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Quasi-periodic X-ray eruptions years after a 
nearby tidal disruption event

M. Nicholl1 ✉, D. R. Pasham2, A. Mummery3, M. Guolo4, K. Gendreau5, G. C. Dewangan6, 
E. C. Ferrara5,7,8, R. Remillard2, C. Bonnerot9,10, J. Chakraborty2, A. Hajela11, V. S. Dhillon12,13, 
A. F. Gillan1, J. Greenwood1, M. E. Huber14, A. Janiuk15, G. Salvesen16, S. van Velzen17, 
A. Aamer1, K. D. Alexander18, C. R. Angus1, Z. Arzoumanian5, K. Auchettl19,20, E. Berger21, 
T. de Boer14, Y. Cendes21,22, K. C. Chambers14, T.-W. Chen23, R. Chornock24, M. D. Fulton1, 
H. Gao14, J. H. Gillanders25, S. Gomez26, B. P. Gompertz9,10, A. C. Fabian27, J. Herman14, 
A. Ingram28, E. Kara2, T. Laskar29,30, A. Lawrence31, C.-C. Lin14, T. B. Lowe14, E. A. Magnier14, 
R. Margutti24, S. L. McGee9,10, P. Minguez14, T. Moore1, E. Nathan32, S. R. Oates33, K. C. Patra24, 
P. Ramsden1,9,10, V. Ravi32, E. J. Ridley9,10, X. Sheng1, S. J. Smartt1,25, K. W. Smith1, S. Srivastav1,25, 
R. Stein34, H. F. Stevance1,25, S. G. D. Turner35, R. J. Wainscoat14, J. Weston1, T. Wevers26 & 
D. R. Young1

Quasi-periodic eruptions (QPEs) are luminous bursts of soft X-rays from the nuclei  
of galaxies, repeating on timescales of hours to weeks1–5. The mechanism behind  
these rare systems is uncertain, but most theories involve accretion disks around 
supermassive black holes (SMBHs) undergoing instabilities6–8 or interacting with a 
stellar object in a close orbit9–11. It has been suggested that this disk could be created 
when the SMBH disrupts a passing star8,11, implying that many QPEs should be 
preceded by observable tidal disruption events (TDEs). Two known QPE sources show 
long-term decays in quiescent luminosity consistent with TDEs4,12 and two observed 
TDEs have exhibited X-ray flares consistent with individual eruptions13,14. TDEs and 
QPEs also occur preferentially in similar galaxies15. However, no confirmed repeating 
QPEs have been associated with a spectroscopically confirmed TDE or an optical  
TDE observed at peak brightness. Here we report the detection of nine X-ray QPEs 
with a mean recurrence time of approximately 48 h from AT2019qiz, a nearby  
and extensively studied optically selected TDE16. We detect and model the X-ray, 
ultraviolet (UV) and optical emission from the accretion disk and show that an 
orbiting body colliding with this disk provides a plausible explanation for the QPEs.

The TDE AT2019qiz was discovered by the Zwicky Transient Facility (ZTF) 
on 19 September 2019 UT (Universal Time), at RA 04 h 46 min 37.88 s 
and dec. −10° 13′ 34.90″ ( J2000.0 epoch), in the nucleus of a barred 
spiral galaxy at redshift z = 0.0151 (luminosity distance of 65.6 Mpc). Its 
optical spectrum was typical of TDEs, with broad emission lines from 
hydrogen and ionized helium16, and it is a particularly well-studied event 
owing to its proximity and early detection16–18. The UV and optical lumi-
nosity declined over a few months until reaching a steady, years-long 
plateau at about 1041 erg s−1 (ref. 19), consistent with an exposed accre-
tion disk19,20. Highly ionized iron lines appeared at this phase, indicating 
a gas-rich environment ionized by the TDE21. The mass of the central 
SMBH has been estimated as several 106 M⊙ (in which M⊙ is the solar 
mass) using various techniques (Extended Data Table 1).

We observed AT2019qiz on 9 and 10 December 2023 UT (approxi-
mately 1,500 days after its first optical detection) with the Chandra 
X-ray observatory and on 21 December 2023 UT with the Hubble Space 
Telescope (HST) as part of a joint programme to study TDE accretion 
disks. The Chandra data were obtained across three exposures of 15.4, 
18.8 and 16.1 ks, shown in Fig. 1a. The average count rate in the Chandra 

broad band (0.5–7.0 keV) is more than an order of magnitude larger in 
the middle exposure than in the first and final exposures. The Chandra 
images show another X-ray source approximately 7 arcsec southeast 
(SE) of AT2019qiz, but the high spatial resolution of the Chandra images 
(about 0.5 arcsec) allows us to definitively associate the increase in 
count rate with AT2019qiz. The count rate increases and then decreases 
over the course of the middle exposure, whereas no other source in the 
field (Extended Data Fig. 1) shows evidence for variability. By analys-
ing the spectra of these sources, we find that reported X-rays from the 
X-ray Telescope aboard the Neil Gehrels Swift Observatory (Swift/XRT) 
during the initial optical flare in 2019–2020 (ref. 16) are instead detec-
tions of the nearby SE source and we exclude these from any analysis 
in this work (Methods).

To further investigate the variability of AT2019qiz, we obtained 
high-cadence observations using the Neutron Star Interior Composi-
tion Explorer (NICER) from 29 February 2024 to 9 March 2024 UT, Swift/
XRT on 12 March 2024 UT and AstroSat starting on 14 March 2024 UT. 
The soft X-ray (0.3–1.0 keV) light curves from NICER showed repeating 
sharp increases in count rate followed by a return to quiescence, with 
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six consecutive peaks detected in just over 10 days. Two more peaks 
were detected over the next four days with Swift/XRT and AstroSat. The 
light curves are shown in Fig. 1b. The time between successive peaks 
ranges from 39 to 54 h in the rest frame, measured by fitting skewed 
Gaussian profiles (Extended Data Fig. 2). The mean recurrence time is 
48.4 ± 0.3 h, with a standard deviation of 7.2 h. Typical durations are 
8–10 h, with a consistent light-curve shape exhibiting a fast rise and 
slower decay (Fig. 1c).

The combination of soft X-ray sensitivity and cadence in the NICER 
data allows us to perform time-resolved spectral fitting (Fig. 2 and 
Extended Data Fig. 3). The nearby SE source detected by Chandra 
does not contribute substantially in the NICER bandpass (Methods). 
Single-temperature blackbody fits to the second NICER peak (chosen 
for good temporal coverage and low background; Methods) show an 
increasing temperature as the luminosity rises and a lower temperature 
for the same luminosity during the decay phase, owing to an increase in 
the blackbody radius. The expanding emitting region is approximately  
1 solar radius (about 1011 cm). The bolometric luminosity at peak reaches 
(1.8 ± 0.1) × 1043 erg s−1, with a temperature of 109 ± 1 eV. In the quiescent 
phase, spectral information could only be retrieved by stacking the 
data from Swift/XRT. This can be well modelled as a colour-corrected 
disk model with maximum disk temperature kTp ≈ 67 ± 10 eV (Methods; 
Extended Data Fig. 4).

All of the above properties are consistent with the six known QPE 
sources repeating on timescales of hours to days (refs. 1–4) and the 

longer-duration Swift J0230+28 (refs. 5,22). This includes the luminos-
ity and temperature, in both eruption and quiescence, and the lack of 
any detected optical/UV variability (Extended Data Fig. 5). The ‘hyster-
esis loop’ in the luminosity–temperature plane (Fig. 2c) is character-
istic of QPE emission12,23,24. The recurrence time and eruption duration 
are towards the higher ends of their respective distributions (although 
well below Swift J0230+28), but their ratio of approximately 0.2 is con-
sistent with the duty cycle of 0.24 ± 0.13 exhibited by other QPEs5 
(Fig. 3). Performing our own correlation analysis on duration versus 
recurrence time for the QPE population including AT2019qiz yields 
strong Bayesian evidence in favour of a correlation, with a mean duty 
cycle of 0.22−0.04

+0.11  (Methods). The roughly 15% variation in recurrence 
times in AT2019qiz is also similar to known QPEs. The variations in 
AT2019qiz seem irregular, but with a limited number of cycles, we can-
not establish robustly at this point whether or not there is an underly-
ing pattern of alternating long and short recurrence times, as seen in 
some of the other QPE sources1,3.

We conclude that AT2019qiz is now exhibiting X-ray QPEs fully con-
sistent with the known source population and with an average recur-
rence time TQPE ≈ 48 h. Our result confirms theoretical predictions that 
at least some QPEs arise in accretion disks created by TDEs8,11 (although 
we note that QPEs have also been discovered in galaxies with evidence 
for active nuclei15). It also increases confidence in the candidate QPEs 
following the TDEs AT2019vcb (ref. 14) and XMMSL1 J0249 (ref. 13) and 
the proposed X-ray TDE in the QPE source GSN 069 (ref. 12). We are 
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Fig. 1 | Detection of QPEs from the nearby TDE AT2019qiz. a, Chandra images 
obtained from exposures on 9 and 10 December 2023. Observation times are 
shown in UT. Each image shows a 30 × 30-arcsec region centred on AT2019qiz. 
Images have been smoothed with a 2-pixel Gaussian filter for clarity. The 
nearby source to the SE shows a consistent flux across the three exposures.  
b, Light curve showing eight eruptions detected by NICER, Swift/XRT and 
AstroSat from 29 February 2024 to 14 March 2024 (MJD 60369 to 60383). 

Without stacking, the count rate between the eruptions is consistent with zero. 
Time delays between eruptions are labelled. The mean (standard deviation) 
recurrence time is 48.4 (7.2) h. c, Comparison of light-curve shapes between 
the Chandra eruption from December 2023 and NICER eruptions from March 
2024. The fast rise and shallower decay remains consistent over several 
months. All error bars show 1σ uncertainties.
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unable to constrain when QPEs began in AT2019qiz, although NICER 
data in the two months around optical peak exhibit no QPEs. XRT data 
obtained on 13 January 2022 (about 840 days after disruption) over a 
duration of 25 h show the possible beginning of an eruption, but the 
duration of the observation is too short to confirm this (Methods; 
Extended Data Fig. 6).

Our HST imaging shows UV emission (effective wavelength 2,357 Å) 
coincident with the nucleus of the host galaxy. At this distance, the 
luminosity is νLν = 3.2 × 1041 erg s−1. This source is unresolved, indicat-
ing an angular size ≲0.08 arcsec or 25 pc (Extended Data Fig. 7). The 
luminosity is consistent with a TDE accretion disk20 but not with a 
nuclear star cluster (Methods). We also detect far-UV emission 
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Fig. 2 | NICER time-resolved spectroscopy of the second eruption in Fig. 1b. 
a, Light curve of the eruption, with the rise, peak and decay phases indicated by 
the colour coding. b, Fits to the spectrum during each phase, using a single- 
temperature blackbody model (Methods). The shaded regions are 90% 
confidence intervals. c, Blackbody luminosity plotted against temperature for 
each fit. The eruption shows an anticlockwise ‘hysteresis’ cycle in this 

parameter space. Error bars show the 90% confidence regions of the model 
posteriors. d, Blackbody radius against time, overlaid on the eruption light 
curve (grey). The blackbody radius increases during the eruption, with a 
maximum radius at the decay. We see tentative evidence in the final bin for 
contraction of the photosphere, which can be explained if the density and thus 
optical depth decrease as material expands.
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QPE sources. a, Mean eruption duration versus mean recurrence time. QPEs 
exhibit a clear correlation, with broader eruptions occurring for systems with 
longer recurrence times. The known QPE sources spend 24 ± 13% of their time  
in outburst5. AT2019qiz is consistent with this trend. b, Mean recurrence time 
versus reported SMBH mass from host galaxy scaling relations5,16. AT2019qiz is 

completely typical of the known QPE population in terms of its SMBH mass and 
supports previous findings5 that recurrence times in QPEs are not correlated 
with SMBH mass. The shaded regions represent the observed ranges of 
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Nature | Vol 634 | 24 October 2024 | 807

(1,480 Å) with AstroSat. We model the UV and quiescent X-ray light 
curves, alongside 3.5 years of optical measurements from the Pano-
ramic Survey Telescope and Rapid Response System (Pan-STARRS) 
and ZTF, using a time-dependent relativistic thin disk25 (Fig. 4;  
Methods). We find a SMBH mass ∙ ⊙M Mlog / = 6.310 −0.2

+0.3  and an initial  
disk mass ⊙M M/ = 0.06disk −0.03

+0.04 (Extended Data Fig. 8).
The properties of the disk help to constrain the cause of the QPE 

emission. In models of disk-pressure instability, the variability ampli-
tude and recurrence timescale depend on the SMBH mass and accre-
tion rate. With the SMBH mass well constrained, the late-time disk 
luminosity is (4 ± 1)% of the Eddington luminosity. At this Eddington 
ratio, radiation-pressure instability models can explain the amplitude 
of the eruptions but predict a recurrence time on the order of years26. 
A disk that is dominated by magnetic (rather than radiation) pressure 
is expected to be stable for this mass and Eddington ratio8. We there-
fore examine models that can explain QPE emission on hour to day 
timescales within a stable disk. These models involve another body  
(a star or compact object) already on a close, decaying orbit around 
the SMBH (an extreme-mass-ratio inspiral, or EMRI) that interacts with 
the spreading disk from the TDE once the disk is sufficiently radially 
extended.

The disk size is well constrained in our analysis by the UV and opti-
cal emission (Fig. 4) and is several times larger than an orbit with a 

48.4-h period (radius approximately 200GM•/c2). Because any orbit-
ing body with this period is expected to cross the disk, this provides 
a promising explanation for the observed QPEs. The same argument 
also applies to a 98.6-h orbit, required if interactions occur twice 
per orbit (Fig. 4). The luminosity in this model can be produced by 
the ejection of shocked disk material11, shock breakout within the 
disk27 or a temporarily enhanced accretion rate28. The compact 
emitting radius and its expansion during the eruptions may favour 
the first of these mechanisms. As the density of expanding ejecta 
decreases, we would expect the photosphere (the surface of the opti-
cally thick region) to eventually recede, consistent with our findings  
in Fig. 2d.

In the simplest case of an EMRI crossing the disk twice per ellipti-
cal orbit, recurrence times would exhibit an alternating long–short 
pattern, as seen in a subset of the known QPE sources1,3. In the EMRI 
model, more complex timing behaviour2,23 can be caused by relativistic 
precession of the disk if its rotational axis is misaligned with that of 
the SMBH10,29,30. Notable precession over the course of a few cycles 
in AT2019qiz would require a dimensionless SMBH spin a• ≳ 0.5–0.7; 
however, such a large spin would tend to align the disk and damp pre-
cession in ≪1,000 days (Methods). Changing gas dynamics following 
star–disk collisions has recently been proposed as an alternative way 
to explain QPE timing variations31. Continuing high-cadence obser-
vations of AT2019qiz will be required to better constrain the nature 
of its timing variations and enable more detailed comparisons with 
QPE models.

The serendipitous discovery of QPEs in TDE AT2019qiz suggests 
that QPEs following TDEs may be common. We find that the long-term 
accretion disk properties in AT2019qiz are consistent with the star–
disk interaction model for QPEs, indicating that the fraction of TDEs 
with QPEs can be used to constrain the rate of EMRIs, an important goal 
for future gravitational-wave detectors32. The latest observational 
estimates of the QPE rate24 are about one-tenth of the TDE rate33,34, 
consistent with recent theoretical predictions for the formation rate 
and lifetimes of EMRIs35. The QPEs in AT2019qiz show that long-term, 
high-cadence X-ray follow-up of optical TDEs will be a powerful tool 
for future QPE discovery, without the need for wide-field X-ray 
time-domain surveys, providing a path to measure the EMRI rate 
directly through electromagnetic observations.
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Methods

Observations and data analysis
X-ray data. Chandra. We downloaded processed Chandra images and 
event files and associated calibration data from the Chandra archive. We 
carried out analysis using CIAO version 4.16 (ref. 36) and CALDB version 
4.11.0. We checked for pileup using the pileup_map task, finding a pileup 
fraction of about 1% only for the central 4 pixels of the middle expo-
sure. Therefore, pileup has negligible impact on our analysis. Count 
rates were extracted using the srcflux task. We used a 2-arcsec (4-pixel) 
circular radius and the default point-spread function (PSF) model. The 
background was estimated using an annular region with inner and 
outer radii of 15 and 60 arcsec, respectively, centred on AT2019qiz. This 
excludes other point sources, including the SE source (see below). The 
CIAO srcflux task includes the Bayesian Gregory–Loredo algorithm37 to 
determine the optimal number of bins for investigating a time-varying 
(or, more formally, periodic) signal. The algorithm provides an odds 
ratio for variability (2.5 for AT2019qiz) and a light curve with the number 
of bins that maximizes this odds ratio. None of the other five sources 
in Extended Data Fig. 1 show an odds ratio >1.

We extract the spectrum in both eruption and quiescence (see below) 
using the specextract task. The spectrum of the eruption is soft and 
can be reasonably fit with a blackbody of about 100 eV. We perform a 
more detailed spectral analysis of AT2019qiz using the later eruptions 
and quiescent-phase data from instruments with greater sensitivity to 
softer (0.3–0.7 keV) X-rays (see sections ‘Swift/XRT and the quiescent 
spectrum of AT2019qiz’ and ‘NICER’).
The nature of the SE X-ray source. The Chandra images show a nearby 
source approximately 7 arcsec to the SE (labelled ‘SE source’ in Fig. 1). 
It overlaps with the PSF of AT2019qiz in all instruments other than 
Chandra. We extracted individual X-ray (0.5–7.0-keV) spectra from all 
three Chandra obsIDs to characterize the SE source. We perform spec-
tral analysis with the Bayesian X-ray Analysis (BXA) software version 
4.0.7 (ref. 38), which connects the nested sampling algorithm Ultra-
Nest39 with the fitting environment XSPEC version 12.13.0c (ref. 40), in 
its Python version PyXspec. To improve the quality of the spectrum, 
we jointly fit all three Chandra obsIDs. The source can be fit with a sim-
ple power-law model with foreground absorption (tbabs × cflux(pow)) 
and is consistent with being constant over all three obsIDs. The neutral 
column density was fixed at the Milky Way value of 6.6 × 1020 cm−2.  
The 0.5–3.0-keV flux in the model is 2.1 × 10 erg s cm−0.9

+1.6 −14 −1 −2  (90% 
posterior) and the photon index of the power law is Γ = 1.8 ± 0.5 (90% 
posterior). The fit is shown in Extended Data Fig. 4a.
Swift/XRT and the quiescent spectrum of AT2019qiz. We obtained 
Target of Opportunity time to follow up AT2019qiz with Swift/XRT. 
Eleven observations were obtained from 12 March 2024 to 14 March 
2024, with a typical exposure time of about 1,200 s per visit and cadence 
of 4.5 h. We clearly detect one eruption in the new data (Fig. 1). We also 
reanalysed all previous XRT data for this source obtained under previ-
ous programmes, using the online tools available through the UK Swift 
Science Data Centre41,42.

Owing to the better sensitivity at soft energies compared with 
Chandra, we are able to model the underlying disk spectrum using 
the XRT observations during the quiescent phase. For this, we use a 
colour-corrected thermal disk model (tdediscspec)43, to be consistent 
with the full spectral energy distribution (SED) fit (see section ‘Disk 
modelling’). Given the larger PSF of XRT, we simultaneously model the 
AT2019qiz and the SE source contributions to the total spectrum. We 
use the model tbabs × (zashift(tdediscspec) + cflux(pow)), in which 
zashift(tdediscspec) is the contribution from AT2019qiz and cflux(pow) 
is the contribution from the SE source. The fit does not require a red-
shifted absorption component. We use PyXspec and BXA. For the disk 
parameters (that is, AT2019qiz), we assume flat priors; however, for 
the SE source, we use the posteriors from fitting its spatially resolved 
Chandra spectrum (see section ‘The nature of the SE X-ray source’) as 

the priors. Extended Data Fig. 4b shows their individual contributions 
to the observed spectrum, confirming that AT2019qiz dominates at 
energies below ≃ 1.0 keV. The posteriors of the fit indicate a peak disk 
temperature kTp = 67 ± 10 eV (90% posterior), in agreement with the 
bulk TDE population44.
Archival data from Swift/XRT. The X-ray spectrum of AT2019qiz 
observed by Swift/XRT in 2019–2020 was reported to be hard16,21, sug-
gesting a possible contribution from the SE source. To test this, we fit 
the combined spectrum (MJD 58714 to 59000) with the same power law 
plus disk model. We again use our power-law-fit posteriors for the SE 
source from Chandra as a prior in BXA and this time fix the temperature 
of the disk component while letting its flux vary freely. The early-time 
XRT spectrum is entirely consistent with the SE source, with no statis-
tically significant contribution from the disk component (Extended 
Data Fig. 4c). This results in a 3σ upper limit on the flux (0.3–1.0 keV) 
from AT2019qiz at early times of ≤1.4 × 10−14 erg s−1 cm−2, or a luminosity 
≤7.2 × 1039 erg s−1.

By contrast, AT2019qiz is brighter and detected at high significance 
in data from 2022 onwards, with a spectrum dominated by the ther-
mal component21. The luminosity of AT2019qiz measured during all 
quiescent phases with XRT and Chandra is roughly 1041 erg s−1, more 
than an order of magnitude fainter than the eruptions. Extended Data 
Fig. 6 shows the observation from 2022 in bins of 5 ks. The final bin 
shows an increase in flux, but the temporal baseline is too short to 
confirm or rule out that this represents the onset of a QPE (see also 
Fig. 4). The spectral fit from ref. 21 is consistent with a blackbody with 
kTBB = 130 ± 10 eV, dominated by the final bin. We use the blackbody 
spectrum to calculate the luminosity in the final bin and exclude this 
bin from the disk model fit in Fig. 4a. We stack the remaining counts in 
a single bin and compute the quiescent luminosity using the fit from 
Extended Data Fig. 4.
NICER. NICER45,46 observed AT2019qiz in two distinct campaigns, first at 
early times (around optical peak) from 25 September 2019 to 5 Novem-
ber 2019 and another at late times (about 1,600 days after optical peak) 
from 29 February 2024 to 9 March 2024.

The cleaned events lists were extracted using the standard NICER 
Data Analysis Software (HEASoft 6.33.2) tasks nicerl2 using the follow-
ing filters: nicersaafilt=YES, saafilt=NO, trackfilt=YES, ang_dist=0.015, 
st_valid=YES, cor_range=“*-*”, min_fpm=38, underonly_range=0-80, 
overonly_range=“0.0-1.0”, overonly_expr=“1.52*COR SAX**(-0.633)”, 
elv=30 and br_earth=40. The whole dataset was acquired during 
orbit night-time and hence the daytime optical light leak (https://
heasarc.gsfc.nasa.gov/docs/nicer/data_analysis/nicer_analysis_tips.
html#lightleakincrease) does not apply to our data analysis. The latest 
NICER calibration release xti20240206 (6 February 2024) was used. 
Light curves in the 0.3–1.0-keV range were extracted using the nicerl3-lc 
task with a time bin size of 100 s and the SCORPEON background model.

The data obtained in the first campaign show no evidence for QPEs. 
Although the cadence is lower than that of the late-time data, it should 
be sufficient to detect QPEs occurring with the same frequency and 
duration as at late times, with a probability of detecting no QPEs of 
about 0.02 (using binomial statistics with a 20% duty cycle). We can 
therefore probably rule out QPEs within the first approximately two 
months after TDE fallback started (estimated to have occurred around 
11 September 2019 (ref. 16)). However, we note that we would not expect 
QPEs during this phase in any model, as AT2019qiz was found to have 
an extended debris atmosphere16, which remained optically thick to 
X-rays until much later21.

During the second observing campaign, we clearly detect QPEs. The 
field of view of NICER is shown in Extended Data Fig. 1, overlaid on the 
Chandra image. All of the sources detected by Chandra have intensi-
ties (at energies lower than 1 keV) more than a factor of 10 below the 
measured peak of the QPE. Any contributions from these sources to 
the NICER spectra are further diminished by their offset angles from 
the centre of the field. We conclude that the NICER counts during 
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eruptions are completely dominated by AT2019qiz. The six consec-
utive eruptions detected by NICER were modelled using a skewed 
Gaussian fit to each peak (Extended Data Fig. 2). We measure rest- 
frame delay times of 39.3 ± 0.3, 56.3 ± 0.3, 42.1 ± 0.3, 51.2 ± 0.2 and 
53.5 ± 0.2 h between successive eruptions.

Given the high count rate and good coverage, we extracted time- 
resolved X-ray spectra from the second NICER eruption (Fig. 1) in 
the 0.3–0.9-keV band. We created Good Time Intervals (GTIs) with 
nimaketime for four intervals representing the rise, peak and decay 
(two phases) of the eruption. We extracted these spectra using the 
nicerl3-spec task and produced SCORPEON background spectra in ‘file 
mode’ (bkgmodeltype=scorpeon bkgformat=file) for each of the four 
GTIs. We simultaneously fit the four spectra using PyXspec and BXA, 
assuming the model tbabs × zashift(bbody). We fixed the redshift to 
z = 0.0151 and included foreground absorption, with a neutral hydro-
gen column density fixed to nH = 6.6 × 1020 cm−2 (ref. 47). We initially 
included a redshifted absorber, but the model preferred zero contri-
bution from this component, so we excluded it for simplicity. The full 
posteriors of the parameters are shown in Extended Data Fig. 3.
AstroSat/SXT. We observed AT2019qiz with AstroSat48 for four days 
starting on 12 March 2024 UT using the Soft X-ray Telescope (SXT)49 
and the Ultra-Violet Imaging Telescope (UVIT)50,51. We used the level2 
SXT data processed at the Payload Operation Centres using sxtpipe-
line v1.5. We merged the orbit-wise level2 data using SXTMerger.jl. We 
extracted the source in 200-s bins using a circular region of 12 arcmin. 
The broad PSF of the SXT does not leave any source-free regions for 
simultaneous background measurement. However, the background is 
low (0.025 ± 0.002 counts s−1) and steady. As the quiescent flux meas-
ured by Chandra is below the SXT detection limit, we take this count 
rate as our background estimate and subtract it from the light curve. 
SXT detected one eruption (MJD 60383.548).
Optical/UV observations. HST. We observed AT2019qiz using HST 
on 21 December 2023 UT (MJD 60299.55), obtaining one orbit with 
the Wide-Field Camera 3 (WFC3) UVIS channel in the F225W band. We 
downloaded the reduced, drizzled and charge-transfer-corrected image 
from the HST archive. We clearly detect a UV source coincident with 
the nucleus of the host galaxy. We verify that this source is consistent 
with a point source both by comparing the profile with other point 
sources in the image using the RadialProfile task in photutils and by 
confirming that the fraction of counts within apertures of 3 and 10 pix-
els are consistent with published encircled energy fractions in the UVIS 
documentation.

We perform aperture photometry using a 10-pixel (0.396-arcsec)  
circular aperture, measuring the galaxy background per square arcsec-
ond using a circular annulus between 20 and 40 pixels and subtracting 
this from the source photometry. Although we cannot measure the 
galaxy light at the precise position of AT2019qiz, having no UV images 
free from TDE light, the estimated background within our aperture is 
<2% of the transient flux, so our results are not sensitive to this approxi-
mation. We correct to an infinite aperture using the encircled energy 
fraction of 85.8% recommended for F225W. The zero point is derived 
from the image header, including a chip-dependent flux correction. 
We measure a final magnitude of 20.63 ± 0.03 (AB).

Although the angular scale of about 25 pc is not small enough to rule 
out a nuclear star cluster (NSC), the UV source is an order of magni-
tude brighter than known NSCs52. Moreover, NSCs are generally red53 
and many magnitudes fainter than their host galaxies in bluer bands. 
The magnitude of the source we detect is comparable with the total 
UV magnitude of the galaxy16. An unresolved nuclear source was also 
detected in the QPE source GSN 069 (ref. 54).
Ground-based photometry. Numerous observations of this galaxy 
have been obtained by all-sky optical surveys both before and after the 
TDE. The optical emission was independently detected by ZTF55,56, the 
Asteroid Terrestrial-impact Last Alert System (ATLAS)57, Pan-STARRS58 
and the Gaia satellite59.

Pan-STARRS reaches a typical limiting magnitude of about 22 in the 
broad w filter (effective wavelength of 6,286 Å) in each 45-s exposure. 
All observations are processed and photometrically calibrated with 
the PS image-processing pipeline60–62. We downloaded and manually 
vetted all w-band observations of AT2019qiz since September 2019 
and, in most cases, confirm a clean subtraction of the host galaxy light. 
We also retrieved ZTF forced photometry63 in the r band (with a similar 
effective wavelength of 6,417 Å). Owing to the shallower limiting mag-
nitude of about 20.5, we stack the fluxes in 7-day bins. Both surveys 
clearly detect a continuing plateau, persisting for >1,000 days with a 
luminosity νLν ≈ 7 × 1040 erg s−1. All Pan-STARRS and ZTF photometry 
was measured after subtraction of pre-TDE reference images using 
dedicated pipelines and hence include only light from AT2019qiz.

Although the optical light curves show scatter consistent with 
noise, they do not seem to exhibit the intense flaring behaviour seen 
in the X-rays. An order-of-magnitude flare in the optical would easily 
be detected even in the unbinned ZTF photometry. Assuming a duty 
cycle of 20%, and conservatively restricting to data since January 2022 
(when we first see signs of day-timescale X-ray variability with XRT), 
the probability of never detecting an eruption simply because of gaps 
in cadence is ≲10−13.

To test for optical variability on shorter timescales, we conducted 
targeted observations with the 1.8-m Pan-STARRS2 telescope in Hawaii 
on 11 February 2024, with the IO:O instrument on the 2.0-m Liverpool 
Telescope64 in La Palma on 15 February 2024 and with ULTRACAM65 on 
the 3.5-m New Technology Telescope at the European Southern Obser-
vatory (La Silla) in Chile on 10 February 2024. Pan-STARRS images were 
obtained in the w band (50 × 200-s exposures) and Liverpool Telescope 
in the r band (32 × 120 s), whereas ULTRACAM observed simultaneously 
in the us, gs and rs bands66 (384 × 20 s, with only 24 ms between expo-
sures). All images were reduced through standard facility pipelines. For 
Pan-STARRS, this included subtraction of a pre-TDE reference image and 
forced photometry at the position of AT2019qiz. In the case of Liverpool 
Telescope and ULTRACAM, we performed photometry using psf67, an 
open-source Python wrapper for photutils and other image-analysis 
routines. We excluded 17 ULTRACAM images affected by poor see-
ing. We attempted manual subtraction of the Pan-STARRS reference 
images using psf; however, we found that the extra noise introduced 
by the subtraction was larger than any detectable variability. As shown 
in Extended Data Fig. 5, there is no strong evidence for variability on 
timescales on the order of hours.
Swift/UVOT. UV observations were taken with Swift/UVOT in the uvm2 
filter contemporaneously with the XRT observations. We used the 
uvotsource package to measure the UV photometry, using an aperture 
of 12″. We subtracted the host galaxy contribution by fitting archival 
photometry data with stellar population synthesis models using Pros-
pector68. This standard procedure has been used to analyse previous 
UVOT observations of TDEs56. We apply Galactic extinction correction 
to all bands using a E(B–V) value of 0.094 (ref. 69).

The UVOT photometry is shown in Extended Data Fig. 5. Although 
lacking the resolution of HST to separate the central point source from 
the host light, the mean measured magnitude of 20.1 is about 0.5 mag 
brighter than the host level estimated by SED modelling16. The indi-
vidual measurements exhibit root-mean-square variation of 0.27 mag 
(Extended Data Fig. 5), possibly indicating variability that would further 
exclude a nuclear star cluster. The timing of the XRT QPE is marked, 
coinciding with a possible (but not statistically significant) dip in UV 
flux as seen in the QPE candidate XMMSL1 J0249 (ref. 13).
AstroSat/UVIT. We observed AT2019qiz with UVIT using the broad 
filter CaF2 (F148W)50. We processed the level1 data with the CCDLAB 
pipeline70 and generated orbit-wise images, detecting a bright nuclear 
source. We performed aperture photometry using the UVITTools.jl 
package and the latest calibration51, in a circular region of 20 pixels 
(8.2 arcsec). We also extracted background counts from a source-free 
area of the image. The background-corrected count rate in the merged 



image corresponds to a flux density fλ = 3.16 ± 0.97 × 10−16 erg cm−2 s−1 Å−1 
or magnitude m = 20.49 ± 0.03 (AB). We found no statistically signifi-
cant far-ultraviolet variability between the orbit-wise images. We do 
not attempt to remove host galaxy flux for the UVIT data, as the field 
has not been covered by previous far-ultraviolet surveys. SED model-
ling would require a large extrapolation. Regardless, we expect that the 
galaxy flux should be negligible at these wavelengths20.

Analysis
Assessing variability. We perform two checks that the X-ray variability 
corresponds to QPEs rather than random variation. First we compare 
with physically motivated models of stochastic variability. Reference 71 
demonstrated a mechanism to produce order-of-magnitude X-ray vari-
ability through Wien-tail amplification of accretion-disk perturbations. 
Their Fig. 3 shows the X-ray light curve of a model with a SMBH mass of 
2 × 106 M⊙, consistent with AT2019qiz. The light curves are of a visibly 
different character to our data, with random variability rather than 
flares of consistent duration and no obvious ‘quiescent’ level. We ran 
further simulations using their model and never found a light-curve 
segment resembling AT2019qiz.

We also take a model-agnostic approach and assume the null hypoth-
esis that the times of the X-ray peaks are random. Drawing a list of 105 
delay times from a flat probability distribution between 0 and 60 h 
and examining every consecutive sequence of eight, we ‘measure’ the 
standard deviation in delay times to be ≤15% of the mean in only ≲0.1% 
of trials. This is not sensitive to where we place the upper and lower 
bounds of the distribution. Therefore, we can exclude random peak 
times at >3σ confidence.

QPE duration–recurrence time correlation. The data in Fig. 3a show 
an apparent correlation between the mean duration and mean recur-
rence time of QPEs from a given source5. An equivalent statement is 
that QPEs seem to show a constant duty cycle across the population, 
with previous work indicating a duty cycle of 0.24 ± 0.13 (ref. 5). We 
reanalyse this correlation including AT2019qiz by performing Bayes-
ian regression with a linear model Tduration = αTrecurrence + β. We find 
α = 0.22−0.04

+0.11  (95% credible range), consistent with previous findings5. 
Comparing this model with the null hypothesis (α = 0), we find a change 
in the Bayesian Information Criterion ΔBIC ≈ 50, indicating a strong 
preference for a positive linear correlation over the null hypothesis of 
no correlation.

Disk modelling. We use the time-dependent relativistic thin disk 
model developed in refs. 19,25. This computes the spectrum of an 
evolving accretion flow, produced at early times by the circularization 
of some fraction of the TDE stellar debris. To generate light curves, 
we follow the procedure of ref. 19 (their Fig. 2). The important input 
parameters are the mass and spin of the SMBH, the initial disk mass, 
the disk–observer inclination angle and the turbulent evolutionary 
timescale. Also, there are nuisance parameters relating to the initial 
surface density profile of the disk, which is generally unknown and has 
minimal effect on the late-time behaviour. As this initial condition is 
so poorly constrained, we simply consider an initial ring of material 
(as in ref. 25).

For each set of parameters {Θ}, we compute the total (log-)likelihood
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in which Oi,j, Mi,j and Ei,j are the observed flux, model flux and flux uncer-
tainty of the jth data point in the ith band, respectively. For the X-ray 
data, we compute the integrated 0.3–1.0-keV flux using the best-fit 
models to the quiescent Swift/XRT and Chandra data, whereas for 
optical/UV bands, we compute the flux at the effective frequency of 
the band. We correct all data for foreground extinction/absorption47,69.

The early optical and UV observations do not examine direct emis-
sion from the accretion flow, because of either reprocessing72 or shock 
emission from streams73. We add an early-time component to model 
out this decay19, with functional form

L L t τ
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( , )
( , )
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0

in which B(ν, T) is the Planck function and ν0 = 6 × 1014 Hz is a reference 
frequency. We fit the amplitude L0, temperature T and decay timescale 
τdec, as well as the disk parameters. We only include data taken after the 
peak of the optical light curves.

The fit was performed using Markov chain Monte Carlo techniques, 
using the emcee formalism74. To speed up computations, analytic solu-
tions of the relativistic disk equations75 were used. The model satisfac-
torily reproduces all data. The model X-ray light curve shows a slow rise; 
however, this is completely unconstrained by data and is therefore very 
sensitive to the uncertain initial conditions of the simulation. After a 
few hundred days (by the time of the earliest X-ray data in Fig. 4), the 
disk has spread to large radii and is no longer sensitive to initial condi-
tions. We present the posterior distributions of the physically relevant 
free parameters in Extended Data Fig. 8. The best-fitting SMBH mass 
is consistent with all other observational constraints.

We note that a dimensionless SMBH spin parameter a• > 0 is favoured 
by the model (although see caveats below), with a peak in the poste-
rior around a• ≈ 0.4–0.5. This constraint originates from the relative 
amplitudes of the optical/UV and X-ray luminosities, as highlighted 
in Extended Data Fig. 9. As the optical and UV light curves are well 
separated in frequency, the properties of the disk at scales r ≳ 20rg 
are tightly constrained. The amplitude of the X-ray luminosity is con-
trolled by the temperature of the inner disk, close to the innermost 
stable circular orbit. For a given large-scale structure, this radius is 
determined by a•.

Our disk model parameterizes the colour correction factor fcol 
in terms of the local disk temperature76, but our posteriors do not 
marginalize over its unknown uncertainty. Recognizing that mod-
est uncertainties in fcol lead to substantial uncertainties in spin (for 
non-maximal black hole spins)77, we do not claim a spin measurement 
here but simply note that a modest spin is consistent with our data. The 
spin estimates in this model also assume a planar disk that is aligned 
with the SMBH spin, which is not true in the case of a precessing disk 
(see next section).

Although the disk temperature profile (and therefore the location 
of the disk’s outer edge) is tightly constrained from the multiband 
late-time observations, it is well known that disk temperature con-
straints only scrutinize the product W Σϕ

r , in which Wϕ
r is the turbulent 

stress and Σ is the surface mass density. As the functional form of the 
turbulent stress cannot be derived from first principles, and must be 
specified by hand, there is some uncertainty in the mid-disk density 
slope. Our choice of Wϕ

r  parameterization is optimized for computa-
tional speed75 and is given by W w= = constantϕ

r . Rather than fit for w, 
we fit for the evolutionary timescale of the disk (which has a more obvi-
ous physical interpretation), given by t GM r w≡ 2 /9evol 0

3
∙ . We empha-

size that this uncertainty has no effect on our constraints on the size 
of the disk.

With this choice of parameterization for the turbulent stress, 
the disk density profile (Fig. 4) can be approximated as Σ ∝ r−ζ, with 
ζ = 1/2, for r = (2–600)GM•/c2. The density slope is not very sensi-
tive to modelling assumptions, with the (potentially) more physical 
radiation-pressure-dominated α-disk model having ζ = 3/4.

Precession timescales. If the SMBH is rotating, any orbit or disk that is 
misaligned with the spin axis will undergo Lense–Thirring precession. 
This is a possible cause of timing variations in QPEs30. Changes in QPE 
timing in AT2019qiz are seen over the course of ≲8 observed cycles, 
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which would require that the precession timescale Tprec is approximately 
several TQPE, in which TQPE ≈ 48.4 h is the QPE recurrence time.

The precession timescale can be calculated following29:

( )
( )

T
πGM ζ

c ζ

r r r r

a r r
=

8 (1 + 2 )
(5 − 2 )

1 − ( / )

1 − ( / )
, (3)
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in which rin and rout are the inner and outer radii of the disk or orbit, 
respectively, in Schwarzschild units (see also ref. 78). We assume 
log(M•/M⊙) = 6.3 and investigate the plausible precession period for 
different values of a•.

The nodal precession timescale for an orbiting body can be esti-
mated by calculating Tprec at the orbital radius (setting Rin ≈ Rout ≈ Rorb). 
For a• = 0.1–0.9, this gives Tprec,orbit ≈ (103–104) × TQPE, independent of ζ. 
Therefore, in the EMRI model, nodal precession is too slow to account 
for changes in QPE timing over several orbits.

The precession timescale of the disk can be calculated by assuming 
that it behaves as a rigid body with rin = 2GM•/c2, rout = 600GM•/c2 and a 
density slope ζ = 1/2 from our disk model. We use the above equation 
to find Tprec,disk ≈ (70–200) × TQPE (for the same range of spins). With 
a steeper density profile having ζ = 1, this would reduce to Tprec,disk ≈  
(8–70) × TQPE (because more mass closer to the SMBH enables stronger 
precession). Therefore, precession can explain detectable changes in 
QPE timing over the course of several orbits only in the case of a rapidly 
spinning SMBH (a• ≳ 0.5–0.7) and a steep disk density profile.

With these constraints, attributing the timing residuals primarily to 
disk precession becomes challenging. The larger the SMBH spin mag-
nitude, the faster an initially inclined disk will come into alignment with 
the black hole spin axis, damping precession on a timescale ≲100 days 
for a• > 0.6 and M• ≈ 106 M⊙ (ref. 79). To maintain precession for more 
than 1,000 days requires a spin a• ≲ 0.2, in which case the precession 
is not fast enough to fully explain the timing variations in our data.

We also note that the disk inner radius used in our precession calcu-
lation was derived from a planar disk model. In a tilted disk around a 
spinning SMBH, the radius of the innermost stable circular orbit will 
differ from the equatorial case. Understanding the effect of disk pre-
cession in AT2019qiz will probably require both continued monitoring 
to better understand the QPE timing structure and a self-consistent 
model of an evolving and precessing disk that can explain both the 
multiwavelength light curve and the timing residuals.

Constraints on QPE models. Many models have been proposed to 
explain QPEs. Disk tearing owing to Lense–Thirring precession has 
been suggested80. This effect has plausibly been detected in the TDE 
AT2020ocn (ref. 81). However, its X-ray light curve did not resemble 
that of AT2019qiz or those of other QPEs. As discussed above, it is also 
unclear whether strong precession will persist until such late times. 
The X-ray variability in AT2020ocn occurred only in the first months 
following the TDE.

Gravitational lensing of an accretion disk by a second SMBH in a 
tight binary could cause periodic X-ray peaks for the right inclination82. 
However, in the case of AT2019qiz, no signs of gravitational self-lensing 
were detected during the initial TDE. In this model, a QPE magnification 
by a factor ≳10 requires an extremely edge-on view of the disk, which 
leads to a shorter duration of the QPE flares. This was already problem-
atic for previous QPEs82 and is more so for the longer-duration flares 
in AT2019qiz. Moreover, finding a TDE around a close SMBH binary 
within a very narrow range of viewing angles (≳89.5°) is very unlikely 
in the small sample of known TDEs, so a strong TDE–QPE connection 
is not expected in this model.

Limit-cycle instabilities are an appealing way to explain recurrent 
variability7,83. The recurrence timescale for disk-pressure instabilities 
depends on whether the disk is dominated by radiation pressure or 
magnetic fields8, as well as the accretion rate. Our disk model, which 

is well constrained by the multiwavelength data, gives an Eddington 
ratio M M L L˙ / ≈ / = 0.04 ± 0.01Edd Edd . Reference 26 gives formulae to 
interpolate the recurrence time for radiation-pressure instabilities, 
for a given amplitude relative to quiescence. We assume a peak-to- 
quiescence luminosity ratio of 60, although our analysis is not sensi-
tive to this. Using the prescription for either the intermediate-mass 
black holes (their equation 33) or SMBHs (their equation 34), we find 
a recurrence time of about 5,000 days.

In the magnetic case, we use equation 14 from ref. 8. Matching the 
observed recurrence time requires a dimensionless magnetic-pressure 
scaling parameter p0 ≈ 10. However, at this Eddington ratio, the disk 
should be stable8 if p0 ≳ 1. This leaves no self-consistent solution in 
which magnetic-pressure instabilities cause the QPEs in AT2019qiz. 
The possibility of a long–short cycle in recurrence time, and the asym-
metric profile of the eruptions3, also disfavour pressure instabilities. 
We also note that, in disk-instability models, the recurrence time of the 
instability correlates with SMBH mass. For the known QPEs, there is no 
apparent correlation in recurrence time with mass (Fig. 3).

The final class of models to explain QPEs involves an orbiting body 
(EMRI) either transferring mass to an accretion disk or colliding with it 
repeatedly9–11,27,28,30,35,84–86. Note that this is very unlikely to be the same 
star that was disrupted during the TDE: if a bound remnant survived 
the disruption, it is expected to be on a highly eccentric orbit with a 
much longer period than the QPEs11. The fundamental requirement for 
star–disk collisions to explain QPEs is that the disk is wider than the 
orbit of the EMRI. The size of the disk in AT2019qiz is well constrained 
by our analysis and the posteriors of our fit fully satisfy this require-
ment, at least in the case of a circular disk.

For an orbit with the QPE period to avoid intersecting the disk would 
require a disk ellipticity e > 0.7 (assuming that the semimajor axis of the 
disk is fixed) and an appropriately chosen orbital inclination. Although 
some TDE spectra support a highly elliptical disk in the tens of days after 
disruption87, most can be explained with an approximately circular 
disk88–90. Simulations of TDE accretion disks show a high ellipticity in 
the days after disruption91, but shocks are expected to circularize the 
disk over the course of a few debris orbital periods92 (days to weeks), 
whereas we observe QPEs on a timescale of years after AT2019qiz. An 
initially highly eccentric disk becomes only mildly elliptical (e ≈ 0.6) 
on a timescale of several days (refs. 93–100). Once notable fallback 
has stopped (before the plateau phase), no more eccentricity will be 
excited in the disk, whereas turbulence will act to further circularize 
it, so we expect that the disk in AT2019qiz will be circular to a good 
approximation.

The case of an EMRI interacting with a TDE disk was specifically 
predicted by refs. 11,30. The formation rate of EMRIs by the Hills 
mechanism is about 10−5 year−1 galaxy−1, about one-tenth of the TDE 
rate. Because the time for inspiral resulting from gravitational-wave 
emission (approximately 106 years) is longer than the time between 
TDEs (approximately 104 years), theory predicts that ≳1 in 10 TDEs 
could host an EMRI capable of producing QPEs11,35. This is consistent 
with recent observational constraints on the QPE rate24.

Data availability
All NICER, Chandra and Swift data presented here are public and 
can be found in the NASA archives at https://heasarc.gsfc.nasa.gov/
cgi-bin/W3Browse/w3browse.pl. HST data are public through the MAST 
archive at https://archive.stsci.edu/missions-and-data/hst. The reduced 
light-curve data from Figs. 1 and 4 are available on GitHub at https://
github.com/mnicholl/AT2019qiz.

Code availability
Data reduction and X-ray spectral fitting were performed using stand-
ard, publicly available codes (Methods). Code used for the relativistic 
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disk model is described by refs. 19,25. Author A.M. is working towards 
releasing a user-friendly version of this code publicly through GitHub; 
the current version will be shared on request.
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Extended Data Fig. 1 | Chandra image during eruption. The image is 
8.5 × 8.5 arcmin, with north up and east to the left. Five sources are detected 
within a few arcminutes of AT2019qiz. Only AT2019qiz shows statistical 
evidence of variability in the Chandra data (Methods). The PSFs (half-encircled 
energy width) of Swift/XRT and AstroSat are marked, as is the NICER field of 
view. None of the sources exhibit a count rate (0.3–1.0 keV) above about 10%  
of the count rate from AT2019qiz during eruption. Figure 1a shows a zoom-in  
of the central region.
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Extended Data Fig. 2 | Estimates of the peak times of each eruption. Each 
peak has been fit separately with a skewed Gaussian function using SciPy. This 
takes four parameters: the mean μ of the unskewed Gaussian, the standard 
deviation σ, the skewness a and an arbitrary normalization. We take the 
maximum of the function as the time of each peak. The uncertainty in timing is 
given by the variance in μ. The error bars show the 1σ uncertainty in count rate.



Extended Data Fig. 3 | Physical parameters from the second eruption detected with NICER. Corner plot showing posterior distributions of all free parameters 
from the time-resolved spectral modelling of the second NICER eruption (Fig. 2).
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Extended Data Fig. 4 | Fits to the quiescent spectrum of AT2019qiz and  
the nearby SE source. Shaded regions show 90% confidence intervals. a, Fit to 
the SE source from Chandra (first and third epochs). The data are best fit with a 
power law with Γ = 1.8 ± 0.5. b, Fit to the quiescent spectrum from Swift/XRT. 
This includes flux from both sources. We fit with a power law plus a thermal disk 
model including colour correction (tdediscspec), using the posteriors from  
the SE source as the priors on the power-law component. The SE source clearly 
dominates the count rate above ≃1 keV. Below this, the spectrum is well fit by 

the thermal disk with peak temperature kTp = 67 ± 10 eV, similar to other QPE 
sources during their quiescent phases1,3 and similar to X-ray-detected TDEs44. 
The SE source contribution is shown in blue. c, Fit to the X-ray spectrum during 
the initial phase of the TDE optical component (MJD 58714 to 59000) using  
the temperature and power-law slope from panels a and b. The spectrum is 
consistent with emission from the SE source, with no statistically significant 
contribution from AT2019qiz.



Extended Data Fig. 5 | High-cadence optical observations and UV 
photometry. Pan-STARRS data are measured on difference images using  
the Pan-STARRS reference image for subtraction, whereas for the Liverpool 
Telescope, ULTRACAM and UVOT, we measure aperture photometry on the 
unsubtracted images. We subtract the mean magnitude in each case to 

emphasize the (lack of) strong variability on hour-long timescales. However, 
the UV shows possible variability at the level of several times 0.1 mag, with a 
possible dip at the time of the QPE13. Note that the time axis is different on 
each sub-plot and the dates on which each dataset was obtained are provided 
on the individual panels. The error bars show the 1σ uncertainty in magnitude.
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Extended Data Fig. 6 | High-cadence X-ray observations at earlier times.  
a, NICER data obtained between 25 September 2019 and 5 November 2019, 
close to the time of the optical TDE peak. No variability is detected, with the 
shaded region showing the range of QPE peaks at late times. Comparing with 
the observed QPEs at late times suggests that we would have most probably 

detected about two QPEs if they were active. b, Swift/XRT data21 obtained on 13 
January 2022, binned in 5-ks fixed bins. The dotted line shows the QPE detected 
later with XRT. Variability is now observed on approximately hour timescales, 
but the baseline is insufficient to determine whether this is QPE-like in nature. 
The error bars show the 1σ uncertainty in count rate.



Extended Data Fig. 7 | Optical, UV and X-ray images. 30 × 30-arcsec false- 
colour image, centred at the position of AT2019qiz. The red channel shows the 
archival Pan-STARRS stacked image of the field in the r band. The blue channel 
shows the Chandra image during the QPE (which appears magenta overlaid on 

the red Pan-STARRS image), smoothed with a 2-pixel Gaussian filter. The green 
channel shows the HST image, demonstrating the point nature of the UV 
emission (visible as a white dot at the centre of the image) and its association 
with the host nucleus.
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Extended Data Fig. 8 | Parameter constraints from the disk model.  
The posterior distributions of the model fit to AT2019qiz. The SMBH mass 
posterior (M⊙) is consistent with all other observational constraints and all 
other parameter values are in the expected range for TDEs. The SMBH spin is 

denoted a•, Mdisk is the initial disk mass, tevol parameterizes the timescale of 
viscous spreading and i is the inclination of the disk with respect to the 
observer.



Extended Data Fig. 9 | Examples of disk model light curves for four different 
SMBH spin values. All other parameters are fixed to the posterior medians. 
The colours are the same as in Fig. 4. In optical and UV bands, varying the spin 
produces imperceptible changes in the light curves, but in the X-ray band, the 

changes are pronounced. Physically, this is a result of the exponential 
sensitivity of the X-ray flux on the inner disk temperature, whereas the  
optical and UV luminosity is sensitive only to the disk structure at larger radii.
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Extended Data Table 1 | Estimates of the SMBH mass in 
AT2019qiz

Errors represent the 1σ uncertainty including statistical and systematic errors unless specified 
otherwise.
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