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We present the preliminary results for the search of gamma-ray emission from three magnetized
white dwarfs (EUVE J0317-855, CTCV J2056-3014, LAMOST J024048.51+195226.9) using the
Fermi-LAT pass 8 dataset. This search is influenced by the recent indications of possible pulsed
gamma-ray from AE Aquarii and AR Scorpii using Fermi-LAT data. A search for gamma-ray
emission from these sources were conducted using a ∼ 14-year baseline of the archived upgraded
Fermi-LAT pass 8 dataset. For all of these sources a standard unbinned and binned analyses
have been performed, resulting in no significant gamma-ray excess above the background noise
at the location of each source. However, flagging data with TS > 0 showing good convergence
using the likelihood analysis, as well as data sections with TS > 4 (for comparison), resulted
in evidence of sporadic gamma-ray emission that could be distinguished above the background
emission. This can be considered somewhat analogous to phase gating, i.e. flagging events not
associated with the main pulse of a pulsar’s pulsed emission to search for weak emitters in its
immediate vicinity. Gamma-ray emissions modulated at the spin period of each white dwarf were
searched for using the Rayleigh test for sparse data. Pulsed emission has been detected at the spin-
period of all three sources, i.e. EUVE J0317-855 (𝑃∗ = 724.673 s; − log Prob = 4.823), CTCV
J2056-3014 (𝑃∗ = 29.6 s; − log Prob = −7.51), LAMOST J024048.51+195226.9 (𝑃∗ = 24.93 s;
− log Prob = 5.796). To produce a phase-folded light curve the pulse arrival times were folded
with an ephemeris, specified in the text. The overall statistical significance for all three sources
appears to be ∼ 5 𝜎 after taking into account statistical penalties based on a duty cycle of ∼ 30%
due to the data flagging we introduced.
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1. Introduction

White dwarfs are compact objects composed of degenerate matter, which can not undergo any
further nuclear fusion. Usually lower-mass stars in the mass range 0.8 ≤ M⊙ ≤ 8 end-up as white
dwarfs e.g., [1–3]. These progenitor stars can either be solitary stars or be in a wide binary system.
It is probable that the formation of solitary white dwarfs with substantial magnetic fields and rapid
rotation are linked to the interaction of closely orbiting binary star systems e.g., [4, 5]. Highly
magnetized white dwarfs are believed to originate from two different mechanisms e.g., [6–8]: The
first is through mergers, where the collision and combination of two white dwarfs can create a
fast rotating magnetized white dwarf if the newly formed object rotates rapidly and has a high
magnetic field. The second mechanism involves dynamo processes that occur within the white
dwarf’s interior, which convert the kinetic energy from rotation into magnetic energy and lead to
the formation of a powerful magnetosphere. Rapid rotation and a strong magnetic field are the main
ingredients of particle acceleration in the vicinity of compact objects in general e.g., [9–15].

The theoretical studies of rapidly rotating and highly magnetized white dwarfs revealed that
these compact objects can accelerate particles to higher energies in order of tera electron Volt
(TeV), e.g. [9–15]. Thus, rapidly rotating and magnetized white dwarfs are likely to produce
soft gamma-rays mimicking the same process as believed to occur in magnetars, soft gamma-ray
repeaters (SGRs) and anomalous X-ray pulsars (AXPs) [16–19]. Magnetars are solitary neutron
stars powered by magnetic energy. For an in-depth understanding of rotation powered white dwarfs
refer to Meintjes et al [9]. These authors show that curvature radiation of relativistic electrons
close to the surface of the white dwarf may play a very important role to produce gamma-rays with
energies below 𝜖𝛾 ≤ 50 GeV.

The recent indication of possible transient low level gamma-ray emission from AE Aquarii
[20–22] and AR Scorpii [23] in Fermi LAT data motivated this study. Thus, 3 non-accreting
rapidly rotating magnetized white dwarfs have been selected for this study (e.g., EUVE J0317-855,
CTCV J2056-3014, and LAMOST J024048.51+195226.9). This contribution paper is structured
as follows : In the following section is a brief overview of the sources considered for this study
will be presented. Fermi-LAT data acquisition and analysis are discussed next, followed by the
presentation of the preliminary results for each source. Lastly, a discussion and conclusions section
will be presented.

2. Properties of Three Magnetic White Dwarfs Selected for this Study

2.1 EUVE J0317 - 855

EUVE J0317 - 855 (J0317) is a highly magnetized white dwarf with dipole field strength of
350 MG [24]. J0317 is an extreme-ultraviolet (EUV) source (EUVE, and ROSAT e.g, [24]). The
photometric and wavelength-averaged circular polarization data show variations at 725 s periodicity
[24, 25]. J0317 exhibits a strongly structured circular polarization spectrum ( 8 % peak polarization,
[25]). Ferrario et al. [25] pointed out that the polarization and optical photometric variations can
be explained by the oblique rotator model. J0317 maybe the end product of a double-degenerate
merger inferring from its properties i.e. high mass, high rotational rate, and age discrepancy with a
close white dwarf companion [25].
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2.2 CTCV J2056−3014

CTCV J2056−301 (J2056) is a fast (29.6 s, [26]) rotating magnetic CV with an orbital period
of 1.76 hours [27]. It is a nearby source at a distance of 261±7.4 pc [28]. J2056 was first presumed
to be an intermediate polar (IP, [27, 29]) following the detection of a 15.4 min periodicity in the
optical photometry data, and the detection of a relatively bright X-ray counterpart in the ROSAT
(PSPC) Bright Source Catalog. The results of follow-up optical spectroscopy conducted by Oliveira
et al. [30] show that J2056’s spectrum is consistent with spectral features in unusual IPs with short
orbital periods i.e., H𝛽, H𝛼 and He 4686 emission. J2056 is highly variable with visual magnitude
varying between 𝑀𝑉 ∼17.6 and 15.2 mag (e.g., [27, 28]). This system also display strong flickering
with maximum amplitude reaching 0.8 mag.

2.3 LAMOST J024048.51+195226.9

LAMOST J024048.51+195226.9 (J024048) is a magnetic CV [31] with a rapidly rotating
white dwarf (period of 24.93 s) [32]. The M1.5(±1) dwarf and the white dwarf are orbiting the
common center of mass with a period of 7.3364376 hours [33, 34]. It is considered a possible twin
of AE Aquarii (Thorstensen 2020). The detection of pulsations modulated at the spin period of the
white dwarf in J024048 establishes it as another white dwarf magnetic propeller system, after AE
Aquarii. Garnavich et al. [35] observed that during flares the Balmer emission lines broadened up
to ±3000 km/s, and confirmed the presence of a P Cygni-like component in H𝛼 [36], which they
also show was consistent with a magnetic propeller model proposed by Wynn et al. [37]. Radio
emission were first detected by Pretorius et al. [38], with luminosity 2.7± 3×10−17 erg s−1 Hz−1

(L-band centred at 1284 MHz), which is higher than that of AE Aquarii and close to the highest
measured luminosities of any CV.

3. Observation & Analysis of Fermi-LAT data

Fermi-LAT gamma-ray photons collected from the start of the Fermi mission up to 2022-03-25
at 05:21:17 were considered. The 14-year dataset was analysed using the Fermi Science Tools
software packages (v11r0p5). The latest response function (P8R3−SOURCE−V2−v1) was used
in the analysis and corresponding source-class events (evclass=128) and FRONT+BACK event
type (evtype=3) were used to select events within 10 degrees region of interest (ROI) centred at
source of interest. This radius is chosen to accommodate the point spread function (PSF) of the
LAT instrument (e.g., [39, 40]). To prevent photon contamination by photons produced from
cosmic-ray interaction with the atmosphere, the zenith angle cut was set at 90 degrees. Binned
maximum likelihood [41] analysis was performed on the energy range 0.1-500 GeV using gtlike,
pyLikelihood, and fermipy to validate consistency of results. The statistical significance (𝜎 =

√
𝑇𝑆),

with 𝑇𝑆 = −2
(
𝐿max,◦/𝐿max,1

)
. Here 𝐿max,◦ and 𝐿max,1 represent the maximum likelihood without

and with an extra source at the given location being investigated [41]. The significance 𝜎 is the
level at which the null-hypothesis, i.e. no excess gamma-ray emission from the region of interest
(ROI), can be rejected.

"TS-gating" was employed to enhance the visibility of a weak point source within the bright
background. This is akin to phase gating, a method utilized for the detection of faint sources in
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close proximity to bright pulsars. Phase gating involves [42, 43] selecting the pulsar’s off peak
phase sections of the data to search for weak emission signatures associated with the pulsar, or
weak sources in the immediate vicinity. On the other hand for the so-called "TS-gating" we select
segments of data associated with light curve that exhibited model convergence for the binned
likelihood analysis. The selected sections corresponded to light curve bins that displayed model
convergence with likelihood test statistics greater than zero (TS > 0). This was then followed
selecting data sections which show convergence for TS > 4 for comparison. It’s important to note
that this technique exclude all light curve bins with negative test statistics. For this study, the
light curve was generated using an unbinned likelihood analysis approach, which treats each event
individually. The duty cycle of the TS-gated data for analysis is about 𝛼 ∼ 0.3, which will be
implemented as a statistical penalty when the significance of the emission is evaluated for all three
sources. For our particular analysis, where data sections have been selected based on limiting
TS-values, we adapted the standard methodology by estimating the significance using both the
TS-gated and the ungated data (which will represent the noise)

𝜎 ≈ 0.3 ×

√√√
[

50𝐺𝑒𝑉∑︁
0.1𝐺𝑒𝑉

(𝑇𝑆(gated histogram)) −
50𝐺𝑒𝑉∑︁
0.1𝐺𝑒𝑉

(𝑇𝑆(ungated histrogram))] (1)

where we utilized an energy range between 0.1 GeV ≤ 𝜖𝛾 ≤ 50 GeV. However, it will be showed
that the energy bins above 10 GeV contributed very little to the overall emission and hence we
restricted our search for periodicity to the energy range between 0.5 GeV ≤ 𝜖𝛾 ≤ 10 GeV.

Potential pulsed gamma-ray emission was investigated in the Fermi-LAT gamma-ray data, to
affirm our results measured using binned likelihood analysis. We employed the Rayleigh test for
sparse data commonly used in gamma-ray astronomy when no a priori information of the light
curve shape is known [44] and Fermi plug-in [45], which uses the TEMPO2 [46] radio timing
analysis tool. Fermi-LAT photon events within the energy range of 0.5-10 GeV, extracted from ROI
with a radius of 0.6◦ around each source of interest were considered. We followed the Fermi-LAT
(gtselect and gmktime) event selection process to select all events associated with the source of
interest. Employing gtpsearch routine of the Fermi tools (version 10) the photons events were
initially folded using the Rayleigh folding analysis algorithm and the ephemeris. In addition, the
data was phased using the peak period from gtpsearch, and the appropriate ephemeris utilizing
the Fermi plug-in. For each source a control analysis was performed on off-source data where we
performed the same analysis on data 2◦, 4◦ and 6◦ away from the source. This was to evaluate
whether any periodic modulation was unique to the source’s position in the sky. The Fermi science
tools (version 10) gtpsearch routine, as well as tempo2 and the Fermi plugin, have built-in functions
for conducting barycentric correction. As a result, we supplied the required parameters (e.g., source
position and the spacecraft file) for the correction to be carried out.

4. Results

The binned analysis performed on EUVE J0317-855, CTCV J2056-3014, and LAMOST
J024048.51+195226.9 resulted in the maximum likelihood test statistic less than the detection level
of Fermi-LAT. Therefore, the TS-gating technique was used to produce the energy flux spectrum
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Figure 1: The energy flux spectrum plot of EUVE J0317 - 855 over the energy range 0.1−500 GeV for
the entire observation period is displayed with a power-law model fitted to the energy flux points with a
photon index 1.8 ± 0.92. Left panel: is generated through binned analysis from events selected using TS
gating briefly discussed earlier; Right panel: The corresponding significance of the TS-gated data (Black)
and ungated (noise) data (Red) distributed as a function of energy for each energy bin with measurable signal,
which reveals a significance of (5.2 𝜎) using Equation 1 with the emission restricted mainly to lower energy
bins 𝜖𝛾 ≤ 10 GeV.

points, counts maps and test statistics (TS) map presented in this manuscript. Observed Counts
map showcases the observed counts of gamma-ray sources within the region of interest (ROI). The
model predicted counts map presents the predicted counts generated by the model. Significant
sources included in the model display their respective predicted counts (Npred). The counts
residual map reveals the disparity between predicted counts and observed counts. It serves as
an indicator of the model’s accuracy, highlighting locations where significant discrepancies exist
between predicted and observed counts. Extreme negative or positive counts at specific locations
signify overestimated or underestimated counts, respectively. Lastly the model predicted for all
sources in the field, excluding the source of interest, have been removed to reveal the statistical
significance of the emission of the source of interest’s position in the field [41].

The Rayleigh test was used to search for periodicity utilizing the full data baseline of 14 years
for all three sources. For comparison off-source data was selected 2◦, 4◦ and 6◦ away from the
source to evaluate whether possible pulsed emission was associated mainly with the position of the
source in the sky. The results for each source will be discussed separately.

4.1 EUVE J0317 - 855

EUVE J0317-855 was detected with a relative significance level of 5.2 𝜎 based on the TS-gated
dataset, and it exhibited a predicted count of 1664 with an energy flux of (2.746×10−6±2.04×10−7

MeV cm−2 s−1). The Fermi-LAT energy flux spectrum of EUVE J0317-855 displays a power-law
model with an index of 1.8 ± 0.92, as presented in Figure 1. Figure 2 displays vital maps based on
the TS-gated dataset which suggests a gamma-ray excess from EUVE J0317 - 855: (a) the observed
counts map, (b) the model predicted counts, (c) the counts residual map and where (d) presents
the TS residual map, highlighting excess gamma-rays at the location of EUVE J0317 - 855. These
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Figure 2: (a) Observed counts map, (b) model predicted counts map, (c) the counts residual map. All
significant sources included in the model will show with their predicted counts (Npred). The residual map
displays the goodness of the model. If there is a huge difference between predicted counts and observed counts
the effect will be seen as extreme negative or positive counts at the location where counts are overestimated
or underestimated. (d) TS residual map shows excess 𝛾-rays above the background at the location of EUVE
J0317 - 855 at the 5.2 𝜎 significance level when the model predictions for the rest of the sources in the field
have been removed.

maps collectively assess the model’s accuracy e.g., by comparing observed and predicted counts.
We searched for periodic oscillations in the energy range with energy maximum set at 10 GeV using
photon events within 0.6◦ ROI. We used the pulsed ephemeris 𝑇0 = 2450237.715035 BJD derived
from Ferrario et al. [25] to assign phases to the photon events. The phased light curve and the
Rayleigh test power spectrum are presented in Figure 3.

Our control analysis in the off-source regions (Figure 4) seems to suggest that the pulsations
seem to have lost most of its coherence outside the Fermi-LAT 4◦ window which tentatively seems
to suggest that the periodic emission is restricted to the position of the source in the sky.

4.2 CTCV J2056−3014

CTCV J2056−3014 was detected with a relative significance level exceeding 4.9 𝜎 using the
TS-gated dataset, and it exhibited a predicted count of 1912 with an energy flux of (1.66 × 10−6 ±
1.52× 10−7 MeV cm−2 s−1). The Fermi-LAT energy flux of CTCV J2056−3014 displays a power-
law spectrum with an index of 2.0 ± 0.86, as presented in Figure 5. Figure 6 showcases vital maps
that confirms gamma-ray emission from EUVE J0317 - 855: (a) the observed counts map, (b) the
model-predicted counts map, (c) the counts residual map reflecting disparities between observed
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Figure 3: Left: The power spectrum produced using the Rayleigh test display a pulsed modulation at the spin
period of the white dwarf with a chance probability that it could be associated with noise of 𝑃 ∼ 1.5 × 10−5,
rejecting the null-hypothesis of no significant emission at the spin period of the white dwarfs at the 99.9984%
level. Right: gamma-ray phase light curve of J0317 in the energy range 1.3-10 GeV, with photons extracted
from a ROI with radius of 0.6◦ folded with Ferrario et al. [25] ephemeris 𝑇0 = 2450237.715035 BJD, with P
≈ 12 mins.

Figure 4: The corresponding power spectra and phase folded light curves in regions of the sky 2◦ and 4◦

and 6◦ away from the source’s position in the sky for comparison.
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Figure 5: The energy flux spectrum plot of CTCV J2056−3014 over the energy range 0.1−500 GeV for
the entire observation period is displayed with a power-law model fitted to the energy flux points with a
photon index 2.0 ± 0.86. Left panel: is generated through binned analysis from events selected using TS
gating briefly discussed earlier; Right panel: The corresponding significance of the TS-gated (Black) and
ungated (noise) data (Red) distributed as a function of energy for each energy bin with measurable signal,
which reveals a significance of (4.9 𝜎) using Equation 1 with the emission mainly restricted to energy bins
𝜖𝛾 ≤ 10 GeV.

and predicted counts, and where (d) presents the TS residual map, highlighting excess gamma-rays
at the location of CTCV J2056−3014. These maps collectively assess the model’s accuracy e.g.,
by comparing observed and predicted counts. We searched for periodic oscillations in the energy
range with energy maximum set at 10 GeV for photon events within 0.6◦ ROI. We folded the 29.6 s
period [26] on an arbitrary reference time due to the absence of a published ephemeris. The offset
was subtracted to center the pulse on this arbitrary reference time (BJD = 2457463.32751380) .
The phased light curve and the Rayleigh test power spectrum are presented in Figure 7.

From Figure 8 it is evident that the pulsations lost its coherence in the off-source regions which
seems to suggest that the pulsations also correspond mainly to the position of CTCV J2056 in the
sky.

4.3 LAMOST J024048.51+195226.9

LAMOST J024048.51+195226.9 was detected with a significance level 5.4 𝜎, and it exhibited
a predicted count of 1700 with an energy flux of (8.66 × 10−6 ± 6.74 × 10−7 MeV cm−2 s−1). The
Fermi-LAT energy flux spectrum of LAMOST J024048.51+195226.9 displays a spectrum that can
be fitted with a power-law model with an index of 1.9 ± 0.87, as presented in Figure 9. Figure 10
showcases vital maps that confirms gamma-ray emission from LAMOST J024048.51+195226.9:
(a) the observed counts map, (b) the model-predicted counts map, (c) the counts residual map
reflecting disparities between observed and predicted counts, and where (d) presents the TS residual
map, highlighting excess gamma-rays at the location of LAMOST J024048.51+195226.9. These
maps collectively assess the model’s accuracy e.g., by comparing observed and predicted counts.
We searched for periodic oscillations in the energy range with energy maximum set at 10 GeV
using photons events within 0.6◦ ROI using the ephemeris calculated by Pelisoli et al [32] (𝑇0 =
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Figure 6: (a) Observed counts map, (b) model predicted counts, (c) the counts residual map. All significant
sources included in the model will show with their predicted counts (Npred). The residual map displays
the goodness of the model. If there is a huge difference between predicted counts and observed counts the
effect will be seen as extreme negative or positive counts at the location where counts are overestimated or
underestimated. (d) TS residual map shows excess 𝛾-rays above the background at the location of CTCV
J2056−3014 at the 4.9 𝜎 level when the model predictions for the rest of the sources in the field have been
removed.

Figure 7: Left: The power spectrum produced using the Rayleigh test display a clear spike at the spin period
of the white dwarf in J2056 at a probability that it is due to chance 𝑃 = 3.1 × 10−8 rejecting the hypothesis
of no pulsed emission at the spin-period of the white dwarf at the 99.9999968%. Right: gamma-ray phase
light curve of J2056 in the energy range 0.9-10 GeV, with photons extracted from a ROI with radius of 0.6◦

folded at 29.6 seconds [26] with an arbitrary reference time.
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Figure 8: The corresponding power spectrum and phase folded light curves in regions of the sky 2◦ and 4◦

and 6◦ away from the source’s position in the sky for comparison.

Figure 9: The energy flux spectrum plot of LAMOST J024048.51+195226.9 over the energy range 0.1−500
GeV for the entire observation period is displayed with a power-law model fitted to the energy flux points
with a photon index 1.9 ± 0.87. Left panel: is generated through binned analysis from events selected using
TS-gating briefly discussed earlier; Right panel: The corresponding significance of the TS-gated (Black) and
ungated (noise) data (Red) distributed as a function of energy for each energy bin with measurable signal,
which reveals a significance of (5.4 𝜎) using Equation 1 with the emission mainly restricted to the energy
bins 𝜖𝛾 ≤ 10 GeV.

10
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Figure 10: (a) Observed counts map, (b) model predicted counts map, (c) counts residual map. All significant
sources included in the model will show with their predicted counts (Npred). The residual map displays
the goodness of the model. If there is a huge difference between predicted counts and observed counts the
effect will be seen as extreme negative or positive counts at the location where counts are overestimated or
underestimated. (d) TS residual map shows excess 𝛾-rays above the background at the location of LAMOST
J024048.51 + 195226.9 at the 5.4 𝜎 significance level when the models predictions for the rest of the sources
in the field have been removed.

2459434.6780256, where time of pulse-maximum 𝑇0 is expressed in BJD). The phased light curve
and the Rayleigh test power spectrum are presented in Figure 11.The off-source control analysis
displayed in Figure 12 suggests that the 29.93 pulsations seems to come mainly from the position
of LAMOST J024048.51+19522.6 in the sky.

5. Discussion and Conclusion

The objective of this study was to utilize Fermi LAT gamma ray data to search for steady and
pulsed gamma-ray emissions from magnetized white dwarfs with short rotational periods and/or
strong magnetic fields which are not directly accreting matter from a companion star. The primary
goal was to investigate the possibility of these sources as potential emitters of gamma rays. The
results presented in this study are based on a preliminary analysis of sample sources, including
EUVE J0317-855, CTCV J2056-3014, and LAMOST J024048.51+195226.9. Our analysis is
based upon optimizing a weak but persistent gamma-ray presence by flagging data where good
model convergence is obtained. Our results seem to support theoretical model predictions [9] that
gamma-ray emission is restricted to energies 𝜖𝛾 ≤ 10 GeV, at the ∼ 5𝜎 significance level for all
three sources. The search for possible periodicity of gamma-ray emissions from these sources

11



P
o
S
(
H
E
A
S
A
2
0
2
2
)
0
5
5

𝛾-emission from magnetized white dwarfs Spencer. T. Madzime

Figure 11: Left: The power spectrum produced using the Rayleigh test display a clear spike at the spin
period of the white dwarf in J0240 with a probability that it may be due to chance of 𝑃 ∼ 1.6×10−6 rejecting
the null-hypothesis of no pulsed emission at he spin period of the white dwarf at the 99.99984%. Right:
gamma-ray phase light curve of J0240 in the energy range 1.5-10 GeV, with photons extracted from a ROI with
radius of 0.6◦ folded with Pelisoli et al [32] ephemeris (epoch of the first maximum 𝑇0 = 2459434.6780256
BJD, and P ≈ 24.9 seconds).

Figure 12: The corresponding power spectrum and phase folded light curves in regions of the sky 2◦ and 4◦

and 6◦ away from the source’s position in the sky for comparison.
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revealed the detection of pulsed gamma-rays at the rotational period of these white dwarfs. Our
control analyses in off-source regions 2◦, 4◦ and 6◦ away from the source’s position in the sky seem
to suggest that the periodic emission is mainly restricted to the position of the source in the sky.

These findings suggest that magnetized white dwarfs may be candidates for low-level gamma-
ray emission. Thus, follow up studies using MeerKAT need to be performed to assess whether
the these sources are consistent non-thermal emitters through some pulsar-like process. This had
been done for AE Aquarii and AR Scorpii, which showed pulsar-like radio L-band emission which
complemented the pulsed emission seen in the Fermi-LAT data [47]. Further studies could help to
clarify the nature of the gamma-ray emissions from these white dwarfs and to determine the extent
to which it occurs. These insights could deepen our understanding of the mechanisms behind the
multi-wavelength emission of white dwarfs.
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