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Stars approaching supermassive black holes (SMBHs) at the center of galaxies can be disrupted16

by tidal forces and illuminate the electromagnetic spectrum. Space-based observatories17

performing searches in γ-rays and X-rays have unveiled a handful with relativistic jets, the18

last one more than a decade ago. Here we report the optical discovery of AT2022cmc a19

transient source located at a redshift z = 1.19335. The discovery of a very bright counterpart20

at other wavelengths, including in X-rays, sub-millimeter, and radio, supports the interpretation21

of AT2022cmc as a jetted tidal disruption event (TDE) containing a synchrotron “afterglow”.22

Optical and ultraviolet observations revealed a fast-fading red “flare” (∼ 1 day) soon dominated23

by a slow blue “plateau”, hence enabling the study of two components generated by the tidal24

disruption: the relativistic jet and the optically thick outflows from the self-crossing shock25

and the accretion disk. [A SENTENCE ON RATES WHEN AVAILABLE]. Forthcoming26

optical surveys have the potential to unveil a population of transients of the AT2022cmc class.27

On 2022 February 11 10:42:40 UTC the Zwicky Transient Facility (ZTF1), in its nightly28

cadenced survey[CIT], detected a transient, ZTF22aaajecp (Fig. 1), located at J2000 right ascension29
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α = 13h34m43.201s and declination δ = +33◦13′00.648′′.a A pipeline called “ZTFReST”2, using30

data obtained on the next two nights, flagged it to be of high value due to its rapid rise and fade.31

ZTFReST is designed for enabling real-time discovery of elusive transients including compact32

binary merger products (known as kilonovae3) in optical survey data, which require online frameworks33

to enable successful identification and follow-up observations.34

We registered the source with the Transient Name Server (TNS)b which then assigned4
35

the IAU name AT2022cmc. A bright X–ray counterpart was found5 with a 0.3–6 keV flux of36

(3.04±0.05)×10−11 erg s−1cm−2 (Supplementary Information sec. 4.0.11-4.0.12), as well as in the37

decimetric6 and in the sub-millimeter7 bands (Fig. 2; Supplementary Information sec. 4.0.4-4.0.5).38

The redshift of the host galaxy, z = 1.19335 ± 0.00021, was secured by absorption and emission39

lines in the spectrum obtained with the European Southern Observatory’s X-shooter instrument8
40

(Fig. 3; Supplementary Information sec. 4.0.13).41

We undertook an intensive multi-wavelength monitoring program. The infrared/optical/ultraviolet42

light curve (Fig. 1) showed a red color and rapid rise and decay for about two days (rest frame)43

post-discovery, before the evolution slowed and the color became bluer. Observations with the44

Very Large Array (VLA), the Submillimeter Array (SMA), and JCMT SCUBA-2 Sub-millimetre,45

which started on 2022 February 15 12:06 UT, showed that the radio spectrum was self-absorbed46

up to hundreds of GHz. The X–ray, radio, and submillimeter counterparts are all among the most47

luminous identified to date for cosmological transients (see Supplementary Material).48

Interpretation49

The exceptionally high luminosity and rapid spectral and temporal evolution mark AT2022cmc50

as an extremely unusual transient, even amongst the rapidly expanding “zoo” of objects that now51

populate almost every region of the parameter space (Fig.1). Of the known classes of transient52

sources, we consider four potential models as viable because of the fast optical variability and53

the existence of radio and X–ray counterparts: a γ-ray burst arising due to the collapse of a star54

(GRB), a kilonova arising from r-process element production in a compact binary merger, a fast55

blue optical transient (FBOT9, 10), which are not well-understood but are likely related to stellar56

aThese coordinates were obtained from Hubble Space Telescope follow-up images.
bhttps://www.wis-tns.org/

2

https://www.wis-tns.org/


collapse to a black hole, and a jetted tidal disruption event (TDE) scenario, where a supermassive57

black hole accretes matter from a star.58

The observed redshift of AT2022cmc implies that the intrinsic optical isotropic equivalent59

luminosity is comparable only to the brightest relativistic transients (Fig. 2, left panel). Such a60

high luminosity (M ≈ −25mag in r-band) along with the red color at peak and rapid decline, are61

consistent with synchrotron emission; this behavior is usually observed in cosmological afterglows62

associated with GRBs, some of which were discovered in ZTF data by ZTFReST2 and other fast63

transient filtering algorithms11, 12. Optical GRB afterglows are typically characterized by a short64

(∼ seconds to minutes) rise phase, with rare exceptions 13, so the early ZTF faint detections in both65

r- and g-band of AT2022cmc (11.6 minutes from each other and 10.8 hours before the brightest66

optical data point) suggest that the rise time was likely longer than typical for an on-axis afterglow.67

The large X–ray and radio isotropic equivalent luminosity and fast variability[CIT Pasham’s ATel]68

separate AT2022cmc from the class of GRB afterglows (Fig. 2, right panel) and is in contrast69

with an off-axis GRB interpretation (however see 14). A blue slow component at late time is not70

predicted for GRB afterglows.71

The red color and rapid evolution of AT2022cmc recall the behavior of the optical/infrared72

kilonova AT2017gfo15 associated with GW17081716, the first binary neutron star merger detected73

in gravitational waves. The luminosity of kilonovae is however orders of magnitude lower than74

most extragalactic transients (GW170817 was M ∼ −16.5mag at peak), even when models with75

high ejecta mass are invoked, and those models evolve from blue to red (whereas AT2022cmc is76

red to blue).77

A recently discovered class of sources known as fast blue optical transients (FBOTs9, 10)78

exhibit observer-frame light curves that look similar to AT2022cmc. Similarly to AT2022cmc,79

FBOTs have bright X–ray and radio counterparts12, 17–19. At early phases, the optical light curve80

of AT2022cmc fades ∼ 2× faster than the prototypical FBOT, AT2018cow, it is much redder,81

and > 83× brighter in r-band at peak. A long-duration blue component has not been observed in82

FBOTs to date. Altogether these properties exclude this scenario.83

The luminosity of the X–ray and the submillimiter counterparts to AT2022cmc are comparable84

to only the most luminous GRB afterglows and to the relativistic tidal disruption event (TDE),85
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Swift J1644+5720–23. Swift J1644+57 was first detected as a GRB, but its follow-up revealed86

exceptional characteristics that is most commonly explained by relativistic emission from the87

tidal disruption of a star by a supermassive black hole. A near-infrared transient was detected88

associated with Swift J1644+57, which faded beyond the detection limit in ∼ 10 days21. No89

optical or ultraviolet transient was detected21, 22, probably because it was suppressed by the host90

galaxy dust extinction, which was estimated to be AV ≈ 4.5 (corresponding to a neutral hydrogen91

column density of NH≈ 1 × 1022 cm−2)21. From the Swift/XRT data analysis of AT2022cmc92

(see Methods), we estimate that the neutral hydrogen column density of the host galaxy is NH<93

6.4×1021 cm−2 (90% confidence). The presence of a counterpart in the ultraviolet, first detected by94

the Neil Gehrels Swift Observatory on 2022 February 23 (day 5.334) with magnitude UWM2 =95

(21.30± 0.25)mag, suggests that the host galaxy extinction is significantly lower than in the case96

of Swift J1644+57.97

We conclude that AT2022cmc is most likely generated by jetted material from the tidal98

disruption of a star by a massive black hole at the center of a galaxy with low dust extinction. Two99

more jetted TDE candidates have been detected by Swift with similar X-ray and radio properties:100

Swift J2058+05 24, 25 and Swift J1112-82 26, which implied a rate of jetted TDEs of ≈ 3×10−10yr−1
101

per galaxy, likely because only ∼10% of TDEs produce relativistic jets, and of those that do, they102

typically have a small beaming angle ∼ 1 deg)26. [TO DO, Jean, Ana are working on rates; add103

implications for high energy particles].104

We now describe a possible explanation for AT2022cmc, aided by the broad-brush picture105

shown in Fig. 4. The event started when a ill-fated star approached the black hole on a nearly106

parabolic trajectory and was tidally crushed and stretched into a long stream of debris gas. About107

half of the mass stays bound to the black hole, undergoes general relativistic apsidal precession as108

the gas falls back towards the pericenter, and then produces strong shocks at the self-crossing point109

27–30. The shocked gas then circularizes to form an accretion disk around the black hole whose110

rapid spin generates a pair of relativistic jets 31. The high X-ray luminosity and hour timescale flux111

variability suggest that the X-rays are generated by internal dissipation within the jet at a distance112

less than 1016 cm (∼ 0.01 pc) from the black hole and that our line of sight is within the one of the113

jets’ relativistic beaming cone, as was also the case for Swift J1644+57.114

The fast-fading red component can be explained as follows. As the jet, which carries 1052–1053 erg115
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of energy, propagates to large distances of r ∼ 0.1 pc, it is significantly decelerated by driving a116

forward shock into the surrounding gas and a reverse shock propagating into the jet material,117

similar to cosmological gamma-ray bursts 32. Electrons are accelerated to relativistic speeds by118

these shocks and then produce synchrotron emission in the radio/millimeter-bands up to optical119

wavelengths. The non-thermal optical emission from the synchrotron afterglow is expected to120

have a variability timescale of r/(2Γ2c) ∼ 0.6 day (r/0.1 pc)(Γ/10)−2, where Γ is the Lorentz121

factor of the emitting gas and c is the speed of light.122

Another source of thermal optical/UV emission is the optically thick outflows from the123

self-crossing shock and the accretion disk 30, 33, 34, which can be responsible for the blue plateau124

observed for weeks after the initial flare. As is known from non-jetted TDEs, this gas component125

produces a blackbody-like spectrum with temperature ≳ 3×104K and luminosity of 1044–1045 erg/s,126

consisting with our optical obervations at peak. This luminosity varies on the gas expansion127

timescale of rph/v ∼ 10 day (rph/10
15 cm)(v/109 cm s−1)−1, where rph is the photospheric radius128

and v is the outflow speed.129

The growth of astronomy facilities and their associated data sets across wavelengths and130

messengers, such as Advanced LIGO35 and Advanced Virgo36 for gravitational waves, IceCube37
131

and ANTARES38 for neutrinos, and ZTF1 and the forthcoming Vera C. Rubin Observatory39 are132

transforming astrophysics with detections of never-before-seen phenomena like AT2022cmc. The133

discovery of energetic phenomena that were the exclusive dominion of gamma–ray and X–ray134

observatories have become accessible to the optical community in particular via systematic, high-cadence,135

wide-field observations. Using AT2022cmc’s light curve and the ZTF survey footprint so far,136

this detection implies an intrinsic rate of ?+?
−? Mpc−3 yr−1, opening the door to many more in137

the Rubin era, when we will use them to understand the dynamics of the jets, why some TDEs138

produce relativistic jets and others do not, and whether jetted TDEs are multi-messenger sources139

of neutrinos and cosmic rays.140
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(a) nIR/optical/UV light curve

(b) Hubble Space Telescope image

(c) Optical transient parameter space

Figure 1: AT2022cmc in the near infrared, optical, and ultraviolet. Apparent and absolute

magnitudes are plotted in (a), showing the fast evolution and the large luminosity of the transient

in the optical. In the bottom panel, β is the spectral index defined as fν ∼ νβ , which means β =

(mi − mg)/2.5/log10(λi/λg) where λi = 7458 Åand λg = 4672 Åare the effective wavelengths;

data points with S/N> 10 are colored in black, the others in grey. AT2022cmc was clearly detected

in HST images (b) in F160W and F606W filters, which also revealed an overdensity of red

galaxies within ∼ 20′′ from the transient location. The luminosity and evolution timescale of

AT2022cmc separates it from most classes of optical transients40 (c).
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Figure 2: Multi-wavelength isotropic equivalent luminosity of AT2022cmc. Left – SED of

AT2022cmc including radio (VLA), millimiter (SMA, ...), optical (LT, ...), UV (Swift/UVOT),

and X–ray (Swift/XRT, NICER [to be updated]) data. A rapid change in the shape of the SED

is especially evident in the optical/UV between ∼ 2.5 d and ∼ 6 d in the rest frame from the first

detection. Right –The isotropic equivalent luminosity of AT2022cmc surpasses all Swift long GRB

afterglows with measured redshifts (in lightgrey), in the 0.3–10 keV energy range, by at least one

order of magnitude. It is also larger than AT2018cow-like transients (in darkgrey) and comparable

only to jetted TDEs such as Swift J1644+5741 and Swift J2058+0525. We caution that the onset

time of AT2022cmc might have happened hours or even days before the first ZTF detection, which

would make the XRT light curve shift rightward in the plot.
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Figure 3: Spectra at rest frame for redshift z=1.193. Optical spectra were acquired from the

night after the identification of AT2022cmc until several weeks afterwards. Absorption lines

in the VLT/X-shooter spectrum (top panels) enabled the redshift to be established. In the first

two weeks since its first detection, the spectra of AT2022cmc appear otherwise featureless. The

absorption line around 3,500Åis telluric (non astrophysical) and the narrow emission lines were

deemed cosmic rays.
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Figure 4: Sketch. Black dotted line: original geodesic of the star (note the GR apsidal precession).

Thick blue line: debris gas of the disrupted star (note the self-intersection). Thick blue torus

(∼1e15cm): optically thick gas reprocessing the disk X-rays into the UV/optical band (as observed

from other non-jetted TDEs). Light blue disk (∼ tidal disruption radius ∼ 1e13cm): accretion disk

near the SMBH. Jets: color fluctuations indicate that the jet power is unsteady (as suggested by

rapid X–ray variability). External shocks (∼0.1 pc): reverse shock dominates the radio/millimeter

emission, and both reverse shock and forward shock contribute to the non-thermal optical/IR. δt

for each component indicates the typical evolution timescale.
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Methods383

1 Section 1 of methods384

2 Data Availability385

The data that support the plots within this paper and other findings of this study are available from386

the corresponding author upon reasonable request.387

3 Code Availability388

Upon request, the corresponding author will provide code (primarily in python) used to produce389

the figures.390
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Supplementary Information391

4 Observational details392

Identification In recent years, transformative network growth of astronomy facilities and their393

associated data sets have required a revolution in the data science principles applied to facilitate394

discovery. For example, LIGO, Virgo, and KAGRA for gravitational waves, IceCube and ANTARES395

for neutrinos, and ZTF and forthcoming Vera C. Rubin Observatory are transforming astrophysics396

with detections of never-before-seen phenomena. However, the relative rarity of these events, i.e.397

the multi-messenger detection of GW170817 remains a once per decade type event, means that398

rapid improvements in capturing and correlating these data sets using data science principles is399

required.400

For optical astronomy in particular, the advent of surveys such as ZTF requires techniques401

developed for, in real time, parsing the ∼ 1 million alerts produced every night. This real time402

aspect is essential, as the rapid evolution of the dynamics of the many systems requires that they403

are discovered and characterized as early as possible, or the opportunity to acquire crucial data is404

lost. It is these multi-wavelength sources for which follow-up is immediately required, and it is405

these sources that we target with real-time algorithms such as ZTFReST.406

Their discovery and characterization requires a handful of key elements: robust selection407

criteria to limit the number of objects to only those that are most interesting, rapid photometric and408

spectroscopic follow-up to uncover their nature, and technical capabilities to perform parameter409

inference and model selection in near real-time to understand their physics. Unlike in other fields410

where instruments are regularly upgraded to be more sensitive, it is these technical improvements411

required to improve upon the base sensitivity of what is possible given the fact that telescope412

apertures do not become larger and the efficiency of their detectors are not often improved.413

AT2022cmc was first discovered by the ZTFReST project2 which uses ZTF alert packets414

combined with forced point-spread-function photometry (ForcePhotZTF, cite Yao2019 here or415

in the addendum) to search for exotic extragalactic transients, including kilonovae from binary416

neutron star mergers.417

Observations and Data Processing418
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4.0.1 Palomar 48-inch Samuel Oschin Telescope419

The ZTF observations ...420

4.0.2 Liverpool Telescope421

...422

4.0.3 Hubble Space Telescope423

...424

4.0.4 Very Large Array425

...426

4.0.5 JCMT SCUBA-2 Sub-millimetre Observations427

Sub-millimetre observations of AT2022cmc were performed simultaneously at 850 µm (350 GHz)428

and 450 µm (670 GHz) on two nights using the Submillimetre Common-User Bolometer Array 2429

(SCUBA-2) continuum camera? on the James Clerk Maxwell Telescope (JCMT) on Mauna Kea,430

Hawaii. The SCUBA-2 data were analyzed in the standard manner using the 2021A version of431

Starlink?; this used Version 1.7.0 of SMURF? and Version 2.6-12 of KAPPA. Observations of432

the SCUBA-2 calibrator Arp 220 on both nights did not show any anomalous behaviours, so the433

current standard flux conversion factors were used for the flux normalization ?. In the SCUBA-2434

Dynamic Interactive Map-Maker, the Blank Field map was used for the AT2022cmc observations.435

The maps were smoothed using a matched filter. The RMS background noise was determined in436

the central 2′ of the map with the source excluded.437

The SCUBA-2 observations of AT2022cmc are summarized in Table ??. These expand on438

the preliminary results given in [?]. There was a marginal detection of AT2022cmc at 850 µm439
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on both of the nights. This becomes more significant when all the data are combined, giving an440

850 µm flux density of 4.9± 1.3 mJy/beam at a mid-point of UT 2022-02-21.510.441

AT2022cmc was not detected at 450 µm in the individual night observations or in the combined442

data; the RMS for the combined data is 10.5 mJy/beam at a mid-point of UT 2022-02-21.510.443

4.0.6 GROWTH-India Telescope444

The 0.7m GROWTH-India Telescope (GIT) located at the Indian Astronomical Observatory (IAO),445

Hanle-Ladakh, started observing ZTF22aaajecp at 19:30:26.78 UT on February 15, 2022. The data446

were acquired in SDSS g′, r′ and i′ bands with multiple 300 sec exposures. Data were downloaded447

in real time to our data processing unit at IIT Bombay. After a preliminary bias correction &448

flat fielding and cosmic-rays removal via Astro-SCRAPPY? package, all images acquired on same449

night were stacked making use of SWARP?. The pipeline performs point spread function (PSF) fit450

photometry to obtain the instrumental magnitudes using standard techniques. These magnitudes451

were calibrated against PanSTARRS DR1 catalogue? by correcting for zero points. Reported452

photometric uncertainties (Table 2) are 1σ values.453

4.0.7 Blanco Telescope454

We conducted photometric observations of AT2022cmc using the Dark Energy Camera (DECam42)455

optical imager mounted at the prime focus of the Blanco telescope at Cerro Tololo Inter-American456

Observatory (program ID 2022A-679480, PI Zhang; program ID 2021B-0325, PI Rest). After457

standard calibration (bias correction, flat-fielding, and WCS) was done by the NSF NOIRLab458

DECam Community Pipeline43, difference image photometry was obtained using the Photpipe459

pipeline44.460

4.0.8 Nordic Optical Telescope461

We obtained a series of gri photometry with the Alhambra Faint Object Spectrograph and Camera462

(ALFOSC)c on the 2.56 m Nordic Optical Telescope (NOT) at the Observatorio del Roque de los463

chttp://www.not.iac.es/instruments/alfosc
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Muchachos on La Palma (Spain)d. The data were reduced with PyNOTe that uses standard routines464

for imaging data. We used aperture photometry to measure the brightness of the transient. Once465

an instrumental magnitude was established, it was calibrated against the brightness of several stars466

from a cross-matched SDSS catalogue.467

4.0.9 Palomar 60-inch telescope468

Photometry was also obtained on the robotic Palomar 60-inch telescope (P60; ?) equipped with the469

Spectral Energy Distribution Machine (SEDM?). Photometry was produced with an image-subtraction470

pipeline?, with template images from the Sloan Digital Sky Survey (SDSS?). This pipeline produces471

PSF magnitudes, calibrated against SDSS stars in the field.472

4.0.10 Palomar 200-inch telescope473

We obtained one epoch of observations from the Wide Infrared Camera on the Palomar 200 in474

telescope. On 2022-03-12 we performed a set of 18 dithered exposures of 45 s each in the J band475

(1.25µm). We use standard optical reduction techniques in Python to reduce and co-add the images,476

using 2MASS point source catalog for photometric calibration. We measure aperture photometry477

using photutils.478

4.0.11 Neutron Star Interior Composition Explorer479

AT2022cmc has been observed by the Neutron Star Interior Composition Explorer (hereafter480

NICER45) under director’s discretionary time (DDT) and ToO programs. The NICER observations481

will be reported in detail by Pasham et al. in prep. Here we only analyzed the first NICER good482

time interval (GTI) obtained on 2022 Feburary 16.483

We processed the NICER data using heasoft v6.29c. We ran nicerl2 to obtain the484

cleaned and screened event files. We removed hot detectors. Background was computed using the485

nibackgen3C50 tool 46 with hbgcut=0.05 and s0cut=2.0. Response files were generated with486

dProgram ID: 64-501
ehttps://github.com/jkrogager/PyNOT
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nicerarf and nicerrmf. The spectrum was rebinned using ftgroupphawith grouptype=optmin487

and groupscale=50. We added systematic errors of 1% using grppha.488

The final spectrum has an effective exposure time of 1560 s, and the source is above background489

at 0.25–8 keV. We fitted the 0.25–8 keV data using tbabs*ztbabs*powerlaw and χ2-statistics.490

The Galactic column density NH was fixed at 8.88 × 1019 cm−2 47. We obtained a good fit with491

a χ2/degrees of freedom (χ2/dof) of 74.91/83. The best-fit power-law index Γ = 1.53 ± 0.03,492

and host galaxy NH = 1.09+0.14
−0.13 × 1021 cm−2. The observed 0.25–8 keV flux is (3.29 ± 0.07) ×493

10−11 erg s−1 cm−2. The inferred absorbed 0.3–10 keV flux is (3.75± 0.09)× 10−11 erg s−1 cm−2.494

Errors are 90% confidence level for one parameter of interest. The data and best-fit model are495

shown in the left panel of Fig.2.496

4.0.12 Neil Gehrels Swift Observatory497

AT2022cmc has been observed by the X-Ray Telescope (XRT48) and the Ultra-Violet/Optical498

Telescope (UVOT49) on board Swift under a series of time-of-opportunity (ToO) requests.499

All XRT observations were obtained in the photon-counting mode. First, we ran ximage to500

determine the position of AT2022cmc in each observation. To calculate the background-subtracted501

count rates, we filtered the cleaned event files using a source region with rsrc = 30′′, and eight502

background regions with rbkg = 25′′ evenly spaced at 80′′ from AT2022cmc. A log of XRT503

observations is given in Table 1.504

For obsIDs where the XRT net counts are greater than 100, we groupped the spectra to have505

at least one count per bin, and modeled the 0.3–10 keV data with tbabs*ztbabs*powerlaw.506

All data were fitted using C-statistics via cstat50. We do not find strong evidence of spectral507

evolution throughout the first seven XRT observations (see Supplementary Information Figure 1).508

Assuming Γ = 1.53 and a host galaxy NH = 1.1× 1021 cm−2, the XRT 0.3–10 keV count rate (in509

count s−1) to flux (in erg cm−2 s−1) conversion factor is 4.19× 10−11.510

The first seven UVOT epochs (obsID 15023001–15023007) were conducted with UBV +All511

UV filters. Subsequent observations were conducted with U+All UV filters. We measured the512

UVOT photometry using the uvotsource tool. We used a circular source region with rsrc = 5′′,513

and corrected for the enclosed energy within the aperture. We measured the background using514
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Supplementary Information Figure 1: Evolution of the power-law photon index Γ in the first

seven XRT observations. All measurements are consistent with the best-fit Γ in the first NICER

observation (§4.0.11), as marked by the horizontal dotted line.

four nearby circular source-free regions with rbkg = 10′′. The UVOT photometry is presented in515

Table 2.516

4.0.13 ATLAS517

We obtained broad-band “orange” and “cyan” light curves from the ATLAS51 survey. This data518

is publicly available f through the ATLAS Transient Science Server52. Detections of AT2022cmc519

were obtained only in the orange filter.520

Very Large Telescope ...521

W. M. Keck Observatory ...522

Gemini Observatory ...523

fhttps://fallingstar-data.com/forcedphot/

25

https://fallingstar-data.com/forcedphot/


5 Host galaxy524

The field AT2022cmc was observed in u and r with the MegaPrime camera at the 3.58m Canada-French-Hawaii525

Telescope between 2015 and 2016. We retrieved the science-ready level-3 data from the Canadian526

Astronomy Data Centreg. We used aperture photometry (aperture radius: 1.5 × FWHM of the527

stellar PSF) to measure the brightness of the host galaxy. Once an instrumental magnitude was528

established, it was calibrated against the brightness of several stars from a cross-matched SDSS529

catalogue. The host evaded detection in both bands. Using forced photometry, we measure < 24.19530

and < 24.54 mag in u and r band (3σ confidence; not corrected for Milky-Way extinction),531

respectively.532

To put a limit on the host galaxy properties, we model the spectral energy distribution with the533

software package Prospectorh version 0.3 53. Prospector uses the Flexible Stellar534

Population Synthesis (FSPS) code 54 to generate the underlying physical model and python-fsps535

55 to interface with FSPS in python. The FSPS code also accounts for the contribution from the536

diffuse gas based on the Cloudy models from ref. 56. Furthermore, we assumed a Chabrier initial537

mass function 57 and approximated the star formation history (SFH) by a linearly increasing SFH538

at early times followed by an exponential decline at late times (functional form t × exp (−t/τ)).539

The model was attenuated with the Calzetti model58. The priors were set identical to reference 59.540

The fit to the data yields a galaxy mass of log M/M⊙ = 8.47+1.18
−0.74, star-formation rate of541

9.0+62.9
−6.1 M⊙ yr−1, and an absolute magnitude of Mr = −20.4+0.6

−1.0 mag (corrected for Milky Way542

extinction but not correct for host attenuation). These values should be considered as upper limits.543

ghttps://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/
hhttps://github.com/bd-j/prospector
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obsID Start Date δt Exp. Net Count Rate Observed Flux Observed Luminosity

(UT) (days) (s) (count s−1) (10−13 erg s−1 cm−2) (1045 erg s−1)

15023001 2022-02-23.11 +5.32 2629 0.1552± 0.0079 65.03± 3.32 52.57± 2.69

15023002 2022-02-24.10 +5.77 3096 0.1327± 0.0078 55.59± 3.27 44.94± 2.64

15023003 2022-02-25.97 +6.62 2737 0.0640± 0.0056 26.80± 2.33 21.67± 1.89

15023004 2022-02-26.04 +6.65 2829 0.0640± 0.0056 26.80± 2.33 21.67± 1.89

15023005 2022-02-27.04 +7.11 2599 0.0791± 0.0057 33.15± 2.41 26.80± 1.95

15023006 2022-02-28.02 +7.56 2694 0.0799± 0.0057 33.46± 2.37 27.05± 1.92

15023007 2022-03-01.02 +8.01 2654 0.0658± 0.0052 27.58± 2.19 22.30± 1.77

15023009 2022-03-07.07 +10.77 2634 0.0304± 0.0036 12.74± 1.51 10.30± 1.22

15023010 2022-03-10.30 +12.25 2829 0.0165± 0.0026 6.89± 1.11 5.57± 0.89

15023011 2022-03-13.43 +13.67 1485 0.0166± 0.0037 6.95± 1.56 5.62± 1.26

Supplementary Information Table 1: XRT observations of AT2022cmc. δt is rest-frame days

since the first ZTF detection epoch. The count rate, flux, and luminosity are given in observer

frame 0.3–10 keV. The uncertainties are represented by the 68% confidence intervals, assuming

Poisson symmetrical errors.

Extended Data544

References545
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Supplementary Information Table 2: Infrared/Optical/Ultraviolet Photometry table

Date UT Phase RF Filter Mag eMag Instrument

2022-01-21 08:57 -9.6093 ZTFr > 19.8 - ZTF

2022-01-21 09:54 -9.5913 ZTFg > 19.7 - ZTF

2022-02-11 10:42 0.0000 ZTFr 20.71 0.17 ZTF

2022-02-11 11:08 0.0081 ZTFg 20.91 0.17 ZTF

2022-02-12 09:58 0.4422 ZTFr 19.08 0.09 ZTF

2022-02-12 09:59 0.4424 ZTFr 19.15 0.11 ZTF

2022-02-12 10:21 0.4493 ZTFi 18.88 0.09 ZTF

2022-02-12 11:27 0.4702 ZTFg 19.33 0.06 ZTF

2022-02-12 11:57 0.4797 ZTFr 19.10 0.04 ZTF

2022-02-12 12:03 0.4817 ZTFg 19.53 0.06 ZTF

2022-02-12 12:34 0.4913 ZTFr 19.08 0.04 ZTF

2022-02-13 09:47 0.8945 ZTFr 19.69 0.10 ZTF

2022-02-13 10:20 0.9048 ZTFg 19.81 0.12 ZTF

2022-02-14 09:36 1.3472 ZTFr 19.87 0.12 ZTF

2022-02-14 09:39 1.3480 ZTFr 19.78 0.11 ZTF

2022-02-14 12:50 1.4085 ZTFg 20.38 0.20 ZTF

2022-02-14 12:52 1.4090 ZTFg 20.06 0.14 ZTF

2022-02-15 00:52 1.6372 r 20.22 0.14 IOO

2022-02-15 00:55 1.6379 i 20.12 0.16 IOO

2022-02-15 00:57 1.6386 z 19.82 0.14 IOO

2022-02-15 02:13 1.6629 r 20.43 0.08 IOO

2022-02-15 02:18 1.6644 i 20.13 0.09 IOO

2022-02-15 02:23 1.6659 z 19.78 0.10 IOO

2022-02-15 05:54 1.7327 g 20.72 0.18 IOO

2022-02-15 06:00 1.7345 r 20.17 0.10 IOO

2022-02-15 06:05 1.7363 i 20.16 0.09 IOO

2022-02-15 06:11 1.7381 z 19.91 0.12 IOO

2022-02-15 07:53 1.7704 ZTFi > 19.4 - ZTF

2022-02-15 08:43 1.7863 g 20.57 0.21 DECam

2022-02-15 08:43 1.7864 ZTFg > 19.4 - ZTF

2022-02-15 08:44 1.7866 r 20.59 0.13 DECam

2022-02-15 08:45 1.7869 i 20.13 0.20 DECam

2022-02-15 09:50 1.8076 ZTFr > 19.7 - ZTF

2022-02-15 20:11 2.0043 r 20.67 0.09 GITCamera

2022-02-15 23:43 2.0714 r 20.68 0.08 GITCamera

2022-02-16 09:01 2.2479 i 21.24 0.28 DECam

2022-02-16 09:02 2.2482 z 21.09 0.22 DECam

2022-02-16 21:03 2.4764 r 20.86 0.07 GITCamera

2022-02-17 08:53 2.7015 r 21.52 0.33 DECam

2022-02-17 08:55 2.7021 z 21.23 0.28 DECam

2022-02-17 21:55 2.9491 r 21.16 0.10 GITCamera

2022-02-18 08:52 3.1571 g 21.30 0.24 DECam

2022-02-18 08:55 3.1580 i 21.21 0.22 DECam

2022-02-18 08:58 3.1589 z 21.29 0.23 DECam

2022-02-19 09:03 3.6165 i 21.28 0.19 DECam

2022-02-19 09:06 3.6175 z 21.35 0.21 DECam

2022-02-20 09:03 4.0726 i 21.63 0.23 DECam

2022-02-20 09:07 4.0737 z 21.26 0.26 DECam

2022-02-21 08:51 4.5249 i 21.65 0.25 DECam

2022-02-21 08:55 4.5259 z 21.81 0.36 DECam

2022-02-22 08:51 4.9808 i 21.63 0.27 DECam

2022-02-22 08:51 4.9808 i 21.63 0.27 DECam

2022-02-23 03:25 5.3337 UVW1 21.54 0.33 UVOT

2022-02-23 03:28 5.3345 U > 20.7 - UVOT

2022-02-23 03:29 5.3349 B > 19.9 - UVOT

2022-02-23 03:32 5.3359 UVW2 22.28 0.34 UVOT

2022-02-23 03:37 5.3372 V > 19.0 - UVOT

2022-02-23 03:41 5.3385 UVM2 21.42 0.19 UVOT

2022-02-23 03:49 5.3411 r 21.49 0.04 IOO

2022-02-23 04:01 5.3448 i 21.62 0.05 IOO

2022-02-23 20:21 5.6553 r 21.46 0.14 GITCamera

2022-02-23 22:31 5.6964 g 21.47 0.11 GITCamera

2022-02-24 08:06 5.8784 UVW1 > 21.5 - UVOT

2022-02-24 08:08 5.8793 U > 20.6 - UVOT

2022-02-24 08:10 5.8796 B > 19.8 - UVOT

2022-02-24 08:13 5.8806 UVW2 22.17 0.32 UVOT

2022-02-24 08:17 5.8818 V > 19.0 - UVOT

2022-02-24 08:20 5.8828 UVM2 21.28 0.20 UVOT

2022-02-25 21:25 6.5874 r 21.71 0.12 GITCamera

2022-02-26 01:42 6.6689 UVW1 21.39 0.29 UVOT

2022-02-26 01:44 6.6696 U 20.58 0.32 UVOT

2022-02-26 01:46 6.6701 B > 20.0 - UVOT

2022-02-26 01:50 6.6714 UVW2 22.38 0.34 UVOT

2022-02-26 01:53 6.6725 V > 19.1 - UVOT

2022-02-26 02:00 6.6745 UVM2 21.55 0.20 UVOT

2022-02-26 08:00 6.7887 r 21.38 0.09 SEDM

2022-02-26 08:11 6.7921 g 21.70 0.11 SEDM

2022-02-26 08:22 6.7955 i 21.60 0.18 SEDM

2022-02-26 08:50 6.8045 UVW1 21.12 0.25 UVOT

2022-02-26 08:52 6.8050 U > 20.7 - UVOT

2022-02-26 08:53 6.8052 B > 19.9 - UVOT

2022-02-26 08:54 6.8057 UVW2 22.19 0.30 UVOT

2022-02-26 08:57 6.8066 V > 19.0 - UVOT

2022-02-26 08:59 6.8072 UVM2 21.65 0.23 UVOT

2022-02-27 01:37 7.1233 UVW1 21.20 0.25 UVOT

2022-02-27 01:39 7.1240 U > 20.7 - UVOT

2022-02-27 01:40 7.1244 B > 19.9 - UVOT

2022-02-27 01:45 7.1257 UVW2 22.17 0.30 UVOT

2022-02-27 01:48 7.1267 V > 19.0 - UVOT

2022-02-27 01:54 7.1286 UVM2 21.69 0.25 UVOT

2022-02-27 06:21 7.2132 r 21.36 0.16 SEDM

2022-02-27 06:27 7.2151 g > 21.4 - SEDM

2022-02-27 06:33 7.2169 i > 21.2 - SEDM

2022-02-27 19:59 7.4724 r 21.63 0.09 GITCamera

2022-02-27 22:04 7.5120 g 21.59 0.09 GITCamera

2022-02-28 02:07 7.5888 g 21.54 0.06 ALFOSC

2022-02-28 02:19 7.5925 r 21.61 0.04 ALFOSC

2022-02-28 02:34 7.5972 i 21.78 0.06 ALFOSC

2022-02-28 06:02 7.6632 g > 19.8 - SEDM

2022-02-28 06:13 7.6666 i > 19.8 - SEDM

2022-02-28 07:02 7.6822 UVW1 20.80 0.19 UVOT

2022-02-28 07:05 7.6830 U > 20.7 - UVOT

2022-02-28 07:06 7.6834 B > 19.9 - UVOT

2022-02-28 07:09 7.6844 UVW2 21.93 0.26 UVOT

2022-02-28 07:13 7.6858 V > 19.0 - UVOT

2022-02-28 07:17 7.6871 UVM2 21.49 0.21 UVOT

2022-03-01 07:44 8.1514 UVW1 21.51 0.31 UVOT

2022-03-01 07:46 8.1523 U > 20.7 - UVOT

2022-03-01 07:48 8.1527 B > 19.9 - UVOT

2022-03-01 07:51 8.1537 UVW2 > 22.4 - UVOT

2022-03-01 07:55 8.1550 V > 19.0 - UVOT

2022-03-01 07:59 8.1563 UVM2 21.42 0.20 UVOT

2022-03-02 03:01 8.5180 g 21.64 0.14 IOO

2022-03-02 03:05 8.5193 r 21.73 0.14 IOO

2022-03-02 03:10 8.5206 i 21.84 0.18 IOO

2022-03-02 03:14 8.5220 z > 21.6 - IOO

2022-03-04 06:10 9.4896 g 21.59 0.03 ALFOSC

2022-03-04 06:21 9.4933 r 21.73 0.04 ALFOSC

2022-03-04 06:33 9.4970 i 21.87 0.07 ALFOSC

2022-03-05 06:16 9.9477 UVM2 > 21.2 - UVOT

2022-03-05 06:19 9.9487 UVW1 > 20.9 - UVOT

2022-03-05 06:21 9.9493 U > 20.2 - UVOT

2022-03-05 06:24 9.9501 UVW2 > 21.4 - UVOT

2022-03-06 02:07 10.3247 g 21.99 0.15 IOO

2022-03-06 02:11 10.3260 r 21.88 0.14 IOO

2022-03-06 02:15 10.3274 i 21.63 0.18 IOO

2022-03-06 02:19 10.3287 z 21.19 0.25 IOO

2022-03-07 02:19 10.7847 g 21.81 0.15 IOO

2022-03-07 02:26 10.7866 r 21.70 0.10 IOO

2022-03-07 02:32 10.7886 i 21.58 0.13 IOO

2022-03-07 11:03 10.9504 UVM2 21.54 0.23 UVOT

2022-03-07 11:06 10.9514 UVW1 > 21.8 - UVOT

2022-03-07 11:07 10.9519 U > 21.1 - UVOT

2022-03-07 11:10 10.9528 UVW2 > 22.5 - UVOT

2022-03-08 05:08 11.2940 r > 20.4 - SEDM

2022-03-08 05:18 11.2974 g > 20.8 - SEDM

2022-03-08 05:29 11.3008 i > 20.5 - SEDM

2022-03-08 20:04 11.5777 r 21.74 0.10 GITCamera

2022-03-09 02:07 11.6929 g 21.68 0.08 ALFOSC

2022-03-09 02:19 11.6966 r 21.76 0.05 ALFOSC

2022-03-09 02:31 11.7002 i 21.92 0.08 ALFOSC

2022-03-09 20:13 12.0365 g 22.03 0.15 GITCamera

2022-03-10 14:38 12.3865 UVM2 21.99 0.30 UVOT

2022-03-10 14:41 12.3874 UVW1 > 21.9 - UVOT

2022-03-10 14:42 12.3879 U > 21.1 - UVOT

2022-03-10 14:44 12.3886 UVW2 22.08 0.26 UVOT
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