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ABSTRACT

We report on multiwavelength observations of FRB 20240114A, a nearby (z = 0.13), hyperactive, repeating fast radio burst that was
discovered in January 2024. We performed simultaneous observations of the source with the Effelsberg 100-m radio telescope, the
Thai National Radio Telescope, the Astropeiler Stockert, and the X-ray satellite XMM-Newton in May 2024. On May 23, 2024, we
detected 459 bursts from the source using the Ultra-Broad-Band (UBB) receiver of the Effelsberg telescope, covering a frequency
range from 1.3 GHz to 6 GHz. All bursts have simultaneous X-ray coverage, which allows us to put stringent constraints on the X-ray-
to-radio fluence ratio, 7y, of FRB 20240114A. In this work, we focus on the three brightest radio bursts detected during the campaign.
The brightest burst exhibits a radio fluence of 1.4 x 1077 ergcm=2, while the 30 upper limit of the 0.2—12 keV absorption-corrected
X-ray burst fluence lies in the range of 3.4 x 10~ ergecm™ to 1.7 X 107" ergcm™2, depending on the spectral model. Assuming a
10keV black-body spectrum, the X-ray-to-radio fluence ratio can be constrained to 7,/ < 1.2 x 107. A cutoff power law (I' = 1.56,
cutoff at 84 keV) is also considered, physically motivated by the Galactic magnetar SGR 1935+2154, which has previously shown
X-ray bursts associated with FRB-like radio bursts at a measured X-ray-to-radio fluence ratio of 7, ~ 2.5 X 103 (1-250keV). In this
scenario, we find that 7, < 2.4 x 10°. Our results are consistent with FRB 20240114A being powered by a mechanism similar to
that of SGR 1935+2154. We show that future multiwavelength campaigns will be able to improve this limit if sufficiently bright radio

bursts are observed with simultaneous X-ray coverage.

Key words. radiation mechanisms: non-thermal — methods: data analysis — methods: observational —

stars: magnetars — X-rays: bursts

1. Introduction

The origin of fast radio bursts (FRBs) is still unclear and a
plethora of theoretical models have been suggested to explain
these bright pulses of radio emission with millisecond duration
(Platts et al. 2019). Several of the proposed models, especially
those involving magnetars, predict associated multiwavelength
(MWL) emission (e.g., Metzger et al. 2019; Luetal. 2020).
However, previous searches for X-ray or y-ray counterparts
of FRBs did not lead to any detection (Scholz etal. 2016,
2017, 2020; Pilia et al. 2020; Piro et al. 2021; Trudu et al. 2023;
Pearlman et al. 2025; Yan et al. 2024; Cook et al. 2024). In early
2020, X-ray telescopes succeeded in detecting a high-energy
transient signal coincident with an FRB-like burst (Tavani et al.
2021; Mereghetti et al. 2020; Bochenek et al. 2020; Li et al.
2021). The source of this signal was identified as the Galac-
tic magnetar SGR 1935+2154, which exhibited several more
simultaneous radio/X-ray flares (e.g., Ridnaia et al. 2021). This

* Corresponding author; florian.eppel@uni-wuerzburg.de

discovery showed for the first time that a magnetar can pro-
duce X-ray bursts in coincidence with FRB-like radio bursts,
as had been predicted before (e.g., Metzger et al. 2019). It
further suggests that coordinated radio and X-ray observa-
tions of FRBs may be able to detect coincident signals
from other bright magnetar flares also in nearby extragalactic
systems.

On January 26, 2024, the CHIME/FRB collaboration
reported the discovery of the repeating FRB 20240114 A (Shin
& CHIME, FRB Collaboration 2024). Multiple follow-up obser-
vations throughout the following weeks found very bright bursts
(Ould-Boukattine et al. 2024b; Pelliciari et al. 2024; Panda et al.
2024; Kumar et al. 2024; Zhang et al. 2024b), burst storms
of several hundred bursts (Zhang et al. 2024a; Uttarkar et al.
2024; Ould-Boukattine et al. 2024a), and high-frequency radio
detections up to 6 GHz (Joshi et al. 2024; Hewitt et al. 2024,
Limaye & Spitler 2024). FRB 20240114A was localized to the
dwarf star-forming galaxy SDSSJ212739.84+041945.8 with
sub-arcsecond precision (Tian et al. 2024; Snelders et al. 2024)
at a redshift of z = 0.130 + 0.002 (Bhardwaj et al. 2024).
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Motivated by the high-fluence bursts, hyperactivity, and
the possibility of detecting or constraining associated X-ray
emission, we obtained target-of-opportunity observations of
FRB 20240114A with the XMM-Newton X-ray satellite using
director’s discretionary time (DDT). Additionally, we obtained
simultaneous DDT radio observations with the Effelsberg 100-
m telescope, the Thai National Radio Telescope (TNRT), and the
Stockert Astropeiler. Here, we present the first results from this
MWL campaign. In Sect. 2, we give an overview of the observa-
tions and analysis for all telescopes, in Sect. 3 we present results
for the three brightest bursts detected in the campaign, and in
Sect. 4 wediscuss our findings in the broader context of FRB MWL
studies.

2. Observations and analysis

The observations were split into three sessions. Two sessions
were carried out with simultaneous observations by Stockert and
XMM-Newton May 17,2024, and May 27, 2024) and one session
(May 23, 2024) included TNRT, Eftelsberg, Stockert, and XMM-
Newton. An overview of the observing times on May 23, 2024, is
shown in Fig. 1. In the following, we provide an overview of the
observing setups and analysis performed for all telescopes.

2.1. Effelsberg 100-m Telescope

We observed FRB 20240114A with the Effelsberg 100-m tele-
scope on May 23,2024, for ~7 hours using the Ultra-Broad-Band
(UBB) receiver, which covers a frequency range of 1.3—-6 GHz
with a system equivalent flux density (SEFD) of 12—161Jy'.
The data were recorded using the Effelsberg Direct Digitisation
(EDD) backend (Barr et al. 2023) with achannel width of 0.5 MHz
and time resolution of 128 us. The data were recorded in five
sub-bands (band 1: 1.3—1.9 GHz, band 2: 1.9-2.6 GHz, band 3:
3.0—4.1 GHz, band 4: 4.1-5.2 GHz, and band 5: 5.2—6.0 GHz).
We searched the data for single bursts using TransientX
(Men & Barr 2024) separately in every sub-band and found 459
unique bursts that could be identified as FRBs matched across sub-
bands. For a detailed overview of the UBB data analysis, we refer
to Appendix A.

2.2. Stockert Telescope

The Astropeiler Stockert is a 25-m telescope operating in
the L band. The SEFD of the instrument is 385Jy. Data
was recorded as total-intensity 32-bit data with 98 MHz band-
width (1332.25 MHz to 1430.5 MHz) and a time resolution of
218.45 us using a fast Fourier transform backend (Barr et al.
2013). We searched for radio bursts using prepsubband and
single_pulse_search from PRESTO (Ransom 2011). The
threshold for single pulses was set to a signal-to-noise ratio (S/N)
of 7, corresponding to a fluence threshold of ~14 Jy ms for 1 ms
wide pulses. The default boxcar size with 30 time bins (i.e.,
~6.5 ms) was used for the search. The data were filtered for RFI
from nearby radar systems by applying the modulation index
technique described by Spitler et al. (2012) and then classified
using FETCH (Agarwal et al. 2020). The bursts flagged by FETCH
as potential candidates were manually inspected. During the time
of the observation reported here, no burst was detected. An addi-
tional manual inspection of the data was performed around the
arrival time of the brightest Effelsberg burst (B1) with no con-
vincing result. It has to be noted that on other observing days,

' https://eff100mwiki.mpifr-bonn.mpg.de/doku.php?id=
information_for_astronomers:rx:pl70mm
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Fig. 1. Overview of the observing times (barycentric) and telescopes on
May 23, 2024. For XMM-Newton-PN, the displayed time range corre-
sponds to the GTIs. The three vertical lines indicate the arrival times of
burst B1, B2, and B3.

bright burst (i.e., >12Jyms) were detected using the analysis
described above.

2.3. Thai National Radio Telescope

The TNRT is a 40-m radio telescope located at Doi Saket,
Chiang Mai, Thailand, equipped with an EDD backend”. We per-
formed pulsar search mode observations of FRB 20240114A on
23 May 2024 for ~7 hours (see Fig. 1), using the L-band receiver
centered at 1350 MHz with a bandwidth of 900 MHz, and time
resolution of 51.2 pus. We used TransientX to search for single-
pulses with DM 510-570cm™ pc. The S/N cutoff was set to 7
and pulse width threshold <30 ms. After inspecting all candi-
dates visually, no burst was found. This is consistent with the
expected burst rate of 0.1-0.3 bursts/hour, assuming a conserva-
tive SEFD of 90 Jy (Jaroenjittichai et al. 2022).

2.4. XMM-Newton

We obtained XMM-Newton DDT observations that were car-
ried out in three different time slots, on May 17, 2024
(Obs. ID 0935190601, 25.2ks total observing time), May 23,
2024 (Obs.ID 0935190701, 25ks), and May 27, 2024 (Obs.ID
0935191001, 28.7ks). We used the PN- and MOS-instruments
with medium filter in small window mode to achieve the best
timing accuracy while also having good spatial resolution.

The data for the PN- and MOS-instruments were pro-
cessed using the XMM-Newton Science Analysis System (SAS,
Gabriel et al. 2004) version 21.0.0. We used the pipelines
epproc for the PN-camera and emproc for the MOS-cameras
to generate filtered event lists. We performed the barycentric
correction using the barycen task. Additionally, we identified
times of flaring background by analyzing the light curves at
10—15keV energies. By applying conservative cuts to the back-
ground count rate, we identified the final good time intervals
(GTIs) to use for the analysis of the persistent flux limit, total-
ing 57.3ks. The event lists were extracted in the energy band
0.2—12keV. Additionally, we performed an astrometric pointing
correction using the eposcorr task (see Appendix B).

3. Results
3.1. Radio bursts

During the Effelsberg observation on May 23, 2024, we detected
459 bursts from FRB 20240114 A. None of these bursts were seen

2 https://indico.narit.or.th/event/197/page/
654-tnro-40-m-tnrt
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Fig. 2. Waterfall plots of the three brightest bursts from FRB 20240114A that were detected simultaneous to the XMM-Newton observation on
May 23, 2024 (left: B1, center: B2, right: B3). RFI-flagged channels are highlighted by the gray lines on the left. The top panel shows the flux
density, averaged over the displayed bandwidth, excluding RFI-flagged channels, and the time windows used for the fluence calculation (red lines).
The displayed bandwidth for B1 and B3 covers UBB sub-bands 1 and 2, while B2 is shown in UBB sub-bands 3 and 4. The color maps are scaled

individually for every burst from minimum to maximum flux density.

by TNRT or Stockert. In UBB band 1, which overlaps with TNRT
and Stockert, we detected 186 bursts, all except B1 with S/N < 50.
The brightest burst overlapping with TNRT was detected with
S/N =34.2. Given the sensitivity of Effelsberg, which is superior
by a factor of ~6 to TNRT and ~25 to Stockert, and its broader
frequency coverage, the non-detection with Stockert and TNRT is
expected. In the additional two XMM-Newton sessions that were
covered only by Stockert, no bursts were found.

In this work, we present the three brightest bursts
(labeled B1, B2, and B3) detected at an S/N > 100 with Effels-
berg, which are shown in Fig. 2 as waterfall plots. In the case of
a constant X-ray-to-radio fluence ratio, 7y:, these are the best
candidates to constrain possibly associated X-ray emission. We
combined all sub-bands of the UBB receiver in which signifi-
cant emission of the burst was detected. For burst B1 and B3,
this corresponds to sub-band 1 and 2, while B2 shows signif-
icant emission in sub-bands 3 and 4. Burst B1 shows temporal
substructure, divided into three sub-bursts that follow the charac-
teristic so-called sad-trombone scheme (e.g., Katz 2023). Bursts
B2 and B3 are single bursts without visible subcomponents. To
calculate the fluence of each burst, we first averaged the flux
density over the observing bandwidth, excluding RFI-flagged
channels and then integrated the flux density over a time window
covering the full burst (see Fig. 2). The resulting fluences are
shown in Table 1. In order to compare the radio burst properties
with X-ray observations, we calculated the bandwidth-integrated
fluence, also referred to as the “radio burst fluence”, ¥ (e.g.
Pearlman et al. 2025; Cook et al. 2024). This quantity is calcu-
lated by integrating the fluence over the observing bandwidth
(excluding RFI-flagged channels).

By using the known redshift of the host galaxy of
FRB 20240114A (z = 0.13, Bhardwaj et al. 2024) and assum-
ing a flat Lambda-CDM model (Planck Collaboration VI 2020),
we calculated the intrinsic radio burst release energy, Eg, for
every burst, following Zhang (2018). The values obtained are
displayed in Table 1. The brightest burst in our observations, B1,
summed over all three subcomponents, exhibits a radio burst flu-
ence of Frp; = 1.4 x 1077 ergcm™2, which translates to a total
release energy of Egp; = 5.8 X 10® erg. We note that all of
these values must be understood as lower limits, since parts of
the burst emission exceed the receiver bandwidth (at least for
B1) and multiple channels within the burst bandwidth needed to
be flagged due to RFI and could therefore not be considered.

3.2. X-ray burst emission

We checked the PN-event list (0.2—12keV) for X-ray photons
at the times of radio bursts BI-B3. We used an extraction
region with a radius of 0.01° (i.e., 90% encircled energy frac-
tion at 1.5keV) centered on the position of FRB 20240114A
(RA =21h27m39.835s, Dec = +04d19m45.634s; Snelders et al.
2024). This analysis was done on the non-background-corrected
data with an average background count rate in this region of
~3 x 1072 cps. For burst B1, the closest X-ray photon after the
burst was detected 48 s after the radio emission, for burst B2 50 s
after the radio emission, and for burst B3 17 s. This is consistent
with the expected background rate; hence, we conclude that none
of the bursts are detected significantly at X-ray energies.

In order to derive an upper limit on the burst X-ray flux for
each of the radio bursts, we used a similar method as described
by Cook et al. (2024). We estimated the background rate at the
position of FRB 20240114A using a 200 s window centered on
the time of arrival of the burst. By applying low-count photon
statistics using the pwkit library (Williams et al. 2017), follow-
ing Kraft et al. (1991), we derived a 30 (i.e., 99.73% one-sided
confidence level) upper limit of 5.9 photons at the time of the
radio burst, or 6.5 photons when correcting for the 90% encir-
cled energy fraction. Considering a typical duration of magnetar-
associated X-ray bursts of ~100 ms as seen in SGR 193542154
(Mereghetti et al. 2020), a cutoff power law spectrum (I' =
1.56, cutoff 84keV) as observed in SGR 1935+2154 (Li et al.
2021), and an average Galactic hydrogen column density of
Ng = 5.0 x 10°cm™ in the direction of FRB 20240114A
(HI4PI Collaboration 2016), this translates to a 30~ upper limit to
the X-ray fluence of Fx < 3.4x107'! ergcm~2 in the 0.2-12keV
band, corrected for Galactic absorption (following Appendix A
of Tubin-Arenas et al. 2024). The corresponding upper limit on
the intrinsic total X-ray energy release is Ex < 1.5 x 10¥ erg
(0.2—12keV). Assuming a 10keV black-body spectrum (cf.,
Cook et al. 2024), the 30~ upper limit to the X-ray fluence is
Fx < 1.7 x 107%ergem™ (Ex < 7.2 x 10¥erg) in the
0.2-12keV band, corrected for Galactic absorption.

We used the radio burst fluences, ¥, and the upper limit
on the X-ray burst fluence, #x, to calculate upper limits on the
X-ray-to-radio fluence ratio, nx; = Fx/Fr. This fluence ratio
always corresponds to specific observing bandwidths in the radio
and X-ray. The fluence ratios for the three brightest bursts in our
observing campaign are shown in Table 1. The most constraining
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Table 1. Overview of the three brightest bursts detected within our MWL campaign.

Burst-ID TOA @ Fluence ® Bandwidth @  Radio burst @  Radio burst ©  X-ray burst ”  Fluence ratio @
[MID] [Jy ms] [MHz] Fluence [erg cm™2] Energy [erg] Fluence [erg cm™] Nx/r

B1 60453.093476719 1.55 881 1.4x 1077 5.8x10% <34 x 107" <2.4x10°

B2 60453.103822424 0.38 2015 7.6x 10718 3.2x10% <3.4x 1071 <4.5 % 10°

B3 60453.186311513 0.63 830 52x 10718 2.2x10% <34 x 1071 <6.5x 10°

Notes. @Time of arrival corrected to infinite frequency at the solar system barycenter. ’Fluence averaged over the observing bandwidth.
©Effective observing bandwidth used to calculate the average fluence, excluding flagged channels. “Radio burst fluence, #x (i.e., Fluence x
Bandwidth). YRedshift-corrected intrinsic total radio burst release energy. V' X-ray burst fluence, Fx (0.2—12keV, corrected for Galactic absorp-
tion), 3 o upper limit, assuming a cutoff power law spectrum as was observed for SGR 1935+2154 (Li et al. 2021). 3¢ upper limit to the X-ray

(0.2—-12keV) to radio fluence ratio (175,r = Fx/Fr)-

limit can be obtained from burst B1, yielding a fluence ratio of
Nxe < 2.4 % 108 at 30 confidence, assuming a spectrum simi-
lar to SGR 1935+2154. The assumption of a 10 keV black-body
spectrum leads to a less stringent limit of 75/, < 1.2 x 10,

3.3. Persistent X-ray emission

To constrain the X-ray flux of a possible persistent source asso-
ciated with FRB 20240114A, we selected events coming from its
position with a radius of 0.01° in an energy range of 0.2—12 keV.
We defined background regions next to the position of the FRB
without any X-ray sources to compare the number of collected
photons at the position of the FRB with the background expec-
tation. Following Kraft et al. (1991), we calculated a 30~ upper
limit on the persistent X-ray flux using 57.3 ks of GTI PN-data.
We find a 30 upper limit of <2.4 x 1073 cps, corrected for the
encircled energy fraction. Assuming a power law spectrum with
I' = 2 and the same Ny as in Sect. 3.2, this corresponds to a
persistent X-ray flux limit of <1.0 x 10~ ergecm™2s~! and an
isotropic luminosity of Lx < 4.3 x 10" ergs™' (0.2-12keV).

4. Discussion
4.1. Comparison with other multiwavelength FRB studies

In this section, we compare our results to MWL observations
of other FRBs, mainly focusing on a recent publication by
Cook et al. (2024), which includes an overview of many pre-
vious studies. We note that in all previous studies, no signifi-
cant X-ray emission (either persistent or burst-like) was found.
Cook et al. (2024) used X-ray fluences and energies in the
0.5-10keV band. We therefore converted our limits on the X-ray
burst fluence from Sect. 3 to this band. In the 0.5-10keV energy
range, the upper limit on the X-ray burst fluence corresponds to
2.7 x 107" erg cm™2 (cutoff power law) or 1.1 x 107" erg cm™2
(black-body), assuming the same spectral models as in
Sect. 3.

For the single burst X-ray fluence limits at the time of
the radio bursts, we used a similar analysis as presented by
Cook et al. (2024). Their upper limits are ~35% higher for the
black-body spectrum scenario, which can be explained by the
different Ny values assumed. While Cook et al. (2024) use a con-
servative value of Ny = 10?2 cm™2, trying to account for absorp-
tion at the source, we use the average hydrogen column density
of Ng = 5.0 x 10®° cm™2 in the direction of FRB 20240114A
(HI4PI Collaboration 2016). Assuming the more conservative
value of Ny = 10?2 cm™2, our upper limit for the single burst
X-ray fluence increases to 1.2 x 107!% erg cm™? for a black-body
spectral model (0.5—-10keV). This value is still slightly lower
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than the limit obtained by Cook et al. (2024), which is likely
due to the fact that we initially extracted a larger energy band of
0.2—-12keV from the XMM-Newton data and then downsampled
to the 0.5—-10keV band. Moreover, it is unclear if Cook et al.
(2024) used the same count-to-flux conversion as we did, based
on Tubin-Arenas et al. (2024).

According to Cook et al. (2024), the most constraining flu-
ence ratio limit (0.5-10keV) for a single FRB to date was found
at nx; < 7 x 10° for FRB 20220912A and FRB20180916B
(Pilia et al. 2020), assuming a 10keV black-body X-ray spec-
trum. Our best limit obtained from the brightest burst B1 (7, <
2.4 x 10°) is three times lower than this, but considers a different
X-ray energy band (0.2—-12keV), different spectral model (cut-
off power law), and different absorption.

While the assumption of a blackbody spectrum is moti-
vated by observations of hard X-ray bursts from magnetars
(e.g., Anetal. 2014; Coti Zelati et al. 2021), X-ray emission
from SGR 1935+2154 suggests a nonthermal cutoff power law
(Lietal. 2021). It is thus unclear which spectrum should be
assumed. Using a blackbody model like Cook et al. (2024), the
limit from burst B1 transforms to ny, < 8.5 X 10° at 0.5—-10keV.
This is comparable to the lowest single burst limits found for
FRB 20220912A and FRB 20180916B. The limit can be further
constrained by applying a stacking approach (e.g., Cook et al.
2024); however, this requires an accurate flux calibration of all
459 bursts and will be done in a separate publication.

4.2. Constraints on magnetars as progenitors

With an X-ray-to-radio fluence ratio of ny; < 2.4 X 10°, we
cannot rule out the currently favored FRB production mod-
els, based on magnetars. As pointed out by Cook et al. (2024),
most magnetar-based models predict 7y, ~ 10°-10* (e.g.,
Margalit et al. 2020; Lu et al. 2020; Popov et al. 2010). More-
over, the X-ray-to-radio fluence ratio from the Galactic mag-
netar SGR 1935+2154 was observed to be ny, ~ 2.5 X 10°
(1-250keV, Bochenek et al. 2020; Li et al. 2021), which is still
well below the most constraining upper limit for 7y, found
for any extragalactic FRB. Corrected for typical XMM-Newton
observing bands (0.2—-12keV, cutoff power law, I' = 1.56, cut-
off 84keV), the expected 7y, from SGR 1935+2154 is even
lower, by a factor of ~3. Therefore, our observations are con-
sistent with FRB 20240114 A being powered by a magnetar, in
agreement with synchrotron maser models (e.g. Metzger et al.
2019; Margalit et al. 2020) and magnetospheric emission models
(e.g., Lu et al. 2020; Zhong et al. 2024). However, it is unlikely
that FRB 20240114A exhibits pulsed radio emission with anti-
aligned X-ray pulses as seen in SGR 193542154 (Zhu et al.
2023), which requires ¢y ~ (7 = 12) X 106 (Cook et al. 2024).
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5. Summary and outlook

We observed the repeating FRB 20240114 A with the Effelsberg
100-m telescope, the TNRT, the Astropeiler Stockert, and the X-
ray satellite XMM-Newton. On May 23, 2024, we detected 459
radio bursts from FRB 20240114A using the Effelsberg UBB
receiver, covering a frequency range from 1.3—6 GHz. In this
work, we have presented the three brightest bursts, detected
with S/N>100. The brightest burst (B1, see Fig. 2) exhibits
a radio fluence of 1.4 x 1077 ergcm™2. None of the bursts
were detected with XMM-Newton, Stockert, or TNRT. We used
the XMM-Newton observations to derive upper fluence limits
for associated X-ray bursts lasting 100 ms, which can be con-
strained to Fx < 3.4 X 107! ergcm™ in the 0.2-12keV band
at 30 confidence. This corresponds to an X-ray-to-radio fluence
ratio of 7y < 2.4 X 106 for the brightest burst. Considering
different magnetar models for FRBs, which predict associated
X-ray emission (e.g. Metzger et al. 2019; Margalit et al. 2020;
Lu et al. 2020; Zhong et al. 2024), this limit is consistent with
FRB 20240114A being powered by a magnetar. Moreover, from
the MWL detection of radio and X-ray bursts from the Galac-
tic magnetar SGR 1935+2154, one expects nxr ~ 2.5 X 10°
(1-250keV, Bochenek et al. 2020; Li et al. 2021), which is in
agreement with our limit. That means FRB 20240114A could
be powered by a similar mechanism as SGR 1935+2154. In
a follow-up publication, we are planning to stack all 459
bursts to derive an even lower limit for the X-ray/radio fluence
ratio. Given the extremely bright bursts from FRB 20240114A
reported, for example, by Shin & CHIME, FRB Collaboration
(2024), and its hyperactivity, it is a prime target for future MWL
studies. While future studies with current X-ray telescopes will
not be able to place significantly lower X-ray flux limits, the
detection of more energetic radio bursts up to a factor of 10—100
times brighter than the ones found in our campaign is possible
(e.g., Kirsten et al. 2024) and would result in superior constraints
on 75y, reaching the value found for SGR 1935+2154.
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Appendix A: Effelsberg UBB data analysis

The UBB receiver delivers PSRFITS files for every sub-band,
which were searched for single bursts using TransientX
(Men & Barr 2024) separately in every sub-band. We performed
a search for short bursts with a maximum width of 10ms on
the full resolution data from the UBB. Additionally, we ran a
search for longer bursts with a maximum width of 100 ms with a
time down sampling factor of 10. The detected candidates were
filtered using the replot_fil command within TransientX
using an S/N cutoff of 7 and then inspected manually to iden-
tify false positive detections. After discarding false positives, we
matched the candidates detected by the long and short searches
within each sub-band, i.e. if the same burst was detected in both
searches, we kept only the information about the detection with
higher S/N. This results in 186 detected bursts in band 1 and
band 2 each, 133 bursts in band 3, 32 bursts in band 4, and 10
bursts in band 5. We corrected the arrival times from the individ-
ual sub-band detections to infinite frequency and matched any
overlapping candidates to avoid counting the same burst multi-
ple times in case it was detected in several sub-bands. This leads
to a total number of 459 individual bursts across all sub-bands,
whose arrival times are evenly distributed across the observation.
We extracted 1 s pulsar archive snippets around the burst arrival
times using DSPSR (van Straten & Bailes 2011). Flux and polar-
ization calibration was performed using the pac and fluxcal
programs within PSRCHIVE (van Straten et al. 2012) for every
sub-band separately. Calibration solutions were derived from
observations of 3C 48 on 9 May 2024 using the Perley & Butler
(2017) flux scale. To be conservative, we assume a 5% error on
the flux scale, which is on the high-end of the suggested error
by Perley & Butler (2017). Prior to flux calibration, automatic
radio frequency interference (RFI) cleaning was performed on
the archive files using c1fd (Morello et al. 2019), as well as
additional manual flagging using the PSRCHIVE tool pazi. To
combine the different sub-bands files from the UBB we loaded
the calibrated and RFI-flagged archive files into the PSRCHIVE
python framework and combined them as numpy arrays. Our
code to combine the different sub-bands of the UBB is available
on GitHub’.

For further analysis, we dedispersed all bursts using a com-
mon DM value of (527.979 + 0.085) pc cm™3. This DM value
was derived from burst B1, which shows the most complex tem-
poral substructure among the three brightest bursts, using the
DM_PHASE package (Seymour et al. 2019). We assume that the
DM of FRB 20240114A does not vary significantly within the
observation duration, which is valid for other repeating FRBs
(e.g., Hessels et al. 2019). In a follow-up study, we will address
this question for FRB 20240114 A in more detail and study possi-
ble DM variations between the 459 detected bursts. The topocen-
tric arrival times of the bursts were corrected to infinite fre-
quency and to the arrival time at the solar system barycenter
using get_barycentric_toas within PINT (Luo et al. 2021)
and the JPL DE421 ephemeris. We note that the uncertainty of
the DM and the exact position of the FRB can introduce an error
on the order of several milliseconds.

Appendix B: Astrometric correction for
XMM-Newton data

To determine the exact position of FRB 20240114 A in the XMM-
Newton images, we performed a source detection in the full PN

3 https://github.com/flep198/ubb_tools
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Table B.1. Astrometric corrections for the XMM-Newton pointings cal-
culated with eposcorr.

Obs.ID ARA ADec
["] (']
0935190601 1.08 £0.11 0.58 +0.17
0935190701  -0.115+0.021  0.555 + 0.060
0935191001  1.6195 +0.0039 0.740 + 0.025

and MOS data of every observation using the edetect_stack
task in SAS. While there is no significant source detected in the
small-window region of the chips, the outer regions of the MOS-
chip still allow for the detection of several field sources. The
detected X-ray sources were matched with the Gaia DR3 cat-
alog (Gaia Collaboration 2023) using eposcorr, as described
by Kurpas et al. (2024). The resulting astrometric corrections in
Right Ascension ARA and in declination ADec are shown in
Table B.1 and were applied to each dataset. The corrections are
small compared to the extraction radius. In order to test if they
lead to a significant change in our results, we performed all of
our analysis also without applying this correction, which indeed
has no significant effect on the results since the corrections are
small compared to the PSF.
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