therefore, we set kTe to 20 keV for all spectra, fol-
lowing the result obtained from the broadband spectral analysis
(Table 1) and aligned with the typical values observed in simi-
lar sources. We fixed the neutral absorption column density at the
Chandra estimate of NH = (2.87±0.04)×1022 cm−2 (Torres et al.
2011) in order to better constrain the other spectral parameters
and investigate a possible spectral evolution.

The inclusion of a Gaussian line centered at ∼1.7 keV (see
Fig. 4) always significantly improved the data modeling. The F-
test probability was always lower than ∼9 × 10−4. While the F-
test statistic is typically not appropriate for confirming the addi-
tion of a Gaussian component, as outlined by Protassov et al.
2002, extending the normalization range to negative values per-
mits its application to demonstrate improved fit, as noted by
Anitra et al. (2021). Modeling NICER spectra of the LMXB
SWIFT J1749.4−2807, Marino et al. (2022) added a Gaussian
line at ∼1.7 keV, reporting that this feature is most likely a Si
fluorescence line from the Focal Plane Modules (according to
private communication with M. Corcoran).

We also tried to add a blackbody to our model, but it was
undetectable likely due to the limited statistics of the NICER
spectra. Despite the F-test indicating that including this com-
ponent significantly improved the χ2 of most fits, the resulting
best-fit parameters deviated considerably from those typically
observed in other AMXPs. Specifically, the black-body temper-
ature reached up to 2 keV, while the normalization was very low,
corresponding to a radius of ∼1 km (assuming a distance of
7.6 kpc) or less. This suggested that the black-body component
was not addressing a soft excess but rather fitting residuals of
the Comptonization component. Consequently, we decided not
to include this component.

Given the prominent reflection component observed in the
broadband spectrum (Sect. 3.1) and the spectral stability shown
by this source, we attempted to account for any residual fea-
tures in the energy range where the iron line is expected, namely
∼6.40–6.97 keV, with a Gaussian line. Following the procedure
described in recent works (e.g., Manca et al. 2023b), where the
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Fig. 3. Temporal evolution of the main spectral parameters describing
the continuum emission of IGR J17498−2921 observed with NICER,
along with the iron line. The top panel shows the 0.5–10 keV light curve,
and the second panel reports the unabsorbed 1–10 keV flux. The asso-
ciated uncertainties are reported at a level of statistical confidence of
90 percent. Downward-pointing triangles represent 90 percent c.l. upper
limits estimated when a parameter could not be properly constrained,
while the star-shaped points represent fixed values for the parameters.
The spectral parameters are reported in Tables B.2 and B.3. The yellow-
shaded region indicates the time interval in which the phase jump occurs
(see Sect. 3.3).

Fig. 4. Temporal evolution of the likely Si fluorescence line at ∼1.7 keV.
The top panel shows the 0.5–10 keV light curve. The associated uncer-
tainties are reported at a level of statistical confidence of 90 per-
cent. Star-shaped points represent fixed values for the parameters.
The spectral parameters are reported in Table B.3. The yellow-shaded
region indicates the time interval in which the phase jump occurs (see
Sect. 3.3).

significance of the iron line is assessed by computing the ratio
between its normalization and the associated uncertainty at 1σ
confidence level, we found that in all spectra the normalization
did not deviate from the continuum by more than ∼3σ. However,
we verified that the addition of this Gaussian line did not signif-
icantly change the other parameters, so we added it to the model
owing to the strong reflection observed in the broadband spec-
trum (see Fig. 3). The non-detection of the iron line, despite its
prominence in the broadband spectra, is attributed to the lower
spectral resolution of NICER compared to NuSTAR, which hin-
ders our ability to accurately fit this feature.

In summary, the model that best describes the majority of
NICER spectra was TBabs*(nthComp+gaussian+gaussian).
The best-fit spectral parameters are reported in Tables B.2 and
B.3.

3.3. Correlated spectral–timing evolution

To study the correlated evolution of the spectral and timing prop-
erties of IGR J17498−2921 during its 2023 outburst, we provide
a timing analysis of the coherent pulsations based on NICER
data. We refer to Strohmayer, in prep. for a detailed analysis of
the timing properties of the source during this outburst.

In order to correct the photon arrival times for the pulsar
orbital motion in the binary system, we first propagated the
orbital parameters found in Papitto et al. (2011a). We divided
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Table 2. Timing solution for IGR J17498−2921 during the 2023 out-
burst.

Parameter Value

RA (J2000) 17h49m55s.35
Dec (J2000) −29◦19′19′′.6
JPL Ephemeris DE405
Epoch (MJD) 60054.0349452
Porb (s) 13835.616(70)
a1 sin i (lt-s) 0.365201(23)
Tasc (MJD) 60054.0855811(37)
ν̄ (Hz) 400.990186043(23)
χ̄2/d.o.f. 916.8/88
ν1 (Hz) 400.990185623(58)
χ2

1/d.o.f. 372.1/52
ν2 (Hz) 400.990185910(62)
χ2

2/d.o.f. 80.3/31

Notes. The timing solution was obtained adopting the source coordi-
nates from Chakrabarty et al. (2011). The term Porb is the orbital period,
a1 sin i is the projected semimajor axis, and Tasc is the epoch of pas-
sage at the ascending node. To take into account the large value of the
reduced χ2 obtained from the fit, we rescaled the uncertainties of the
fit parameters by the square root of that value (see, e.g., Finger et al.
1999). Uncertainties are the 1σ statistical errors.

our data into 1000-s long segments and folded them around our
best estimate of the pulsar spin frequency, using 16 phase bins.
We modeled the pulse profiles with a constant plus the funda-
mental harmonic term, retaining only the data in which the sig-
nal was detected with an amplitude significant at more than a 3σ
confidence level. Table 2 shows the best-fitting orbital and spin
parameters we obtained by modeling the time evolution of the
pulse phase computed over the first harmonic with a constant fre-
quency solution, ν̄, (see, e.g., Illiano et al. 2023, and references
therein). We estimated the systematic uncertainty on the spin fre-
quency due to the positional uncertainties of the source (see, e.g.,
Lyne & Graham-Smith 1990; Burderi et al. 2007; Sanna et al.
2017a). Adopting the positional uncertainties of 0.4′′ at 1σ con-
fidence level reported by Papitto et al. (2011a), we estimated
σνpos 6 7.8 × 10−8 Hz.

Our results are compatible with those of Strohmayer, in
prep.. We observed a phase jump of ∼–0.25 cycles in the phases
occurring between 60060.881021–60061.911115 MJD (bottom
panel of Fig. 5), just after an episode of increased flux. We also
found that, in correspondence with the X-ray flare, the amplitude
of the pulsations dropped below the detection threshold (middle
panel of Fig. 5, where the triangles represent the 3σ upper limits
computed following the procedure in Vaughan et al. 1994). We
modeled data separately taken before and after such phase jump
(see orange dotted line in Fig. 5). The two solutions, with the
two values of the spin frequency indicated in Table 2 as ν1 and
ν2, respectively, exhibit reduced χ2 values that are still relatively
large but lower than that of the overall solution.

During the 2011 outburst of IGR J17498−2921, Papitto et al.
(2011a) estimated a spin frequency of 400.99018734(1) Hz and
a first derivative equal to −6.3(1.1) × 10−14 Hz/s at the reference
epoch 55786.124 MJD. Assuming that the NS kept spinning
down at this rate during the outburst until it returned to quies-
cence on 2011 September 19 (MJD 55823; Linares et al. 2011b),
the spin frequency should have varied to 400.99018714(4) Hz.
Using the timing solution obtained before the phase jump (i.e.,

Fig. 5. Temporal evolution of the 2023 outburst monitored with NICER.
Top panel: the 0.5–10 keV light curve using 10-s bins. The type-I X-
ray burst (Fig. 1) was filtered out to perform the timing analysis. Sec-
ond panel: pulse fractional amplitude. Bottom panel: pulse phase. The
orange dotted line represents the data modeling conducted separately
for the intervals before and after the phase jump (see Table 2), along
with a vertical line indicating the phase jump of ∼–0.25 cycles.

the spin frequency ν1 in Table 2), we obtained a long-term spin
derivative of ν̇SD = −4.1(2) × 10−15 Hz/s. This value is of the
same order of magnitude as the secular spin-down observed in
other AMXPs, such as SAX J1808.4−3658 (Illiano et al. 2023),
IGR J00291+5934 (Papitto et al. 2011b), and XTE J1751−305
(Riggio et al. 2011), and compatible with the expected emission
from a ∼108 G rotating magnetic dipole (see Sect. 5.1 for a
detailed discussion).

We investigated potential spectral changes around the pecu-
liar phase jump of ∼–0.25 cycles around 60060.881021–
60061.911115 MJD. Fitting the time evolution of the main spec-
tral parameters with a constant model revealed variations in the
photon index, Γ (χ2

r ∼ 6.0 for 13 d.o.f.), and the seed photons’
temperature, kTseed (χ2

r ∼ 2.8 for 13 d.o.f.). Specifically, both the
Γ and kTseed tracked the flux variations showed during and after
the X-ray flare that preceded the phase jump (see Fig. 3).

4. Fast optical variability

Motivated by the discovery of optical pulsations from a transi-
tional (Ambrosino et al. 2017) and an AMXP (Ambrosino et al.
2021), we searched for a coherent signal in the Leahy-
normalized Fourier power spectrum (Leahy et al. 1983) of
SiFAP2 data obtained after correcting the photons’ times of
arrival with the orbital parameters listed in Table 2. Fitting the
power spectrum in the range 450–800 Hz (i.e., not including
the frequencies where the harmonics of the coherent signal are
expected) with a constant, we realized that both the average
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and standard deviation of the noise level were r ' 2.26, sig-
nificantly higher than the expected value of r̄ = 2. The ori-
gin of such a discrepancy was likely related to a higher noise
variance due to detector cross-talk and will be addressed in a
separate paper (La Placa et al., in prep.). Here, we rescaled the
power observed in each frequency bin by the ratio r̄/r to avoid
overestimating the significance of any putative signal. The fre-
quency resolution of a power spectrum performed on the whole
observation length (tobs = 4.5 ks, δν = 2 × 10−4 Hz) is much
coarser than the accuracy in the available pulsar ephemeris (see
Table 2). Therefore, the search for a coherent signal in the opti-
cal band at the known spin frequency of the NS was limited
to a single-trial search. As a result, the power threshold for
a signal to have a probability of less than p = 2.7 × 10−3

of being due to chance4 was ∼2 ln (1/p) ' 11.8. Given the
total number of counts (∼1.3 × 108), the power value of 3.3
we observed translated into an upper limit of ∼0.06% on the
pulse amplitude (evaluated according to Vaughan et al. 1994).
The upper limit on the background-subtracted amplitude was
likely much higher. In fact, the background observed from a
region located 25 arcsec away from the target (i.e., outside the
7 × 7 arcsec region observed when pointing at the source posi-
tion) towards the east direction for 150 s (∼2.91 × 104 c/s) was
compatible with the count rate observed from the source. Dur-
ing the 2011 outburst, an optical counterpart with a magnitude
of i′ = 22.5 ± 0.7 was proposed (Russell et al. 2011). Consider-
ing the Galactic hydrogen column density observed towards the
source (NH = 2.87(4)×1022 cm−2), we expected an extinction of
'10 and 5 mag in the V and i′ bands, respectively (Cardelli et al.
1989; Foight et al. 2016). Assuming the same optical spectrum
of PSR J1023+0038 (Coti Zelati et al. 2014), we then antici-
pated a low observed V magnitude (Vsrc ' 27.5 mag) due to
interstellar absorption. The predicted SiFAP2 source countrate5

(∼1 c/s) was thus much lower than the background and prevented
us from finding a meaningful upper limit on the background-
subtracted pulse amplitude.

5. Discussion and conclusions

5.1. Phase jump

The coherent timing analysis of X-ray pulsations from IGR
J17498−2921 during its 2023 outburst highlighted the occur-
rence of a phase jump of ∼–0.25 cycles just after a X-ray flare
coinciding with a decrease in the pulse amplitude below the 3σ
significance level (see Fig. 5 and Strohmayer, in prep.). Erratic
variations in the X-ray phases of AMXPs during outbursts, com-
monly referred to as timing noise (see Patruno & Watts 2021, for
a review and references therein), have been documented in dif-
ferent sources, such as SAX J1808.4−3658 (Burderi et al. 2006;
Hartman et al. 2008), XTE J1814−338 (Papitto et al. 2007),
XTE J1807−294 (Riggio et al. 2008; Chou et al. 2008), and
MAXI J1957+032 (Sanna et al. 2022). The origins of timing
noise are not yet fully understood, but potential causes include
instabilities in the accretion flow (e.g., Burderi et al. 2006;
Papitto et al. 2007; Patruno et al. 2009b), disk-magnetosphere
interactions (Kajava et al. 2011), and changes in the NS internal
dynamo processes (Long et al. 2012). These irregularities hinder
the understanding of spin evolution, making it challenging to dis-
entangle contributions from accretion torques and other stochas-
tic processes.
4 The false alarm probability, denoted by p, is defined as 1 −C, where
C is a confidence level set at 3σ (see, e.g., Vaughan et al. 1994)
5 https://www.tng.iac.es/instruments/sifap2/

Particular attention has been paid to the hypothesis that
phase jumps could stem from hot spot drifts on the NS sur-
face, as reproduced in magnetohydrodynamic (MHD) simula-
tions (e.g., Romanova et al. 2004; Kulkarni & Romanova 2009,
2013. Lamb et al. (2009) proposed that, when the NS magnetic
and rotational axes are almost aligned, slight variations in the
mass accretion rate result in inflowing matter being channeled
along significantly different sets of field lines, producing com-
paratively large displacements of the emitting regions on the
NS surface. According to the “nearly aligned moving spot”
model, an increase in pulse amplitude should correspond to a
decrease in phase scatter. This phenomenon can be understood
by considering two main factors. Firstly, when a spot is cen-
tered on the spin axis, its emission is axisymmetric, leading to
no modulations. As the emitting spot gets farther from the spin
axis, it becomes slightly asymmetric, producing weak modula-
tions. Consequently, even a small shift in latitude can greatly
affect the pulse amplitude. Secondly, a small displacement in
the azimuthal position of the emitting spot causes a significantly
larger phase shift when it is near the spin axis compared to
when it is farther away. Our observations align with this expec-
tation. As shown in Fig. 5, the pulse amplitude ranges from ∼3–
6% before the phase jump (∼60054–60061 MJD) to ∼5–12%
after it (after ∼60062 MJD). This variation in coincidence with
a decrease in X-ray flux has already been observed in several
AMXPs, such as MAXI J1957+032 (Sanna et al. 2022), SAX
J1808.4−3658 (Bult et al. 2022; Illiano et al. 2023), and MAXI
J1816−195 (Bult et al. 2022). In our case, before the phase jump,
there is a noticeable phase scatter when the pulse amplitude is
lower, whereas afterward higher amplitudes are accompanied
by more stable phases. The root mean squares of phase resid-
uals obtained using the corresponding timing solutions before
and after the phase jump (see Table 2) are (0.063 ± 0.009)
and (0.036 ± 0.006) cycles, respectively, confirming this transi-
tion. As mentioned before, Lamb et al. (2009) suggest that the
non-detectability of pulsations can be attributed to a hot spot
approaching the spin axis. However, it is not easily understood
how this could be correlated with an increase in the mass accre-
tion rate. According to the standard scenario of accreting pul-
sars, a higher X-ray luminosity traces an increase in the mass
accretion rate and a shrinkage of the inner radius of the accre-
tion disk. Consequently, in the case of a misalignment between
the spin and the magnetic axis, matter would attach to field lines
leading to a location on the NS surface farther from the spin axis,
rather than closer. This scenario is inconsistent with our findings
shown in Fig. 5, where the drop in the pulse amplitude coincides
with an X-ray flare. Following this episode, the pulse amplitude
starts to increase again, and the X-ray flux decreases, coinciding
with the phase jump of ∼–0.25 cycles. This phase jump and the
subsequent increase in pulse amplitude, despite the declining X-
ray flux, suggest complex dynamics not fully explained by the
current model expectations.

The non-detection of pulsations during the X-ray flare, pre-
ceded and followed by the presence of pulsations at lower X-ray
luminosity, may be explained by a magnetic field buried by the
higher mass accretion rate (e.g., Cumming et al. 2001). In Sect.
3.3, we computed the long-term spin frequency evolution to be
ν̇SD = −4.1(2) × 10−15 Hz/s. To estimate the NS magnetic field
and, consequently, the truncation radius of the disk during the
X-ray flare, we assume, as a first-order guess, that Larmor’s for-
mula holds for the NS regarded as a magneto-dipole rotator dur-
ing quiescence. The energy loss rate due to magnetic-dipole radi-
ation in the limit of force-free magneto-hydrodynamics is given
by Ėdip = −(1 + sin2 α) (BR3)2 (2πν)4/c3 (Spitkovsky 2006),
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where α is the magnetic inclination angle, B is the dipolar NS
surface magnetic field, R is the NS radius, and c is the speed
of light. We equate this expression to the loss rate of rotational
kinetic energy, Ėrot = −4π2Iνν̇ (e.g., Spitkovsky 2006), where I
is the NS moment of inertia. For α = 0 and adopting R = 12 km
and I = 1045 g cm2, this translates into an upper limit for the
NS magnetic field of B . 108 G. To compute the mass accre-
tion rate during the X-ray flare, we extrapolated the unabsorbed
0.5–100 keV flux, FX ∼ 3 × 10−9 erg cm−2 s−1, and adopted
a distance of ∼7.6 kpc (Linares et al. 2011a), and we obtained
Ṁ ' 1 × 1017 g s−1. The truncation radius of the disk, which is
assumed to be ξ times the Alfvén radius (e.g., Ghosh & Lamb
1979), is expressed as Rm = ξ [(B R3)4/(2 G M Ṁ2)]1/7, where G
is the gravitational constant. By setting ξ = 0.5 and considering
a 1.4 M� NS with a 12 km radius, we found Rm ∼ 11 km. The
hypothesis that pulsations are not detectable due to an increased
mass accretion rate, resulting in a disk close to the NS surface,
cannot be excluded. However, we note that in the 0.5–10 keV
light curve the count rate varies only slightly, from about ∼90–
100 c/s at the beginning of the outburst to ∼120 c/s during the
X-ray flare. This, combined with the estimate of the inner disk
radius obtained from modeling the reflection component (see
Table 1) suggests that these considerations should be approached
with caution.

In some AMXPs, flux-phase residuals (anti-)correlations
have been observed (e.g., Patruno et al. 2009b) and recently pro-
posed as a tool to constrain hot spot displacements. Bult et al.
(2020) described the phase evolution during the 2019 outburst of
SAX J1808.4−3658 with a flux-dependent timing model, assum-
ing that phase variations are influenced by hot spot drifts related
to changes in the inner disk radius as φ ∝ Rin ∝ Ṁ−1/5. This
model is not consistent with our observations, as the phase jump
of ∼ −0.25 cycles does not appear to be anti-correlated with the
X-ray flux. It is also noteworthy that during the subsequent 2022
outburst of SAX J1808.4−3658, the observed anti-correlation
between the X-ray flux and the phases was likely not due to
Ṁ-related hot spot drifts (Illiano et al. 2023), as was similarly
observed for the AMXP MAXI J1816−195 (Bult et al. 2022).
The best-fit exponential indices of the flux-dependent timing
model were not consistent with the expectations from the afore-
mentioned MHD simulations of moving hot spots.

A comprehensive explanation for the physical origin of the
X-ray phase wandering is still lacking, making it necessary to
carry on coherent timing analysis of AMXPs in outbursts to
investigate accretion theories. We speculate that the observed
phase jump, along with an increase in the pulse amplitude and
a decrease in the X-ray flux after the flare, may be linked
to a change in the accretion geometry, potentially involving
a reconfiguration of the magnetic field lines. This prompted
us to investigate potential correlated variability in the timing
and spectral properties of the source, as discussed in the next
section.

5.2. X-ray spectral properties

Throughout their outbursts, AMXPs commonly display hard
X-ray spectra (see, e.g., Poutanen 2006; Di Salvo et al. 2023,
and references therein), where the photon flux density is typi-
cally described by a power law dN/dE ∝ E−Γ with a photon
index Γ falling within the range of ∼1.8–2.0. This hard compo-
nent is usually modeled with a thermal Comptonization, where
electrons featuring temperatures of ∼20–50 keV up-scatter seed
blackbody-like photons with a temperature of ∼0.3–1.0 keV
(see, e.g., Papitto et al. 2020).

Our spectral analysis using NICER and NuSTAR (Sects. 3.1
and 3.2) indicated that the spectral continuum of IGR
J17498−2921 during its 2023 outburst aligned well with the typ-
ical emission observed in AMXPs. The nthComp model yielded
a photon index in the range of ∼ 1.7−2.0 (Tables 1 and B.2). The
estimated electron temperature was found to be kTe ∼ 17 keV for
both NuSTAR and the broadband spectral analysis, while it was
fixed at 20 keV during NICER spectral fitting due to the lack
of spectral coverage beyond ∼10 keV. The seed temperature in
the broadband spectral analysis was kTseed ∼ 0.7 keV, whereas
it appeared lower in the NICER spectra (kTseed ∼ 0.3 keV), but
within the typical values for AMXPs.

In the Comptonization model nthComp, the asymptotic
power-law index (Γ) is related to the temperature of the
hot Comptonizing electrons (kTe) and the medium opti-
cal depth τ through the relation (Zdziarski et al. 1996;
Lightman & Zdziarski 1987)

Γ =

9
4

+
1

τ
(
1 + τ

3

) (
kTe
mec2

) 1/2

−
1
2
. (1)

Using the result shown in Table 1 and the previous expression,
we estimated the medium optical depth to be τ ∼ 3.7. This result
falls at the upper end of the typical values for the Comptonizing
medium in AMXPs (τ ∼ 1.6−3.7 based on the previously men-
tioned common ranges of Γ ∼ 1.8−2.0 and kTe ∼ 20−50 keV). A
high value for the optical depth of the Comptonization corona is
compatible with the low electron temperature reported in Table
1, indicating a significant number of scatterings for the incoming
photons.

Typically, in the spectra of AMXPs, two weak soft ther-
mal components are observed to contribute modestly to the
source luminosity, accounting for ∼10–20% of the total flux
(Di Salvo et al. 2023). They are generally modeled as thermal
emission from a cooler (∼0.4–0.6 keV) accretion disk and a hot-
ter (∼1 keV) spot on the NS surface (Poutanen 2006). However,
in our work, although it is clear that accretion is occurring due to
the observed X-ray outbursts, the NICER spectra were predom-
inantly dominated by the Comptonization component, with no
thermal emission detected. Attempts to fit the weak black-body
component yielded physically unreliable parameters, indicating
that the additional component was contributing to the Comp-
tonization fit. This phenomenon, where the black-body compo-
nent is too faint to be detected or radiates below the observed
energy range, has been noted in other sources (Di Salvo et al.
2023). Therefore, we did not include the blackbody component
in our spectral fits.

In Sect. 3.3, we investigated potential spectral variability
around the phase jump of ∼-0.25 cycles. As shown in Fig. 3,
we observed changes in both the photon index and the tem-
perature of the seed photons that mirrored variations in the X-
ray flux. This evolution was particularly pronounced around
the phase jump, where we noted a steepening of the power
law and an increase in the seed photon temperature coin-
ciding with the X-ray flare. Subsequently, these parameters
decreased.

5.3. Reflection spectrum

The reflection component plays a crucial role in constraining
the system’s geometry, such as the inclination and the inner
accretion disk radius (e.g., Fabian et al. 1989; Fabian & Ross
2010). Reflection spectra from AMXPs have been observed,
for instance, from SAX J1808.4−3658 (Cackett et al. 2010;
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Table 3. List of estimated inner disk radii for AMXPs from modeling the reflection spectra.

Source Telescope/Instrument Model Rin (Rg) Ref.

SAX J1808.4−3658 XMM-Newton/EPIC-pn diskline 9+4
−3 [1]

XMM-Newton/EPIC-pn + Suzaku diskline 13.2 ± 2.5 [2]
NuSTAR relxillCp 14.9 ± 2.5 [3]

XMM-Newton/RGS, EPIC-pn diskline 10+8
−3 [3]

IGR J17511−3057 XMM-Newton/RSG, EPIC-pn diskline 37+31
−9 [4]

XMM-Newton/RSG, EPIC-pn + RXTE/PCA, HEXTE diskline 22+9
−5 [4]

XMM-Newton/RSG, EPIC-pn + RXTE/PCA, HEXTE diskline 27+6
−9 [4]

HETE J1900.1−2455 XMM-Newton/EPIC-pn rdblur*reflionx 23+10
−7 [5]

XMM-Newton/EPIC-pn + RXTE/PCA, HEXTE rdblur*reflionx 25+16
−11 [5]

SAX J1748.9−2021 XMM-Newton/EPIC-pn + INTEGRAL/JEMX-1, JEMX-2, ISGRI diskline 29+12
−9 [6]

IGR J00291+5934 XMM-Newton/RGS, EPIC-pn, MOS2 + NuSTAR diskline 43+910
−18 [7]

MAXI J1816−195 NICER + NuSTAR relxillCp 5.9±0.5 [8]
IGR J17498−2921 NICER + NuSTAR rdblur*rfxconv 21+17

−12 This work

Notes. Uncertainties are reported at a level of statistical confidence of 90 percent. [1] Papitto et al. (2009), [2] Cackett et al. (2009),
[3] Di Salvo et al. (2019), [4] Papitto et al. (2010), [5] Papitto et al. (2013b), [6] Pintore et al. (2016), [7] Sanna et al. (2017b), [8] Li et al. (2023).

Papitto et al. 2009; Patruno et al. 2009a; Wilkinson et al. 2011;
Di Salvo et al. 2019), HETE J1900.1−2455 (Cackett et al. 2010;
Papitto et al. 2013b), IGR J17511−3057 (Papitto et al. 2010,
2016), SAX J1748.9−2021 (Pintore et al. 2016; Sharma et al.
2020), IGR J0029+5934 (Sanna et al. 2017b), and the eclips-
ing SWIFT J1749.4−2807 (Marino et al. 2022). However, not all
AMXPs exhibited reflection features (e.g., Falanga et al. 2005;
Sanna et al. 2018).

We derived a system’s inclination ≥59.8◦ within the
rfxconv model. Despite not being well constrained, this
value is consistent with the expectation that the system’s
inclination should be below 80◦ as no eclipses have been
observed. Falanga et al. (2012) inferred a low inclination for
IGR J17498−2921 from burst energetics analysis, emphasizing
the relative beaming of persistent and burst emissions. They
found the nuclear energy release (Qnuc) to be lower than expected
for pure helium fuel, yet the observed short burst rise times and
durations indicated hydrogen-poor material at ignition. This dis-
crepancy was attributed to a persistent emission more strongly
beamed towards the observer than the burst one, typical of
low inclination systems, aligning Qnuc with expectations for
pure helium fuel. Additionally, Papitto et al. (2011a) estimated
a lower limit on the inclination equal to 24.6◦ for a NS mass
of 1.4 M� by assuming that the companion star fills its Roche
Lobe and follows the zero-age main sequence mass-radius rela-
tion. As the companion stars of AMXPs are generally bloated
compared to the thermal equilibrium radius, a larger value of the
inclination is likely. While our best-fit inclination deviates from
past estimates, it falls within the range indicated by Papitto et al.
(2011a).

The ionization parameter of the disk is given by ξ =
LX/(ne r2), where LX is the luminosity of the X-ray inci-
dent spectrum, r is the distance between the illuminating
source and the emitting region, and ne = 1.2 nH with ne and
nH being the electron and hydrogen number densities in the
emitting region, respectively (García et al. 2013). We extrap-
olated the unabsorbed 0.5–100 keV flux, FX = (1.892 ±
0.004) × 10−9 erg cm−2 s−1, and assumed a distance of ∼7.6 kpc
(Linares et al. 2011a), and we obtained LX ' 1.3 × 1037 erg s−1.
Using a distance of r ∼ 20 Rg and our best-fit ionization param-
eter of log ξ ∼ 3.3 (see Table 1), we have ne ' 4× 1022 cm−2 and
NH ' 3.4 × 1022 cm−2.

The best-fit value for the inner disk radius is Rin = 21+17
−12 Rg,

which corresponds to Rin = 43+35
−25 km for a 1.4 M� NS. Estima-

tions of the inner disk radius are pivotal for investigating accre-
tion theories on rapidly rotating objects. Coherent millisecond
pulsations from AMXPs, indicating ongoing accretion onto the
magnetic poles, place specific observational constraints on the
inner disk radius, as it has to be larger than the NS surface
(∼12 km, depending on the equation of state), and not much
larger than the corotation radius, defined as the point at which
the magnetosphere rotation matches that of an assumed Keple-
rian disk. If the inner disk radius were significantly larger than
the corotation radius, it would imply that the magnetic field is
spinning faster than the disk, potentially creating a centrifugal
barrier that prevents accretion. The corotation radius is given by
Rco = [G M/(2πν)2]1/3 ' 1.68 × 106 M1.4 Pms

2/3 cm, where M1.4
is the NS mass in units of 1.4 M� and Pms is the spin period in
ms. For a 1.4 M� NS and a spin period of ∼2.49 ms (Table 2), we
have Rco ' 31 km. The estimated value for the inner disk radius
is larger than this, but it is still compatible within the errors with
the corotation radius.

Table 3 lists the estimated inner disk radii from reflec-
tion spectra in AMXPs. Our result falls within the range of
values obtained for other sources. In general, Table 3 high-
lights how different models, such as diskline, relxillCp, and
rdblur*reflionx, produce varying estimates, underscoring
the complexity in fitting reflection components and the impor-
tance of advanced spectral models in achieving precise measure-
ments. Additionally, most of the estimates in the literature are
based on XMM-Newton spectra, often combined with data from
other instruments. In contrast, our work and only two other stud-
ies have derived Rin estimates from NuSTAR spectra, sometimes
in combination with NICER. The comparative analysis points to
the need for multi-instrument observations, particularly involv-
ing XMM-Newton and NuSTAR, to further refine accretion disk
radius estimates, which are crucial for testing accretion theories
around quickly spinning compact objects.
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Appendix A: Spectral analysis with the relxillCp
model

When fitting the reflection component in the broadband spec-
trum (Sect. 3.1), we also tried the relativistic reflection model
relxillCp, which employs the nthComp model to compute
the primary source spectrum. In this model, the temperature of
the seed photons for the Comptonization component is fixed at
0.05 keV and cannot be adjusted during the fitting procedure
(e.g., Di Salvo et al. 2019). Consequently, we set the reflection
fraction to negative values to account for the reflection compo-
nent and added a nthComp component to directly represent the
Comptonization continuum. The adopted model was defined as
constant*TBabs*(gaussian+nthComp+relxillCp). Given
the energy resolution constraints of NuSTAR, we fixed the outer
disk radius to 1000 Rg and employed a simple power-law rela-
tion (i.e., fixing Index1 = Index2

6; in Table A.1, we put Index1 =
−β for straightforward comparison with the rfxconv model).

The relxillCp normalization is defined in the appendix of
Dauser et al. (2016). We noted that letting the relxillCp nor-
malization vary would yield a reflection flux greater than the
Comptonized one. This can be easily observed by examining
the input spectrum of relxillCp in XSPEC while fixing the
reflection to zero. When comparing this result to a nthComp
model with parameters set to the same values, it was evident
that the flux density predicted by relxillCp, without the reflec-
tion component, was ∼70-80 times greater than that of nthComp.
This discrepancy is not attributable to the fixed seed photons
temperature of 0.05 keV in relxillCp, as we verified by set-
ting the same value in nthComp.

We thus tried to fix the normalization of the reflection com-
ponent to match that of nthComp divided by a corrective fac-
tor of ∼73.4, which ensured that the relxillCp model, when
devoid of reflection, reproduced the same flux of nthComp at
1 keV. The best-fit spectral parameters are reported in Table A.1.
Assuming a NS mass of 1.4 M�, the compact object’s spin in the
relxill model is ∼0.16. We verified that fixing this parame-
ter to zero did not significantly change the fit results, and hence
we set a = 0 for simplicity. The relxill model returned an
accretion disk density of log N = 18.5+0.4

−0.9, exceeding the model
default value of 15 (Dauser et al. 2016) but aligning with the
expectations for a system accreting at the rate suggested by the
observed X-ray flux. Using the unabsorbed 0.5-100 keV flux,
FX = (1.892 ± 0.004) × 10−9 erg cm−2 s−1 (see Sect. 5.3), and
assuming a NS radius of 12 km and a distance of ∼7.6 kpc
(Linares et al. 2011a), we obtained Ṁ ' 8×1016 g s−1. The elec-
tron density in the accretion columns for a fully ionized plasma
is (see, e.g., Eq. (4) from Papitto et al. 2019): N = µe ρ/mH =
µe Ṁ/(π`2v f f mH), where µe = 1.18 is the mean molecular
weight per electron for a fully ionized plasma with solar abun-
dances (i.e., with a hydrogen mass fraction of X=0.71 and a
helium mass fraction of Y=0.28), and mH is the proton mass. ρ is
the mass density of the infalling matter given by its mass divided
by the product of the columns’ base area π`2 (with ` being the
typical accretion column transverse length scale of ∼5 km), and
the free-fall velocity close to the NS surface v f f =

√
2GM/RNS

multiplied by time. This effectively gives ρ = Ṁ/(π`2v f f ). For a
1.4 M� NS with a 12 km radius, the accretion disk density in log-
arithmic units is log N ∼ 18.6, consistent with our best-fit value
(see Table A.1).

6 https://www.sternwarte.uni-erlangen.de/~dauser/
research/relxill/.

While the best-fit parameters obtained with the relxillCp
model align with our findings using the rfxconv model (see
Tables 1 and A.1), we chose not to include them in the pri-
mary analysis due to the unconstrained reflection fraction, which
reached its hard limit set at −10. To evaluate whether this phys-
ically unreliable parameter affected the fitting process, we cal-
culated the relative fluxes for both the Comptonization and the
reflection components. Notably, we observed a discrepancy at
lower energies likely due to the difference in the seed photons’
temperature between the nthComp model (∼0.8 keV) and the
fixed value of 0.05 keV in relxillCp. Consequently, we esti-
mated the fluxes in the 3-79 keV range (see Table A.1). The rel-
ative flux estimates suggest that the correction factor applied to
the normalization of relxillCp is likely appropriate. However,
these results should be considered with extreme caution due to
the unphysical outcome for the reflection fraction. Moreover,
resolving the issue associated with the relxillCp normaliza-
tion is beyond the scope of this work.

Table A.1. Best-fit parameters for the broadband spectral model defined
as constant*TBabs*(gaussian+nthComp+relxillCp).

Component Parameter Value

Tbabs NH (1022 cm−2) 3.0 ± 0.1
Gaussian ELine (keV) 1.66 ± 0.05

σ (keV) 0.10+0.05
−0.04

NormLine 0.0015+0.0009
−0.0006

nthComp Γ 2.00 ± 0.01
kTe (keV) 21+2

−1
kTseed (keV) 0.75+0.04

−0.03
NormnthComp 0.020 ± 0.003

F3−79 (10−10 erg cm−2 s−1) 4.57+0.03
−0.05

reflection model β −3+6
−1

Rin (Rg) 20+18
−10

Rout (Rg) 1000(∗)

Incl. (degrees) 72+10
−19

Refl. frac. −8+3
−2(?)

Redshift 0(∗)

Fe abund. (solar units) 1(∗)

log ξ 3.3+0.2
−0.1

log N (cm−3) 18.5+0.4
−0.9

F3−79 (10−10 erg cm−2 s−1) 2.59 ± 0.04
Total F1−79 (10−10 erg cm−2 s−1) 10.09 ± 0.02

F3−79 (10−10 erg cm−2 s−1) 7.03 ± 0.02
χ2/d.o.f. 1902.4/1857

∗ Kept frozen during the fit. ? The parameter reached its hard limit set
at -10.
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Appendix B: Additional tables

Table B.1. NICER observations of IGR J17498−2921 analyzed in this work.

ObsID Start Time (UTC) Exposure (s)

6203770101 2023-04-20 00:43:20 3493.0
6203770102 2023-04-20 23:54:42 3763.0
6560010101 2023-04-21 13:49:36 4458.0
6560010102 2023-04-22 09:53:15 3255.0
6560010103 2023-04-23 00:14:00 3940.0
6203770103 2023-04-23 12:13:09 10996.0
6560010104 2023-04-24 00:22:00 7599.0
6203770104 2023-04-24 02:09:10 2823.0
6560010105 2023-04-25 00:09:20 9244.0
6560010106 2023-04-26 00:36:17 4372.0
6203770105 2023-04-26 03:56:00 855.0
6560010107 2023-04-27 06:01:50 3367.0
6560010108 2023-04-28 05:16:40 5316.0
6560010109 2023-04-28 23:51:45 5726.0
6560010110 2023-04-30 02:11:16 4304.0
6560010111 2023-05-01 01:26:27 4651.0
6560010112 2023-05-02 02:13:45 1723.0
6560010113 2023-05-03 02:58:39 1148.0
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Table B.2. Best-fitting model continuum for each NICER observation of IGR J17498−2921.

ObsID Γ kTseed NormnthComp Unabs. 1-10 keV flux χ2/d.o.f.
(keV) (10−10 erg s−1 cm−2)

6203770101 1.79+0.04
−0.03 0.31 ± 0.01 0.134 ± 0.004 9.79 ± 0.02 110.9/119

6203770102 1.87+0.05
−0.04 0.35 ± 0.01 0.130 ± 0.004 10.07 ± 0.02 97.1/120

6560010101 1.76 ± 0.03 0.32 ± 0.01 0.131 ± 0.003 10.34 ± 0.02 125.6/121
6560010102 1.80 ± 0.03 0.29 ± 0.02 0.120 ± 0.004 8.37 ± 0.02 123.9/116
6560010103 1.72+0.03

−0.02 0.28 ± 0.02 0.103+0.003
−0.004 7.60 ± 0.02 149.6/116

6560010105 1.82+0.03
−0.02 0.31 ± 0.01 0.112+0.002

−0.003 8.10 ± 0.01 108.4/126
6560010106 1.87+0.03

−0.02 0.36 ± 0.01 0.127 ± 0.003 10.12 ± 0.02 109.4/121
6203770105 1.88+0.06

−0.05 0.33 ± 0.02 0.120+0.006
−0.007 8.78 ± 0.03 130.4/107

6560010107 1.83+0.04
−0.03 0.31+0.02

−0.01 0.105 ± 0.003 7.45 ± 0.02 96.2/116
6560010109 1.70 ± 0.01 0.30 ± 0.01 0.069 ± 0.002 5.31 ± 0.01 206.3/120
6560010110 1.72 ± 0.02 0.29+0.01

−0.02 0.064 ± 0.002 4.80 ± 0.01 190.8/118
6560010111 1.77 ± 0.02 0.30 ± 0.01 0.066 ± 0.002 4.69 ± 0.01 159.3/119
6560010112 1.91+0.06

−0.04 0.32 ± 0.02 0.078 ± 0.004 5.38 ± 0.02 101.8/108
6560010113 1.83 ± 0.03 0.30 ± 0.03 0.065+0.004

−0.005 4.41 ± 0.02 110.4/107

Notes. The associated errors are reported at a 90 percent confidence level. The absorption column density and the electron temperature were kept
frozen at NH = 2.87 × 1022 cm−2 and kTe = 20 keV during the fits.

Table B.3. Best-fitting parameters for the emission lines detected in each NICER spectrum of IGR J17498−2921.

ObsID Si Line Fe Line
ELine,1 σLine,1 NormLine,1 ELine,2 σLine,2 NormLine,2
(keV) (keV) (keV) (keV)

6203770101 1.69+0.03
−0.04 0.08+0.04

−0.03 0.0014 ± 0.0005 6.40(∗) 1.2+0.7
−0.5 0.001+0.002

−0.001
6203770102 1.64 ± 0.04 0.12+0.04

−0.03 0.0022+0.0008
−0.0006 6.40(?) − 6.51 1.3+0.4

−0.3 0.003+0.002
−0.001

6560010101 1.69 ± 0.03 0.07 ± 0.03 0.0012 ± 0.004 6.40(?) − 6.47 1.3 ± 0.3 0.002 ± 0.001
6560010102 1.69 ± 0.04 0.07+0.04

−0.03 0.0010 ± 0.0004 6.40(?) − 6.54 1.3 ± 0.5 0.001 ± 0.001
6560010103 1.68+0.05

−0.07 0.07 ± 0.05 0.0008+0.0005
−0.0004 6.40(?) − 6.52 1.0+0.6

−0.4 0.0006+0.0008
−0.0004

6560010105 1.68 ± 0.03 0.08+0.03
−0.02 0.0014+0.0004

−0.0003 6.40(?) − 6.48 1.1 ± 0.3 0.0015+0.0009
−0.0006

6560010106 1.70 ± 0.03 0.07 ± 0.03 0.0014+0.0005
−0.0004 6.40(?) − 6.54 0.9 ± 0.3 0.0016+0.0009

−0.0006
6203770105 1.65+0.05

−0.06 0.09+0.06
−0.04 0.002 ± 0.001 6.40(?) − 6.56 1.0 ± 0.5 0.002+0.002

−0.001
6560010107 1.70 ± 0.04 0.08+0.04

−0.03 0.0010+0.0004
−0.0003 6.40(?) − 6.62 1.1+0.6

−0.5 0.001 ± 0.001
6560010109 1.7+0.1

−0.2 0(∗) 0.0001 ± 0.0001 - - -
6560010110 1.78+0.03

−0.04 0(∗) 0.0002 ± 0.0001 6.6+0.1
−0.2 0(∗) 0.00006 ± 0.00005

6560010111 1.70 ± 0.03 0.05 ± 0.04 0.0005 ± 0.0002 - - -
6560010112 1.68+0.04

−0.05 0.10+0.05
−0.04 0.0013+0.0006

−0.0005 6.40(?) − 6.63 1.0+0.6
−0.4 0.001 ± 0.001

6560010113 1.64+0.05
−0.07 0.10+0.07

−0.05 0.0011+0.0008
−0.0005 - - -

Notes. The ∼1.7 keV line is most likely a Si fluorescence line from the Focal Plane Modules, while the second Gaussian line was included to
account for any residual features in the energy range where the iron line is expected, namely ∼6.40-6.97 keV. The associated errors are reported at
a 90 percent confidence level. ∗ Kept frozen during the fit. A line width fixed at 0 keV signifies a delta function convolved with the instrument’s
spectral resolution (∼137 eV at 6 keV for NICER/XTI), indicating that the line is narrower than this value. ? The parameter reached its hard limit
set at 6.4 keV.
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