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A B S T R A C T 

We present optical/UV photometric and spectroscopic observations, as well as X-ray and radio follow-up, of the extraor- 
dinary event AT2019cmw. With a peak bolometric luminosity of ∼ 10 

45 . 6 erg s −1 , it is one of the most luminous thermal 
transients ev er discov ered. Ext ensiv e spectroscopic follow-up post-peak show ed only a featureless continuum throughout 
its evolution. This, combined with its nuclear location, blue colour at peak and lack of prior evidence of an AGN in its host 
lead us t o int erpret this event as a ‘featureless’ tidal disruption event (TDE). It displays phot ometric ev olution atypical of 
most TDEs, cooling from ∼ 30 to ∼ 10 kK in the first ∼ 300 d post-peak, with potential implications for future photometric 
selection of candidate TDEs. No X-ray or radio emission is det ect ed, placing constraints on the presence of on-axis jetted 

emission or a visible inner-accretion disc. Modelling the optical light curve with existing theoretical prescriptions, we find 

that AT2019cmw may be the result of the disruption of a star in the tens of solar masses by a supermassive black hole 
(SMBH). Combined with a lack of detectable star formation in its host galaxy, it could imply the existence of a localized 

region of star formation around the SMBH. This could provide a new window to probe nuclear star formation and the 
shape of the initial mass function (IMF) in close pr o ximity to SMBHs out to relatively high redshifts. 
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 INTRODUCTION  

n recent years, wide-area sky surveys have enabled the discovery 
f thousands of astr onomical transients. Curr ent on sky facilities
nclude the Zwicky Transient Facility (ZTF; E. Bellm & S. Kulka- 
ni 2017 ; E. C. Bellm et al. 2019 ; M. J. Graham et al. 2019 ; F. J.

asci et al. 2019 ; R. Dekany et al. 2020 ), the Gr avitational- w ave
ptical Transient Observer (GO T O; D. Steeghs et al. 2022 ), the
ster oid Terr estrial Last Alert System (ATLAS; J. L. Tonry et al.
018 ; K. W. Smith et al. 2020 ), the All-Sky Aut omat ed Surv ey for
upernovae (ASAS–SN; B. J. Shappee et al. 2014 ; C. S. Kochanek
t al. 2017 ; K. Hart et al. 2023 ), the Catalina Sky Survey (CSS;
. Larson et al. 1998 , 2003 and associated Catalina Real-time
 ransient Survey (CR TS; A. J. Drake et al. 2009 ; S. G. Djorgovski
t al. 2011 ; A. A. Mahabal et al. 2011 ), and Pan-STARRS1 (PS1;
. C. Chambers et al. 2016 ; H. A. Flewelling et al. 2020 ). ZTF

mages the entire northern sky in both g and r filters on a ∼ 48
 cadence down to an apparent magnitude of ∼ 20 . 5 (E. Bellm &
 E-mail: J.L.Wise@2022.ljmu.ac.uk 
(
t  

The Author(s) 2026. 
ublished by Oxford University Press on behalf of R oy al Astronomical Society.
reative Commons A t tribution License ( https://creativecommons.org/licenses
 epr oduction in any medium, provided the original work is properly cited. 
. Kulkarni 2017 ; E. C. Bellm et al. 2019 ), and includes a dedicated
acility for spectroscopic follow-up (N. Blagorodnova et al. 2018 ; 

. Rigault et al. 2019 ). This enables complete population-level 
tudies of astrophysical transients, such as the Bright Transient 
urvey (BTS) – a large, purely magnitude-limited classification 

urvey that has so far accumulated over 10 000 classified events.
C. Fremling et al. 2020 ; D. A. Perley et al. 2020 ; N. Rehemtulla
t al. 2024 ). 

In addition to classifying large numbers of supernovae (SNe) 
elonging to well-established types, ZTF has also discovered and 

haracterized significant numbers of much rarer transients that 
ay r equir e energy sour ces or e xplosion mechanisms distinct

rom normal thermonuclear and core-collapse SNe. Examples in- 
lude hydrogen-poor Type I Superluminous Supernovae (SLSNe; 
. Inserra et al. 2018 ; A. Gal-Yam 2019 ) and Luminous Fast Blue
ptical Transients (LFBOTs; M. R. Drout et al. 2014 ; R. Margutti

t al. 2019 ; D. A. Perley et al. 2019 ; B. D. Metzger 2022a ; A. Y. Q.
o et al. 2023 ; A. A. Chrimes et al. 2024 ). 
Similarly, an increasing number of tidal disruption events 

TDEs), the flares produced when a star passes sufficiently close 
o a black hole to be torn apart and subsequently accreted (M.
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. Rees 1988 ; E. S. Phinney 1989 ), have been categorized. Obser-
ationally, TDEs have been discovered at a variety of electromag-
etic wavelengths, including in the infrared (T. M. Reynolds et al.
022 ; M. Masterson et al. 2024 ), UV/optical (S. Velzen et al. 2019 ,
021 ; E. Hammerstein et al. 2023 ; Y. Yao et al. 2023 ), soft X-ray
S. Sazonov et al. 2021 ; I. Grotova et al. 2025 ; B. O’Connor et al.
025 ), and hard X-ray (J. S. Bloom et al. 2011 ; Y. Yao et al. 2024 ; A.
. Q. Ho et al. 2025 ). Candidate TDE neutrino associations have
lso been proposed (R. Stein et al. 2021 ; S. Reusch et al. 2022 ; N.
iang et al. 2023 ; S. Velzen et al. 2024 ; C. Yuan, W. Winter & C.
unardini 2024 ), suggesting the possibility for future multimes-
enger selection of TDEs. Additionally, other recently discovered
lasses of nuclear transients in galaxies have been proposed to
e potentially caused by TDEs, such as ‘ambiguous nuclear tran-
ients’ (ANTs; B . Trakhtenbr ot et al. 2019 ; S. R. Oates et al. 2024 ;
. Wiseman et al. 2025 ) and ‘e xtr eme nuclear transients’ (ENTs;
. T. Hinkle et al. 2025 ), which appear spectrally similar to active
alactic nuclei (AGNs). 

Observationally, optically selected TDEs typically display a
lackbody continuum with a characteristic temperature be-
ween 10 4 - 10 5 K , whilst also showing little temperature evolution
ost-peak. A dditionally, the photospher es of these TDEs appear
o decrease in radius over their evolution (S. Velzen et al. 2021 ;
. Hammerstein et al. 2023 ). Post-peak, their luminosities ap-
r o ximately follow a t −5 / 3 power -la w decay, consistent with the
redict ed rat e of mass fallback from a tidally disrupt ed star (M. J.
ees 1988 ; E. S. Phinney 1989 ; S. Gezari 2021 ). 
Whilst some of the optically selected TDEs in the samples from

. Velzen et al. ( 2021 ), E. Hammerstein et al. ( 2023 ), and Y. Yao et
l. ( 2023 ) are X-ray bright in addition to displaying UV/optical
mission, some do not produce detectable X-ray emission and
et are still optically bright. The exact physical source of this
V/optical emission in the absence of det ect ed X-ray emission

s a topic of debate, with several hypotheses proposed to explain
hese observations. These include energy liberated from colli-
ions of in-falling stellar debris rather than accretion (S. S. Kim,

.-G. Park & H. M. Lee 1999 ), and r epr ocessing of X-ray emis-
ion fr om accr etion by an e xtended optically thick outflow (E. J.
arkinson et al. 2022 ). 
Sample studies of TDEs have recently begun to reveal sub-

opulations of TDEs with peculiar characteristics. For example,
. Hammerstein et al. ( 2023 ) found 4 events in their sample of 30
hich are 2 to 4 times more luminous than any TDEs of other

pectral classes in their sample, with L peak ≥ 10 45 erg s -1 . They
lso appear to display no broad UV/optical emission features, in
ontrast to most other TDEs previously seen. E. Hammerstein
t al. ( 2023 ) proposed that they are part of a new distinct rare
ubclass of e xtr eme ‘featur eless’ TDEs. The majority of TDEs
ppear to show little temperature evolution post-peak (S. Velzen
t al. 2021 ). How ev er, a small number of ev ents are charact erized
y significant post-peak reddening (Y. Yao et al. 2023 ), with a
otable example being the candidate featureless TDE ‘Dougie’
J. Vinkó et al. 2014 ). In the case of both featureless TDEs and
hose that display post-peak cooling, the physical mechanism
hat separates them fr om ‘r egular’ TDEs is currently unknown.
nderstanding these mechanisms and how these TDEs ev olv e
ould be beneficial for sample studies of both SLSNe and TDEs,

s some SLSNe can also appear spectroscopically featureless at
arly times, and all appear to cool post-peak. 

Studies of TDEs at top of the observed luminosity distribution
ave also begun to find an increasing number of disrupted stars
ith potentially high masses. In terms of the masses of disrupted
NRAS 546, 1–28 (2026) 
tars in TDEs, most events from sample studies such as E. Ham-
erstein et al. ( 2023 ) are estimated to have masses on the order

f ∼ 1 M � or less. As stated by B. Mockler, J. Guillochon & E.
amirez-Ruiz ( 2019 ), this is expected due to the stellar Initial
ass Function (IMF) being bottom heavy. However, as the num-

er of TDEs discovered by ongoing sky surveys has grown a small
umber of events have been discovered that have been hypoth-
sized to be from the disruption of high mass stars ( � 10 M �),
uch as AT2021lwx (B. M. Subr ay an et al. 2023 ; J. T. Hinkle et al.
025 ) and AT2023vto (H. Kumar et al. 2024 ). Whilst these types
f events are intrinsically rare, their higher luminosity than TDEs
f lower mass stars mean that they are observable out to higher
edshifts. 

In this paper, we pr esent a compr ehensive analysis of 
T2019cmw, first categorized by Y. Yao et al. ( 2023 ) as a member
f the ‘TDE-featureless’ class (E. Hammerstein et al. 2023 ). It was
oted as a prominent outlier in the BTS by D. A. Perley et al.
 2020 ). At a redshift of z = 0 . 519 , it was the most luminous event
een in the survey by a significant margin. Due to its e xtr eme
uminosity and peculiar spectr al appear ance, it had no analogous
vents in the BTS, although it is somewhat observationally similar
o ASASSN-15lh (S. Dong et al. 2016 ; G. Leloudas et al. 2016 ; A.

ummery & S. A. Balbus 2020 ) and Dougie (J. Vinkó et al. 2014 ).
Our ext ensiv e follow-up campaign is detailed in Section 2 , with

lackbody characteristics derived from multiwavelength pho-
ometry summarized in Section 3.2 . We go on to discuss a vari-
ty of possible physical interpretations in Section 4 . In order to
onstr ain other char act eristics of the syst em such as the mass of 
he disrupt ed star, w e also model the transient using the ‘cooling
nvelope’ TDE model fit using the Bayesian inference transient
odelling software Redback , detailed in Sections 5.1 and 5.3 .
e also consider an alt ernat e ‘r epr ocessing -outflow’ model in

ection 6 . Discussion of our findings is detailed in Section 7 . Our
onclusions are summarized in Section 8 . 

We assume a Flat Lambda-CDM cosmology with �m 

= 0 . 3111 ,
� = 0 . 6889 and h = 0 . 6766 (N. Aghanim et al. 2020 ). Optical

nd UV magnitudes are in the AB system, and uncertainties are
uoted at the 1 σ level unless otherwise specified. 

 O B S E RVAT I O N S  

T2019cmw was first reported to the Transient Name Server
TNS) on MJD 58567.51 by the ZTF collaboration at an r-band

agnitude of 19.33 (J. N or din et al. 2019 ). The transient rose to
eak appr o ximat ely 20 t o 30 d aft er the initial alert from ZTF.
nitially flagged as an SLSN candidate due to its blue colour,
low evolution and faint host, a multi-observatory photometric
nd spectroscopic follow-up campaign was undertaken over the
ollowing months. Interest in AT2019cmw was further spurred
hen spectroscopic observations, as detailed in Section 2.5 , re-

ealed it to have a notably high redshift and thus luminosity. 

.1 ZTF and ATLAS forced photometry 

orced photometry was carried out using the ZTF forced-
hotometry service (F. J. Masci et al. 2019 ) via the ZTF fritz
arshal, an instance of skyportal (S. Walt, A. Crellin-Quick &

. Bloom 2019 ; M. W. Coughlin et al. 2023 ), from MJD 58198.42
nwards. Data points with a SNR < 3 were discarded, as well as
1 e xposur es fr om field number 1801 due to the r efer ence image
or this field being contaminated with flux from the transient. The
arliest 3 σ forced photometry detection was at MJD 58558.47 in
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Figure 1. Left: PS1 gri composite image of AT2019cmw’s host. Right: 
LT IO:O gri composite image taken ∼ 4 . 8 d post-peak in AT2019cmw’s 
rest-frame. 
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-band, 9.03 d earlier than the first ZTF alert was reported to TNS,
nd the last detection was at MJD 59056.34 in rband. Outside of 
hese dates, we find upper limits of � 21 mag throughout. 

Forced photometry was also carried out using the ATLAS 
orced phot ometry w eb service (J. L. Tonry et al. 2018 ; K. W. Smith
t al. 2020 ; L. Shingles et al. 2021 ) from MJD 57233.35 onwards.
he transient’s first 3 σ detection was at MJD 58594.61 and the

ast detection was at MJD 58788.26 in o -band, with upper-limits
f � 20 outside of these dates. All datapoints that passed the
NR cut were used, except for one ATLAS o-band data point at
JD 58810.19. This detection was ∼ 2 mag brighter than previous 

TLAS forced phot ometry det ections, as w ell as ZTF r-band and
T r band detections at similar epochs, and so was considered
n outlier and discar ded. Refer ence images used in the image
ubtraction were updated on MJD 58 417 and MJD 58882, before 
he first significant detection for the former and after the last sig-
ificant detection for the latter, and so flux contamination from 

he transient was not an issue. 

.2 Liv erpool t elescope 

T2019cmw was observed with the Liverpool Telescope (LT) 
O:O imager in the Sloan Digital Sky Survey (SDSS) filters griz 
tarting at MJD 58594.14, shortly after the light-curve’s peak in 

TF, with u -band observations included from MJD 58603.10. u -
and observations continued until MJD 58779.86, and z-band 

ontinued until MJD 58779.87, after which the tr ansient w as 
oo faint in these bands. gri observations continued until MJD 

9041.99. All images were reduced using the LT automatic data 
eduction pipeline. 

ugriz images taken on the same night were stacked using 
warp (E. Bertin et al. 2002 ). Image subtraction and point source
unction (PSF) photometry was then performed on griz images 
sing subphot_pipe 

1 . Their pipeline uses Point Spread Function 

xtractor ( PSFEx ; E. Bertin 2013 ) to cross-convolve the PSF from
he science image and a PS1 r efer ence image, with the conv olv ed
SF then fit to the science and r efer ence images to measure each
espective image. This PSF-fitting method is based on the method 

rom A. Gal-Yam et al. ( 2008 ) and C. Fremling et al. ( 2016 ). Image
ubtr action w as then performed using the r efer ence images fr om
he PS1 survey. The magnitudes of comparison stars in the image 
sed t o calculat e the zeropoint, as well as the magnitude of the

ransient, were found by measuring fluxes using the extracted 

SFs applied to subtracted images. 
u -band photometry was extracted using relative aperture pho- 

ometry of the transient and for egr ound comparison stars in the
mages, using the python implementation of source extrac- 
or (E. Bertin & S. Arnouts 1996 ) sep (K. Barbary 2016 ). As
he host is red in PS1 with a g-band magnitude of > 22 (see
ig. 1 and Section 3.4 ), we assume that any host contamination
ithin the aperture in u -band is negligible compared with the

ransient flux, and can be ignored. As a result, we do not perform
mage subtraction for our u -band images. The zeropoint of a 
hosen r efer ence e xposur e of the tr ansient’s field w as found using
 xposur es of the LT photometric standard SA114-654 taken on
he same photometric night of 2019-09-01. Two observations of 
he standard at varying airmasses during the night were used 

o find the u -band atmospheric extinction coefficient, and the 
bov e-atmosphere filt er zeropoint for the night. This zeropoint 
 ht tps://github.com/kry anhinds/subphot _ pipe 

t  

a  

0

as used to calculate the above-atmosphere magnitudes of fore- 
round stars in the field, which were then used to find the ze-
opoints of all epochs. After conducting a median back gr ound
ubtraction, photometry of AT2019cmw was performed using a 
.75 arcmin radius aperture. 

We also present supplementary LT griz photometry for the 
eatureless TDE AT2018jbv from E. Hammerstein et al. ( 2023 ),
hich will be discussed in Sections 5 and 7.3 , taken between MJD

8547.047 and MJD 59024.934. This photometry was reduced us- 
ng the same method of image subtraction and PSF photometry 
s detailed above for AT2019cmw’s griz photometry. We list LT 

hotometry for AT2018jbv in Table A2 . 

.3 Swift 

en epochs of observations were taken using the Neil Gehrels 
wift Observatory (N. Gehrels et al. 2004 ), Ultraviolet Optical 
elescope (UVOT; P. W. A. Roming et al. 2005 ) and X-Ray Tele-
cope (XRT; D. N. Burrows et al. 2005 ) from MJD 58608.48 to MJD
8673.28. 

We used the uvotsource package as part of the heasoft 

oftware bundle to reduce UV O T images, which utilises ftools
J. K. Blackburn et al. 1999 ) to extract magnitudes. A 5 arcmin
 adius aperture w as chosen to maximise the flux from the tran-
ient in order to achieve an optimal SNR. Six circular regions
urrounding the target that contained few or no visible sources 
ith radii ranging from 8 to 32 arcmin were chosen to compute

he back gr ound. As was the case for LT IO:O u -band photom-
try as described in Section 2.2 , host contamination within the
perture can be considered to be negligible, and so no image
ubtr action w as performed. Photometry fr om the UVO T U , B ,
nd V bands was e x cluded due to poor SNR. Our first and last
ignificant det ections w ere at MJD 58608.54 and MJD 58642.20,
espectively, both in U V W 1 . 

ZTF, ATLAS, LT and Swift light curv es are shown in Fig. 2 . 
XRT observations were taken simultaneously with UVOT ob- 

ervations for a total of 14 . 94 ks . A stack of all 10 epochs yielded a
on-detection with a 3 σ count-rate upper limit of < 5 . 355 × 10 −4 

t s -1 at the transient’s position. Assuming a spectral shape of a
ower law with a photon index of 2, and with a Galactic neutral
ydrogen column density of 4 . 33 × 10 20 cm 

-2 (HI4PI Collabora-
ion 2016 ) whilst ignoring any absorption, this corresponds to an
bsorbed flux upper limit of < 1 . 883 × 10 −14 erg s -1 cm 

-2 between
.3–10 keV. 
MNRAS 546, 1–28 (2026) 
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M

Figure 2. A combined plot of ugriz photometry from LT IO:O, ZTF 

gri forced phot ometry, ATLAS c o forced phot ometry, and uvw 1 , uvm 2 , 
and uvw 2 UVOT photometry from Swift . An offset has been applied to all 
photometric bands e x cept r in or der to show each band separately. ZTF 

and LT gri photometry, as well as ATLAS co photometry has been overlaid. 
ZTF forced photometry 3 σ upper limits have also been plotted up to 50 d 
before and after the first and last significant forced photometry detections 
respectively. 
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Figur e 3. Veg a-magnitude plot of NEOWISE W1 (blue) and W2 (orange) 
photometry at the location of AT2019cmw from MJD 56948.07 to MJD 

59850.88, with AT2019cmw’s earliest ZTF forced photometry detection 
at MJD 58558.47 marked by the black vertical dashed line. Datapoints 
show NEOWISE photometry values found using the method outlined in 
Section 2.4 , with error bars corresponding to 1 σ errors. Solid horizontal 
lines and shaded regions show ALLWISE W1 and W2 photometry values 
in the same colours. 
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.4 NEOWISE 

hotometry was obtained using the NAS A IRS A online catalogue
r om the N ear-Earth Object Wide-field Infrar ed Survey Explor er
NEOWISE) R eactiv ation Mission (A. Mainzer et al. 2014 ), an
nfrared sky survey mission using the 3 . 4 μm (W1) and 4 . 6 μm
W2) filters from the Wide-Field Infrared Explorer ( WISE ; E. L.

right et al. 2010 ). Using IRSA, a search was performed at the
arget’s location within a cir cular r egion with 2.5 arcmin radius,
ith the resulting photometry then binned over intervals of 100 d.
or the filter W1 only detections with a SNR > 2 were used, and

or W2 all detections were used as detections in this filter were
or e marginal. An err or w eight ed av er age of these fluxes w as

hen used to calculate the magnitudes for each 100-d bin. 
Fig. 3 shows the NEOWISE photometry found using this
ethod from MJD 56948.07 to MJD 59850.88 for AT2019cmw’s

ost. To search for any IR variability from AT2019cmw’s host
uring this time period that may be caused by the transient or
 pr e-e xisting AGN, we compar e flux fr om individual epochs of 
EOWISE phot ometry t o the w eight ed av erages of all epochs for
oth filters. Most epochs show no significant deviation from the
NRAS 546, 1–28 (2026) 
 eight ed mean in each filter. The most significant deviation that
e see is at MJD 56948.03, it is brighter than the w eight ed mean

n W1 with a deviation of ∼ 2 . 6 σ , whereas in W2 it is fainter with
 deviation of ∼ 0 . 8 σ . As a ∼ 2 . 6 σ is expected ∼ 1 per cent of 
he time for any particular measur ement, ther e is a ∼ 34 per cent
hance of this occurring for a photometric data point over our
bservations. Also, this deviation did not occur in both filters
imultaneously. We ther efor e do not consider the location of 
T2019cmw to to have significantly variable IR flux during the

ime period in which it was observed. 
By subtracting the average baseline flux pre-transient from the

right est det ections at the location of AT2019cm w post -transient
nset, at MJD 59121.73 for W1 and MJD 59686.59 for W2, we find
pper-limits of W1 > 16.74 and W2 > 16.27. 
We also plot ALLWISE photometry from MJD 55302.78 to
JD 55487.19 for comparison, which has magnitudes of W 1 =

6 . 64 ± 0 . 05 and W 2 = 16 . 88 ± 0 . 17 (Vega). The host was not
ignificantly det ect ed in W 3 or W 4 . As can also be seen in Fig.
 , AT2019cmw’s NEOWISE photometry in W1 is consistently
ignificantly brighter than in ALLWISE at all observed epochs.
ow ev er, w e do not consider this discrepancy to be physical, as

or faint objects such as AT2019cmw’s host NEOWISE is known
 o ov erestimat e flux in the W1 band compared to ALLWISE by up
o half a magnitude 2 . 

.5 Spectroscopy 

pectra were taken using the SED Machine (SEDM; N. Blagorod-
ova et al. 2018 ; M. Rigault et al. 2019 ) on the Palomar 60-inch

elescope, the Double Spectrograph (DBSP; J. B. Oke & J. E. Gunn
982 ) on the Palomar 200-inch telescope, the DeVeny Optical
pectrograph (T. A. Bida et al. 2014 ) on the 4.3 meter Lowell
iscovery Telescope (LDT), and the Low Resolution Imaging
pectrometer (LRIS; J. B. Oke et al. 1995 ) on the 10 meter Keck
 t elescope. These spectra w er e r educed using the same methods
etailed in appendix B of Y. Yao et al. ( 2022 ). Instrumental set-ups
or each observation are detailed in Table 1 . 

As seen in Fig. 4 , AT2019cmw remains spectroscopically fea-
ureless for its entire observed evolution in the optical, and dis-
lays none of the prominent broad emission features seen in most

https://wise2.ipac.caltech.edu/docs/release/neowise/expsup/sec2_1c.html
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Table 1. Spectroscopic set-ups for observations shown in Fig. 4 . 

MJD Phase Telescope/Instrument Grating Slit width Exposure 
d, rest ‘ s 

58591.38 + 22 P60/SEDM IFU N/A 2250 
58597.49 + 26 P200/DBSP 600/4000 1.5 600 
58605.45 + 31 LDT/DeVeny 300/4000 1.5 1200 
58632.44 + 49 LDT/DeVeny 300/4000 1.5 1600 
58668.54 + 72 Keck/LRIS 400/3400,400/8500 1 900 800 
58696.28 + 91 P200/DBSP 600/4000 1.5 900 
58783.31 + 148 Keck/LRIS 400/3400,400/8500 1 600 540 
58930.61 + 245 Keck/LRIS 400/3400,400/8500 1 900 900 
59372.59 + 536 Keck/LRIS 400/3400,400/8500 1 1200,1130 

T  

e
S  

F  

a
 

i  

o
c  

l  

a  

f  

A

2

T
V  

e  

p  

o  

Z
t  

c
u  

d
A

3

I  

p

3

I  

t
L
l
s  

u  

c  

w
i
A
t

3

W
S
r  

u  

U  

f  

c  

S  

E  

S  

C  

t

A
c  

c
b
l

i
r  

t
r  

p  

fi  

t
u

s
o
p
b  

b
A  

b  

1  

t
2  

H  

l  

s  

s  

t
t  

c  

p  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/546/3/stag130/8431341 by guest on 26 February 2026
DEs. For instance, the hydr ogen, helium, o xy gen and nitr ogen
mission features used to define the classification scheme from 

. Velzen et al. ( 2021 ) are absent. Less common features such as
e II, as seen in the case of AT2018fyk (T. Wevers et al. 2019 ), are
lso not present. At late times, spectra appear host-dominated. 

As is also shown in Fig. 4 , Mg II absorption from the int erv en-
ng int erst ellar/int ergalactic medium can be seen in the majority
f our spectra. We also see the K , H , and G F r aunhofer lines of 
alcium in many of our spectra at the same redshift. Using these
ines, we measure a redshift for AT2019cmw of z = 0 . 519 . After
pplying a 2 . 5 log 10 (1 + z) K-correction, this implies a peak rest-
rame u -band magnitude of M = −23.6, as was also found by D.
. Perley et al. ( 2020 ). 

.6 VLA 

he transient’s location was observed with the Karl G. Jansky 
ery Large Array (VLA; A. R. Thompson et al. 1980 ; R. A. Perley
t al. 2011 ) radio telescope as part of a late-time TDE follow-up
rogramme (ID: 23A–280; Y. Yao et al. 2025 ). The observation
f AT2019cmw started at MJD 60033.34, 1474.86 d after the first
TF forced photometry detection. The total on-source integra- 

ion time was 5 . 026 h in the VLA C-band (4–8 GHz), with array
onfiguration B used. AT2019cmw was undet ect ed down to a 3 σ
pper limit of 4 . 5 μJy . The data was analysed following the stan-
ard radio continuum image analysis procedures in the Common 

str onomy Softwar e Applications ( CASA ; T. C. Team 2022 ). 

 C H A R ACT E R I ST I C S  

n this section, we use the data described in Section 2 to infer
hysical properties of AT2019cmw. 

.1 Rise time to peak 

n order to constrain the date of peak brightness, we fit curves to
he first 100 d of g-band forced photometry using bootstrapped 

ocally Weighted Scatterplot Smoothing (LOWESS; W. S. Cleve- 
and 1979 , 1981 ), incorporating the interp1d function from 

cipy (P. Virtanen et al. 2020 ). The local r egr ession was repeated
sing a range of fractions of the data from 0.07 to 0.17 in in-
rements of 0.01, with each fit repeated 1000 times. From this,
 e estimat e that the transient peak occurred on MJD 58590 . 9 +2.3 

-2.7 
n observer-frame g-band, which we use in the analysis hereon. 
T2019cmw thus has a rise time from first significant detection 

+1.51 
o peak brightness of 21 . 35 
-1.78 

d in its rest frame. 
.2 Pseudo-blackbody fits 

e fit blackbody SEDs to AT2019cmw’s ZTF, ATLAS, LT, and 

wift photometry. Optical photometry of AT2019cmw was cor- 
ected for Galactic foreground extinction using A λ/E(B − V ) val-
es derived by E. F. Schlafly & D. P. Finkbeiner ( 2011 ), and Swift
VOT UV photometry was corrected using A λ/E(B − V ) values

rom table 2 of A. D. Code et al. ( 1976 ). All photometry was
orrected using E(B − V ) = 0 . 0438 mag as measured by E. F.
chlafly & D. P. Finkbeiner ( 2011 ) at the location of the transient.
ffectiv e wav elengths for each observ ed filt er w ere found using
VO filter profile service (C. Rodrigo, E. Solano & A. Bayo 2012 ;
. Rodrigo & E. Solano 2020 ). Photometry was then corrected for

ime dilation and redshift effects. 
In order t o det ermine the radius and temperature evolution of 

T2019cmw, we then fit Planck function SEDs using the scipy 

urve_fit function to our photometry in 1 d intervals. We only
onsider days with observations in more than 3 photometric 
ands, as we are simultaneously fitting two free parameters. The 

uminosity at each epoch was then found using L = 4 πR 

2 σT 

4 . 
1 σ confidence intervals for AT2019cmw’s blackbody character- 

stics were deduced using the bootstrapping method. Using the 
es ample function fr om s cikit-learn (L. Buitinck et al. 2013 ),

he photometry and the uncertainties on each measurement were 
andomly resampled a large number of times ( > 1000) in order to
roduce a distribution of derived values of L , T , and R for each
tt ed epoch. The ov erall trends of its blackbody evolution were

hen found by interpolating its derived blackbody characteristics 
sing bootstrapped LOWESS. 
Due to poor photometric coverage, we were unable to con- 

train its pre-peak blackbody characteristics using the method 

utlined above. To obtain estimates of its blackbody evolution 

re-peak, we make the assumption that AT2019cmw’s cooling 
egan at peak and fix its temperature to the peak value found
y LOWESS interpolation of post-peak epochs as detailed above. 
n appr o ximat ely st eady blackbody t emperatur e pr e-peak has
een previously observed in a variety of TDEs. For example, fig.
0 from T. W.-S. Holoien et al. ( 2019 ) shows this behaviour for
he TDEs ASASSN-19bt and ASASSN-18pg (G. Leloudas et al. 
019 ; T. W.-S. Holoien et al. 2020 ). The featureless TDEs from E.
ammerstein et al. ( 2023 ), as can be seen in Fig. 5 , also showed

it tle temper atur e evolution pr e-peak. A dditionally, this has been
hown to be the case for TDEs that cool post-peak. As can be
een in Supplementary fig . 2 fr om C. R. Angus et al. ( 2022 ),
he cooling TDE AT2020neh did not appear to show significant 
 emperature ev olution until aft er peak luminosity, although its
overage is poor . W e use this assumption, as AT2019cmw has
reviously been classified and analysed as a TDE by Y. Yao et al.
MNRAS 546, 1–28 (2026) 
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Figure 4. Spectra of AT2019cmw from Palomar P60, Palomar P200, LDT, and Keck LRIS in descending order of their observation, with time in days 
since first ZTF forced phot ometry det ection in the AT2019cmw’s rest frame. The positions of key spectral lines from the classification scheme outlined 
by S. Velzen et al. ( 2021 ) have been labelled. Mg II absorption and the K, H, and G F r aunhofer lines of calcium have also been labelled. Late-time LRIS 
spectra are host galaxy dominated. Also plotted for comparison are an LD T spectrum of the featur eless TDE AT2018jbv (E. Hammerstein et al. 2023 ), an 
SDSS QSO composite spectrum (D. E. Vanden Berk et al. 2001 ) and two WHT ISIS spectra of the SLSN–I SN 2010gx (A. Pastorello et al. 2010 ). We also 
show a combined SOAR Goodman and Magellan–Baade FIRE spectrum of the ENT Gaia18cdj (J. T. Hinkle et al. 2025 ), taken ∼ 2 and ∼ 3 . 5 yr post-first 
detection in the transient’s rest-frame respectively. Spectra have been normalized to their respective mean rest-frame flux between 4000 and 5000 Å. 
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Figure 5. Pseudo-blackbody temperatures ( top ), radii ( middle ), and 
luminosities ( bottom ) of AT2019cmw and four featureless TDEs 
(A T2018jbv, A T2020riz, A T2020qhs, and A T2020ysg) from E. Hammer- 
stein et al. ( 2023 ), with the most luminous TDE with spectral features 
from their sample (AT2020ddv, classified as TDE-He) also included for 
comparison). V alues for A T2018jbv w ere deriv ed using the method de- 
scribed in Section 3.2 , with the closest to peak modelled epoch ( ∼ 7 d post- 
peak) epoch used an an initial value. The SLSNe-I events SN2018hti and 
SN2019neq from Z. H. Chen et al. ( 2023 ) are also displayed. SN2018hti’s 
data has been smoothed for better visual clarity. One data point for 
AT2019cmw fit using LT griz and Swift UV data ∼ 14 . 5 d post-peak is 
significantly deviating from the general trend in both temperature and 
radius. 
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 2023 ) and A. Mummery et al. ( 2024 ), with our own arguments
or this interpretation presented later in Section 4 . We note that
lthough we use these pre-peak data points for our models in
ections 5.3 and 6 , if this assumption is not physically accu-
ate for AT2019cmw it does not materially affect our overall 
onclusions. 

Fig. 5 shows the evolution of AT2019cmw’s temper ature, r a-
ius and luminosity over time obtained using the above meth- 
ds. As can be seen in Fig. 5 , AT2019cmw has a temperature of 

10 4 . 45 K close to peak, and then steadily cools over the next 
50 d. It then continues cooling at a slower rate to ∼ 10 3 . 85 K at ∼

00 d post-peak. Its radius appears to gradually increase/plateau 

ost-peak, incr easing fr om ∼ 10 15 . 45 cm to ∼ 10 15 . 65 cm . Its lumi- 
osity peaks at ∼ 10 45 . 6 erg s −1 . The rate of luminosity decline 
roadly follows its temperature ev olution, st eadily declining for 
he first ∼ 50 d before declining at a slower rate for the follow-
ng ∼ 250 d to ∼ 10 43 . 6 erg s −1 . By integrating our derived lumi- 
osities over time, we find that AT2019cmw emitted ∼ 1 . 7 ×
0 52 erg between its first detection and our last modelled epoch at
JD 59041. This value was calculated assuming no host extinc- 

ion and e x cludes emission outside of the period during which it
as significantly det ect ed, and so is a low er limit on the true total

adiat ed energy. The deriv ed t emper atures, r adii and luminosities
or each fitted epoch of AT2019cmw’s photometry are listed in 

able A3 . 
In Fig. 5 , we compare physical parameters derived from 

seudo-blackbody SED fits for AT2019cmw to the blackbody evo- 
ution of 4 spectroscopically similar featureless TDEs, as well 
s the TDE-He event AT2020ddv, from the sample of E. Ham-
erstein et al. ( 2023 ). Temper atures, r adii and luminosities for
 T2020riz, A T2020qhs, A T2020ysg, and A T2020ddv were taken

rom E. Hammerstein et al. ( 2023 ). For AT2018jbv, we apply the
ame method, we used for AT2019cmw to its supplementary LT 

hotometry detailed in Section 2.2 , alongside ZTF, ATLAS, and 

wift photometry from E. Hammerstein et al. ( 2023 ). We list
T2018jbv’s blackbody parameters derived using this method in 

able A4 . We only consider these 4 featureless TDEs, as although
ther featureless TDEs have been catalogued by sample studies 
uch as Y. Yao et al. ( 2023 ), they lack the comprehensive post-
eak blackbody modelling needed to make the same comparison. 

.2.1 Possible deviation from blackbody 

s can be seen in Fig. 5 , we find a significantly lower blackbody
emperature and higher blackbody radius for an epoch ∼ 14 . 5 d
ost-peak compared with optical-only fits at a similar time. In 

ig. 6 , we show blackbody SEDs fit to snapshots of int erpolat ed
hotometry at the beginning, middle, and end of the period dur-

ng which Swift UV data was g ather ed between 14.5 and 33.6 d
ost-peak in order to probe this further . W e also show an SED-
t at 71.8 d post-peak to highlight the continuing evolution of 
T2019cmw’ s SED . At 14.5 d post-peak luminosity in rest-frame,

he Swift UV bands are underluminous compared with other 
ands at optical wavelengths assuming a blackbody SED. At 
3.6 d post-peak, all bands appear consistent with a blackbody 
ED. 

In case this behaviour was due to the presence of multiple
mitting regions with differing temperatures and radii shortly 
ost-peak, w e att empt ed a multicomponent blackbody fit for the
pochs detailed abov e. How ev er, this did not improve the quality
f our fits, suggesting that a single component is dominant in the
ptical/UV. 

We discuss this potential UV underluminosity further in Sec- 
ion 7.4 . 

.3 Post-peak colours 

s seen in Fig. 7 , AT2019cmw has a blue colour of < 0 mag close
o peak acr oss br oadband filter pairs between u band and z band.
t then begins to redden with time, with its u - g colour increasing
ignificantly faster than colours between other observed optical 
ands in the first ∼ 50 d post-peak, before slowing to a rate more
omparable with these other bands. As they appear spectroscopi- 
ally similar and have comparable peak luminosities, we compare 
T2019cmw’s g − r colour with the 4 featureless TDEs from E.
MNRAS 546, 1–28 (2026) 
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!

Figure 6. Blackbody SED fits to interpolated rest-frame multi- 
w av elength phot ometry for 14.5, 23.8, 33.6, and 71.8 d post-peak 
luminosity in rest frame. Fits are in chronological order from top to 
bottom. Optical and Swift UVOT photometry are indicated by blue and 
r ed points, r espectively. The shaded r egion abov e and below the curv e 
r epr esents the 1 σ confidence interval of our fit. 

Figure 7. Top: Observed LT u − g, LT g − r , and LT i − z colours for 
AT2019cmw in the first 300 d since peak luminosity in its rest-frame. Bot- 
tom: LT g − r colour of AT2019cmw plotted against ZTF g − r colours 
of the 4 featureless TDEs presented by E. Hammerstein et al. ( 2023 ) 
and the luminous ANT AT2019brs from P. Wiseman et al. ( 2025 ) since 
peak luminosity in each transient’s respective rest-frame. For comparison, 
we also show LT u − g colours of the SLSNe-I events SN 2018hti and 
SN 2019neq from Z. H. Chen et al. ( 2023 ). As these events were at redshifts 
of z = 0 . 063 and z = 0 . 1075 respectively, their u − g colours provide a 
more accurate rest-frame comparison than their g − r colours to the plot- 
ted higher redshift TDEs and ANTs at z ∼ 0 . 3 - 0 . 5 . Shaded regions show 

err ors pr opag ated fr om Low ess int erpolat ed phot ometry. 
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ammerstein et al. ( 2023 ) in the first 300 d post-peak in each
ransient’s respective rest frame. Whilst they arguably show some
olour evolution, none of these other events show the same signif-
cant change that AT2019cmw does, and maintain a colour of ≤ 0
hroughout their evolution. AT2019cmw by comparison reddens
n its LT photometry from a g − r colour of ∼ −0 . 35 mag near-
eak to ∼ 0 . 50 mag at late times. Compared with the luminous
NT AT2019brs (P. Wiseman et al. 2025 ) AT2019cmw appears
0 . 3 mag bluer at peak, whereas at late times it is comparable

n colour. AT2019cmw is also ∼ 0 . 3 mag bluer than the SLSNe-I
N 2018hti and SN 2019neq (Z. H. Chen et al. 2023 ) at peak, and
eddens significantly slower than both post-peak. See Section 7.3
or a more detailed comparison of the evolution of inferred black-
ody parameters between AT2019cmw and the featureless TDEs
rom E. Hammerstein et al. ( 2023 ). 

.4 Host Galaxy 

izy PS1 photometry of AT2019cmw’s host is listed in Y. Yao
t al. ( 2023 ). The host galaxy is only marginally det ect ed in the
an-STARRS1 g-band image. To recover the magnitude in this
and, for ced apertur e photometry at the host location was per-
ormed using a 2 arcmin radius, with a small aperture correction
measured using the r -band image) applied. From this, we find
 g-band magnitude of g = 22 . 57 ± 0 . 29 for AT2019cmw’s host.
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law decline has also been plotted for comparison (solid line). 
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ombined with the photometry from Y. Yao et al. ( 2023 ), this
hows it to be a red galaxy. We show a PS1 gri composite image of 
T2019cmw’s host in Fig. 1 . 
AT2019cmw’s host SED was fit in the sample study from Y. Yao

t al. ( 2023 ), in which they find it to be consistent with being a
ormal non-active galaxy. 
The lack of any det ect ed variability in NEOWISE photometry

t the source location from 1081.5 d prior to and 829.5 d post
eak luminosity in rest-frame means that any IR-reflecting ma- 
erial that may exist out to 2 × 10 18 cm from the event, such as
 dusty AGN torus, was not significantly det ect ed (using d = ct).
T2019cmw may begin to display rising IR emission in the future,
s radiation from the event reaches more distant IR-reflecting 
aterial. This is not particularly constraining. N. Jiang et al. 

 2021 ), for example, det ect ed IR variability in 23 optically selected
DEs; how ev er, they w ere all at significantly low er redshift than
T2019cmw. 
We fit a gaussian line profile to the host spectrum at the lo-

ation of H α in order to attempt to measure the galaxy’s star
ormation rate (SFR). The FWHM of this gaussian, 6 . 9 Å, corre-
ponds to the FWHM resolution for the LRIS 400/8500 grating 
sing a 1 arcmin slit 3 . This yielded a 3 σ flux upper limit of �
 . 5 × 10 33 erg s −1 . This corresponds to an approximate 3 σ upper
imit on the star formation rate of � 0 . 3 M �yr −1 using the relation
rom R. C. Jr Kennicutt, P. Tamblyn & C. E. Congdon ( 1994 ), and
 specific star formation rate of � 3 . 7 × 10 −12 yr −1 for a stellar
ass of 10 10 . 88 M � (Y. Yao et al. 2023 ). 

.4.1 Host-transient offset 

n order to quantify the offset between the transient and its host
 alaxy, we compar e the measur ed position of the transient in a
ost-subtracted LT image with the position of the host in PS1 
 efer ence imaging . To do this, we chose a high quality LT i -band
mag e with g ood seeing and low moon contamination from 2019-
6-08, and a stacked i -band PS1 cutout of the host galaxy. i -band
mages were chosen as the host galaxy has the highest S/N in this
and. 

To perform the subtraction, the LT image was first aligned with
he PS1 r efer ence image using swarp . PSFs for both images were

easured using PSFEx (E. Bertin 2013 ), and each image was 
onv olv ed with the PSF of the other using source extractor .
he alignment of the conv olv ed images is refined using scipy ’s
dimage.shift function. We then normalise the images for sub- 

raction, using a chosen subset of for egr ound r efer ence stars that
ass a number of quality cuts. 
Aft er subtraction, w e measur e the differ ence in the posi-

ion of the transient and the host in subtracted and r efer ence
mages using source extractor . A final correction to this 
ifference was then applied using the mean of the offset of 
he for egr ound r efer ence stars between both images. The er-
or of the position of both the transient in host-subtracted LT
mages and the host in PS1 was found using the scatter in
he position offset of for egr ound r efer ence stars between both
mages. 

Using this method, an offset of 0.195 PS1 pixels was found be-
ween AT2019cmw and its host, and a scatter of 0.449 pixels using
or egr ound stars. This corr esponds to an offset of 0.049 arcmin
nd a scatter of 0.112 arcsec, and thus 0 . 57 kpc with a scatter of 
 https://www2.k eck.ha waii.edu/inst/lris/dispersive _ elements.html 

a
f

 . 31 kpc at a redshift of z = 0 . 519 . We do not see any significant
ffset between the transient and its host-galaxy, and thus consider 
he transient as nuclear. 

.5 X-ray and radio non-detections 

ur X-ray flux upper limit, as detailed in Section 2.3 , translates
o an X-ray luminosity upper limit of L X � 2 × 10 43 erg s -1 be-
ween 0.3 and 15.2 keV, between ∼ 12 and ∼ 54 d post-peak, in
T2019cm w’s rest -fr ame. This is not particularly constr aining on

he presence of X-ray emission. For example, in the study by E.
ammerstein et al. ( 2023 ) for TDEs with a redshift of z ≤ 0 . 075

hey find six TDEs with L X ≤ 10 42 erg s -1 and 7 TDEs with L X ≥
0 42 erg s -1 . How ev er, some of the TDEs in their sample consid-
red ‘X-ray bright’ would be detected at AT2019cmw’s redshift 
t the depth of our observations. AT2020ddv, for instance, has 
 Swift XR T X -ray luminosity of � 3 × 10 43 erg s -1 at a similar
ime to AT2019cmw post-peak. In addition to this, AT2020ddv is 
lmost an order of magnitude less luminous at optical/UV wave- 
engths than AT2019cmw. At the time of our observations, the 
atio between AT2019cmw’s derived blackbody luminosity and 

ts X-ray luminosity upper limit was ∼ 50 − 100 . As can be seen
n Fig. 8 from E. Hammerstein et al. ( 2023 ), this would place it
ear the upper end of their L BB /L X distribution for X-ray det ect ed
DEs. In their sample, at a similar time post-peak to our Swift
RT observations 6 TDEs had L BB /L X between ∼ 1 and ∼ 50 , and
 showing L BB /L X between ∼ 100 and ∼ 300 . This suggests that
T2019cmw was not particularly X-ray luminous at the time of 
ur observations. 

Assuming a spectral shape of F ν ∼ ν−1 for our K -correction, 
ur VLA C -band flux upper-limit of < 4 . 5 μJy corresponds to
 luminosity upper limit of νL ν < 2 . 8 × 10 38 erg s −1 between 4–
 GHz 1474.86 d aft er first det ection (970.94 d in rest frame). As
een in the sample paper from Y. Cendes et al. ( 2024 ), the majority
f optically selected TDEs are not particularly radio-loud, with 

any events being detected at luminosities below our detection 

imit at a similar time post first-det ection. How ev er, they show
hat a subset of TDEs are extremely radio-luminous due to on-axis
elativistic jetted emission. Swift J164449.3 + 573451 (Y. Cendes 
t al. 2021 ) for instance was det ect ed at a luminosity over two
rders of magnitude above our detection limit for AT2019cmw’s 
edshift. This places tight constraints on the presence of any on-
xis relativistic jetted emission in AT2019cmw. We discuss this 
urther in Section 7.5 . 
MNRAS 546, 1–28 (2026) 
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 P H Y S I C A L  ORIGIN  S C E NA R I O S  FOR  

T 2019CMW  

n this section, we consider several different physical interpreta-
ions in order to explain AT2019cmw’s observed characteristics. 

AT2019cmw has been previously classified and analysed as a
eatureless TDE in the sample studies from A. Mummery et al.
 2024 ) and Y. Yao et al. ( 2023 ), and appears spectrally simi-
ar to the featureless TDEs from E. Hammerstein et al. ( 2023 ),
s we show in Fig. 4 where AT2018jbv is plotted for compari-
on. How ev er, it lacks a concrete ‘smoking gun’ that definitively
ins down its physical origin, such as det ect ed X-ray or radio
mission. As a result, we briefly consider here some potential
lt ernativ e physical interpretations for AT2019cmw’s observed
haracteristics. 

.1 Extreme supernova 

espite its host’s low rate of star formation, as detailed in Sec-
ion 3.4 , its significant temperature evolution post-peak motivates
s to consider an e xtr eme SLSN scenario for AT2019cmw. 
The most e xtr eme magnetar spin-down powered models of 

LSN-I from T. Sukhbold & S. E. Woosley ( 2016 ) generate a
eak luminosity of L = 2 × 10 46 erg s -1 , which could possibly ex-
lain our observations. How ev er, as seen in Fig. 5 , at peak
T2019cmw is significantly hotter than typical SLSN e. A ddition-
lly, SN2020hti was highlighted by Z. H. Chen et al. ( 2023 ) to
e a high-temperature outlier in their sample of SLSN-I events,
T2019cmw displays significantly higher temperatures at all
omparative epochs. Although its radius ev olv es slow er than the
LSN-I events seen in Fig. 5 , AT2019cmw also displays a plateau
n its blackbody radius for at least 300 d in rest frame, which could
e explained by the photosphere receding into the expanding
jecta of a supernova as it becomes optically thin. 

How ev er, the strongest line of evidence against an SN inter-
retation is the persistently featureless nature of AT2019cmw’s
pectra, ev en out t o lat e times. In the case of a supernova, as the
hotospher e r ecedes, the radiation w ould begin t o pass through
ptically thin ejecta and a nebular spectrum would start to be
roduced. This can be seen in Fig. 4 , with SN 2010gx (A. Pas-
orello et al. 2010 ) showing more prominent spectral features as
t ev olv es, wher eas AT2019cmw stays featur eless. Ther efor e, it is
nlikely that AT2019cmw’s properties can be explained using a
eculiar SLSN scenario. 

.2 Peculiar AGN flare 

s we state in Sections 3 , 3.3 , and 3.4 , AT2019cmw’s blue UV
olour at peak, featureless spectra, as well as the source location’s
EOWISE nonvariability and host SED consistent with a normal
on-active galaxy (Y. Yao et al. 2023 ) are evidence against it being

he result of an AGN flare. How ev er, due t o its nuclear location
nd high luminosity compared with the majority of previously
iscovered TDEs and SNe to date, we consider this possibility. 
Quasars, for example, have been observed at luminosities sig-

ificantly higher than AT2019cmw at peak from low to high red-
hifts (X. Shen et al. 2020 ). How ev er, as can be seen in the compos-
te spectrum from D. E. Vanden Berk et al. ( 2001 ) shown in Fig. 4 ,
uasars show a combination of broad and narrow emission lines

n their spectra. This is unlike our spectral sequence seen in Fig.
 , which remains a featureless continuum for its entire evolution.
ur spectra are also unlike those of previously observed Seyfert
NRAS 546, 1–28 (2026) 
alaxy nuclei, which also show characteristic emission features
J. R. Mullaney & M. J. Ward 2008 ). 

Blazars how ev er hav e been seen t o display predominantly fea-
ureless continua in the optical (D. DuPuy et al. 1969 ; M. Stickel
t al. 1991 ; P. Goldoni et al. 2021 ), and are also preferentially
een in massive early type host galaxies (C. M. Urry et al. 2000 ).
ow ev er, in the optical their SEDs are dominated by synchrotron

mission and appear as a power -la w continuum (M. Fiorucci, S.
iprini & G. Tosti 2004 ; G. Ghisellini et al. 2011 ), rather than the
lackbody SEDs which we observe for AT2019cmw as highlighted

n Fig. 6 . 
It is possible that AT2019cmw is a peculiar AGN ‘turn-on’

vent in a previously quiescent galaxy. L. Yan et al. ( 2019 ), for
 xample, observed a pr ompt AGN turn-on event in the pr eviously
uiescent galaxy SDSS1115 + 0544. How ev er, there are significant
bservational differences between AT2019cmw and this event.
hey note the AGN turn-on event in SDSS1115 + 0544 is unlike
r eviously observed SN e and TDEs due to its str ong, persistent
V emission years after the initial ‘turn-on’, indicative of a newly

ormed accretion disk. This presents as a steep slope into the UV
n their photometry and spectroscopy blueward of ∼ 4000 Å. As
een in Fig. 4 , we instead observe strong UV flux at early times
hat fades to show a quiescent galaxy spectrum at late times.
dditionally, they observe the formation of prominent hydrogen,
 xy gen and iron emission lines during the flare, in contrast to
T2019cmw’s persistent featureless spectra. 
Another notable class of events as a comparison are ANTs,

hich appear to display smooth light-curve evolution post-peak
P. Wiseman et al. 2025 ), somewhat similar to AT2019cmw. Al-
hough P. Wiseman et al. ( 2025 ) hypothesize that ANTs are po-
entially the result of TDEs of intermediate to high mass stars,
hey appear spectroscopically similar to AGN. P. Wiseman et al.
 2025 ) note that the events in their sample ubiquitously show
road AGN-like Balmer emission features. The related subclass
f ‘Extreme Nuclear Transients’ (ENTs) presented by J. T. Hinkle
t al. ( 2025 ), which they also hypothesize resulted from TDEs of 
nt ermediat e t o high mass stars, also appear t o display broad Mg II
mission. J. T. Hinkle et al. ( 2025 ) state that as this feature is
ommonplace in AGN spectra, this could be the result of a pre-
 xisting r eservoir of g as ar ound the SMBH. These events ap-
ear distinct from AT2019cmw, which displays featureless spec-
ra throughout its entire observed evolution. 

Due to AT2019cmw’s observ able char acteristics being incon-
istent with being the result of an AGN-related phenomenon, we
onsider it inconsistent with being the result of an AGN flare. 

.3 Tidal disruption event 

T2019cmw appears nuclear in its host. Our measured offset
f 0.049 arcmin and a scatter of 0.112 arcsec, as detailed in Sec-
ion 3.4.1 , is consistent with the offset of ≤4 arcmin for TDEs
elected by the ZTF sample studies from S. Velzen et al. ( 2021 ) and
. Hammerstein et al. ( 2023 ). As AT2019cmw’s host also displays
 lack of det ect ed AGN activity, and AT2019cmw itself does not
how any AGN-like or SN-like spectral features, we return to the
cenario of a TDE to explain its observed properties. 

As can be seen in Figs 5 and 7 , AT2019cmw cools significantly
ost-peak compared to the featureless TDEs from E. Hammer-
tein et al. ( 2023 ) that display similar featureless spectr a. How -
ver, as peculiar TDEs and candidate-TDEs have also displayed
imilar post-peak temperature evolution, we do not consider this
o be evidence against a TDE interpretation for AT2019cmw. For
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xample, the candidate featureless TDE Dougie (J. Vinkó et al. 
014 ) as well as the fast evolving TDE AT2020neh (C. R. Angus
t al. 2022 ), both discussed further in Section 7.3 , appear to cool
ignificantly post-peak. 

S. Gezari ( 2021 ) make the argument that the NU V - r colour
f a TDE at peak is a potentially robust method of photometri-
ally differentiating TDEs from other transients such as AGN and 

Ne. AT2019cmw displays significant reddening of its uvw 2 − r 
olour post-peak. When measuring colours from int erpolat ed 

ight-curves of significant detections, from 14.1 and 33.8 d post- 
eak in its rest-frame the U V W 2 − r colour r eddens fr om 0.37
ag to 0.73 mag with a consist ent absolut e magnitude in U V W 2

f M < −22 . This would put it in-between the regime of TDEs
nd AGN. Fig. 10 from S. Gezari ( 2021 ) for instance shows that
DEs appear to have a peak NU V − r colour � 0 mag, whereas
GN have a colour of � 1 mag, and SNe a colour of � 0 . 5 mag.
ow ev er, as it w as r apidly reddening in u − g from at least ∼ 6 d

efore our first U V W 2 detection, it is likely that at peak its colour
s close to U V W 2 − r = 0 mag. 

In Fig. 8 , we fit a power -la w decline to our derived post-peak
olometric luminosities of AT2019cmw from Section 3.2 t o det er-
ine the slope index of the decline α, with the time of disruption

t 0 ) set at the time of the first ZTF g-band forced photometry
et ection. At the 1 σ lev el, w e find a value of α = 1 . 81 +0.07 

-0.07 
. Within

 σ , we find AT2019cmw’s rate of decline to be consistent with
he t −5 / 3 decline for TDEs predicted using theoretical fallback 

ccr etion rates fr om M. J. Rees ( 1988 ) and E. S. Phinney ( 1989 ).
t should be noted that AT2019cmw’s first photometric detec- 
ion is almost certainly after the true t 0 . Varying t 0 , we find that
T2019cmw’s rate of decline is still consistent with a t −5 / 3 decline 
ithin 2 σ if t 0 is set to 4 days pre-first detection. 
AT2019cmw displays a blue colour and high temperature at 

eak, and its post-peak luminosity decline rate is consistent with 

 t −5 / 3 power law. Combined with its featureless spectra and 

uclear location in its host with a lack of any det ect ed AGN
ctivity, this motivates us to interpret AT2019cmw as a peculiar 
eatureless TDE of the class defined by E. Hammerstein et al. 
 2023 ). 

 REDBAC K  ‘  C  OOLING  E N V E L  O P E ’  MODEL  

n order to derive parameters such as the mass of the dis-
upted star and disrupting black hole, we fit our photometry of 
T2019cmw using the open-source software package R edback 

N. Sarin et al. 2024 ). We use the TDE cooling envelope model
B. D. Metzger 2022b ) using the dynesty sampler (J. S. Speagle
020 ) wrapped with bilby (G. Ashton et al. 2019 ). One advantage
f this model compared with other widely used TDE models such
s from B. Mockler et al. ( 2019 ), is it is not agnostic to the mech-
nism of energy production from the fallback of stellar material. 
s described in N. Sarin & B. D. Metzger ( 2024 ), it is based on

he assumption that the super-Eddington fallback of stellar ma- 
 erial ont o a black hole during a TDE forms a pr essur e-supported
nv elope aft er the first fallback time, which then cools and un-
ergoes Kelvin–Helmholtz contraction before forming a disk at 

ater times. As such, this model is potentially able to explain how
ome TDE systems do not brighten in X-rays (Y. Yao et al. 2022 )
nd radio (Y. Cendes et al. 2024 ) until long after the optical/UV
eak, which may apply in the case of AT2019cmw with its X-ray
on-det ection close t o peak and relativ ely non-constr aining r adio
pper limit at late times. 
We adopt the method used by N. Sarin & B. D. Metzger ( 2024 )
o model their sample of TDEs. The predicted fallback timescale 
f the system is defined by equation (3) from N. Sarin & B. D.
etzger ( 2024 ), which they adapt from equation (51) from N.

tone, R. Sari & A. Loeb ( 2013 ): 

t f b ≈ 58d 

( κ

0 . 8 

)−3 / 2 
m 

1 / 5 
∗ M 

1 / 2 
bh , 6 , (1) 

in which m ∗ is the mass of the disrupted star in M � and M bh , 6 is
he mass of the disrupting black hole in 10 6 M �. κ is a constant re-
at ed t o the st ellar binding energy, which N. Sarin & B. D. Metzger
 2024 ) set to 0.8. 

Before the envelope formation time in the model as defined 

y χt f b , with χ accommodating for model uncertainties in the 
nvelope formation time, we use a phenomenological broken 

ower law to fit the transient’s photometry prior to and shortly
fter peak. The light-curve evolution during this time is defined 

y the Equation 5 from N. Sarin & B. D. Metzger ( 2024 ): 

F (ν, t ) = A ν

(
1 − e t/t peak 

)α1 
(

t 
t peak 

)−α2 

. (2) 

A ν r epr esents a normalisation for each specific frequency in the
odel, α1 and α2 r epr esent the rise and decline indices prior to

nd post-peak respectiv ely. Aft er t = χt f b , the phenomenological
odel is smoothly connected to the cooling envelope model. 
The uncertainties quoted for our model posterior distributions 

n this section are 95 per cent credible intervals. 

.1 Multiband photometry fit 

e use a broad set of priors for all parameters and run until
on vergence. Fig. 9 shows light -curves from our model fits plotted
gainst AT2019cmw’s photometry. Around peak, the power -la w 

t is a good match to our data. Although as the model pr ogr esses
 o lat e times the g band is somewhat ov erestimat ed, and i band
MNRAS 546, 1–28 (2026) 
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M

Figur e 10. Inferr ed parameters fr om our ‘ cooling en v elope’ model fit t o the multiband phot ometry shown in Fig. 9 . Plot made using corner (D. 
Foreman-Mackey 2016 ). 

a  

p  

e  

S  

s  

T
 

1  

o  

1  

w  

t  

a  

a  

u  

n  

T  

p
 

n  

6  

a  

8  

s  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/546/3/stag130/8431341 by guest on 26 February 2026
nd z band are underestimated, likely due to the fact that the
hotospheric cooling seen in AT2019cmw is not predict ed t o this
xtent by the model from B. D. Metzger ( 2022b ). The u -band and
wift UV bands are moderately well fit close to peak, but are
ignificantly ov erestimat ed as the model pr ogr esses t o lat er times.
his is discussed further in Section 5.2 . 
Par ameters extr acted from this model are displayed in Fig.

0 and Table 2 . Our model fits output a disrupted star mass
f M ∗ = 50 . 58 +3.72 

-3.57 
M �, a disrupting black hole mass of M bh =

 . 258 +0.137 
-0.114 

× 10 7 M � and a penetration factor of β = 6 . 81 +6.03 
-5.29 

,
ith β = r t / r p , the ratio between the radius of the tidal disrup-

ion and the periapsis of the in-falling debris respectively. We
NRAS 546, 1–28 (2026) 
lso find an SMBH feedback efficiency of η = 5 +30 
−4 × 10 −4 and

n internal extinction of A V = 0 . 46 +0.02 
-0.02 

mag. We note that these
ncertainties ar e under estimations of their true values, as they do
ot take into account systematic errors or model misspecification.
he complete posterior distribution e xtracted fr om this model is
resented in Fig. B1 . 
Although our estimate of M bh is of the same order of mag-

itude, it is significantly different from the mass of M bh =
 . 31 +7.82 

-3.50 
× 10 7 M � found by A. Mummery et al. ( 2024 ) using

 late-time thin-disc emission model, and the mass of M bh =
 . 71 +14.10 

-5.40 
× 10 7 M � found by Y. Yao et al. ( 2023 ) using host galaxy

caling relations, with M gal derived from SED fitting of host pho-
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Table 2. Summary of relevant parameters output by our model fits from 

Sections 5.1 , 5.3 , and 6 . Uncertainties for parameters from the cooling 
envelope model are 95 per cent credible intervals, whereas for the repro- 
cessing outflow model we show 1 σ errors. A full list of output parameters 
from our cooling envelope model fits can be seen in Figs B1 and B2 . 

Cooling envelope model (multiband fit) 

M BH 

( 10 6 M �) 12 . 58 +1 . 37 
−1 . 14 

M ∗ ( M �) 50 . 58 +3 . 72 
−3 . 57 

log 10 η −3 . 30 +0 . 84 
−0 . 61 

β 6 . 81 +6 . 03 
−5 . 29 

χ 0 . 10 +0 . 01 
−0 . 01 

t 0 (MJD) 58555 . 63 +1 . 38 
−1 . 92 

A V (mag) 0 . 46 +0 . 02 
−0 . 02 

Cooling envelope model (bolometric fit) 
M BH 

( 10 6 M �) 0 . 24 +0 . 20 
−0 . 14 

M ∗ ( M �) 75 . 30 +21 . 36 
−36 . 84 

log 10 η −2 . 02 +1 . 73 
−1 . 73 

β 51 . 68 +42 . 51 
−42 . 91 

χ 0 . 53 +0 . 35 
−0 . 18 

t 0 (MJD) 58533 . 68 +13 . 22 
−13 . 24 

Repr ocessing -outflow model ( 10 000 kms −1 ) 
M ej () 142 ± 10 
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 ometry. How ev er, w e not e that for both of these values of M bh 
he uncertainties quoted are at the 1 σ level. 

By generating a predictiv e post erior distribution from 1000 
amples of our results, we also derive pr o xy X-ray luminosities
redicted by the model for AT2019cmw. The X-ray luminosities 
redicted by our model remain on a plateau at ∼ 5 × 10 43 erg s -1 
ntil ∼ 100 d post -en velope formation. They ar e then pr edicted

o rise and approach the Eddington luminosity of the system as
he envelope terminates and the SMBH accretion rate increases 
B. D. Metzger 2022b ), reaching ∼ 2 × 10 46 erg s -1 in our model

1100 d post-first fallback. These pr o xy X-ray luminosities are 
resented in Fig. C3 . 
Our Swift XRT observations, detailed in Section 2.3 , were taken 

etween ∼ 2 d prior to and ∼ 24 d after χt f b in the source frame.
hen comparing the predicted plateau at this phase of evolu- 

ion, our observed Swift X-ray luminosity upper-limit of � 2 ×
0 43 erg s -1 is significantly lower than that predicted by our model.
ow ev er, as this occurs during the ‘cooling envelope’ phase in

ur model, the predicted X-ray emission would only be detectable 
rom select viewing angles roughly aligned with the black hole’s 
xis of rotation (N. Sarin & B. D. Metzger 2024 ) and thus may not
ave been visible along our line of sight. 

.2 Multiband fit caveats 

s seen in Fig. 9 , a phenomenological power -la w fit before and
hortly after peak followed by a fit using the cooling envelope 
odel describes the behaviour of our optical and UV light-curves 

easonably w ell. How ev er, at lat er times, the model underesti-
at es the rat e of reddening that w e observ e, leading us t o un-

erestimate the observed rate of cooling from Section 3.2 in our
t. One possible explanation for this is that, as can be seen in
ig. 9 , slower fading redder bands hav e bett er cov erage and S/N
t late times. As a r esult, r edder bands could have been more
 c
ignificantly w eight ed in the fit compared t o bluer bands, causing
he latter’s luminosity to be overestimated at late times. Although 

he model generally does well at predicting AT2019cmw’s pho- 
 ometric ev olution, the discrepancy betw een the colour of our
bservations and the model fit at later times, as well as the fact
hat we observe an increase in photometric radius in Section 3.2 ,
uggest that our value of η (the SMBH feedback efficiency) in this
t may be an underestimate. 
A significant caveat also applies to our derived value of M bh 

rom Section 5.1 . As stated in section 3.1.1 of B. D. Metzger
 2022b ), close to peak the bolometric luminosity in the cool-
ng envelope can be considered as L = L edd + L fb , where L edd is
he Eddington luminosity of the envelope and L fb is an addi-
ional luminosity contribution from the fallback of stellar ma- 
 erial. At lat er times, the bolometric luminosity in the model
pproaches L ≈ L edd , which can be used to constrain the SMBH
ass. Randomly sampling the posterior distribution from our fit, 
e find that the model predicts L edd ≈ 10 45 . 3 erg s −1 at ∼ 300 d
ost -en velope formation. In reality, our blackbody fits from Sec-
ion 3.2 show that the bolometric luminosity decreases to ∼
0 43 . 6 erg s −1 ∼ 300 d post-peak. This implies that in our fits from
ection 5.1 our value of M bh may be significantly ov erestimat ed,
s these fits significantly ov erestimat e the bolometric luminosity 
and thus L edd ) at later times. The predicted blackbody character-
stics of our model fit from Section 5.1 are presented in Fig. C1 . 

As stated in Section 5.1 , our best fitting model conv erges t o a
enetration factor of β = 6 . 81 +4.34 

-4.01 
. Although there is a large un-

ertainty on this value, it suggests that this event may be a ‘high-
enetration’ TDE. Using the following equation for the radius 

f tidal disruption from J. G. Hills ( 1975 ), r t = 

(
M bh 
M ∗

)1 / 3 
R ∗, the

chw arzschild r adius as definied by R s = 

2 GM 

c 2 and the appr o xi-
ate mass-radius relation for main sequence stars as defined by 
 ∗ ≈

(
M ∗
M �

)4 / 5 
R �, we find a periapsis, r p , of the st ellar mat erial of 

 p = 3 . 99 +5.72 
-1.55 

R s . Within this rang e, g eneral relativistic precession 

ould be significant enough to cause infalling debris stream to 
ntersect itself when it completes an orbit (Z. L. Andalman et al.
022 ). The r esulting str eam–str eam collisions would add an addi-
ional source of radiation that is not currently taken into account
n the cooling envelope model. 

In the same vein, as stated by B. D. Metzger ( 2022b ), κ weakly
epends on β (J. Guillochon & E. Ramirez-Ruiz 2013 ; N. Stone
t al. 2013 ). In the cooling env elope model, how ev er, N. Sarin
 B. D. Metzger ( 2024 ) and B. D. Metzger ( 2022b ) fix the value
f κ to 0.8 as an appr o ximation, which corr esponds to β = 1
or a polytropic star with λ = 5 / 3 , even though β is allowed to
ary in the model. Considering equation ( 1 ), this implies that
he fallback time may be inaccurate. This is supported by our
stimated value of χ ∼ 0 . 1 , which implies that the fallback time
ound using equation ( 1 ) may be a significant ov erestimat e. As
s discussed in Appendix C of N. Sarin & B. D. Metzger ( 2024 ),
arying κ can also significantly affect estimates of the mass of 
he star and disrupting black hole. If the true physical value of 

is higher, then this could mean that our models estimates of 
 ∗ and M bh ar e under estimat ed and ov erestimat ed respectiv ely.
ur results highlight a degeneracy between κ and the inferred 

asses. How ev er, properly accounting for this degeneracy re- 
uires modelling how κ depends on the star mass and β, which

s not properly included in the Redback implementation of the 
ooling en velope model. Lea ving κ as a free parameter will artifi-
ially broaden the posterior, but not correctly capture the physics, 
MNRAS 546, 1–28 (2026) 
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M

Figure 11. 1 σ confidence interval of the cooling envelope model, shown 
as a shaded error region, fit to AT2019cmw’s derived blackbody luminosi- 
ties from Section 3.2 , shown as vertical error bars. 
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uddying the physical meaning of some of the implicitly derived
uantities in the model. As such, we chose to keep κ fixed in our
odelling. With a different value of κ , such as 0.4 as chosen by N.

arin & B. D. Metzger ( 2024 ), we would expect a similar scaling
or our derived values of M ∗ and M bh of ∼ 2 times larger and ∼ 4
imes smaller respectively. This would not qualitatively affect our
ndings from Section 5.1 . 
As seen in Fig. 10 , our model fits estimate an internal extinction

f A V = 0 . 51 +0.02 
-0.02 

mag. In Section 3.2.1 we describe our observa-
ions of a u -band e x cess and a potential UV underluminosity at
arly times, which we go on to discuss in Section 7.4 , as being
ot entially due t o unseen absorption features in the UV. As a
esult, our estimate of host extinction, and thus the luminosity
f the transient in the model, may be an ov erestimat e. Combined
ith the assumption of κ = 0 . 8 , it is likely that the disrupted star
ass in the model is somewhat ov erestimat ed. 

.3 Bolometric fit 

n order to further probe AT2019cmw with the cooling envelope
odel, we again use the method used in Section 5.1 to fit our
ultiband phot ometry. How ev er, w e inst ead fit AT2019cmw’s de-

ived blackbody luminosities from Section 3.2 . As our input data
or this model is achromatic, we cannot constrain the internal
xtinction as was done in Section 5.1 , and so assume A V = 0
ag. As a result, estimates of other parameters from this model

re unaffected by any possible overestimation of this value. The
odel fit to our derived blackbody luminosities is shown in Fig.

1 , and key extracted parameters are presented in Table 2 . The
omplet e list of paramet ers extract ed from this model is presented
n Fig. B2 . 

Using this fit, we estimate a disrupted star mass of M ∗ =
5 . 30 +21.36 

-36.84 
M �. Although our uncertainties are larger here, likely

ue to us only using epochs with > 3 photometric data points as
nput rather than all of our photometry, this is consistent with the
isrupted star mass found by our multiband fits in Section 5.1 .
s such, this shows that a disrupted star mass in the tens of solar
asses is favoured to explain AT2019cmw’s characteristics in the

ontext of the cooling envelope model. This would be the case
ven if the masses of the disrupted star found by our Redback
NRAS 546, 1–28 (2026) 
odel fits are ov erestimat ed by several times compared to the
rue value (such as if the true value of κ is significantly different
rom 0.8). This is an unprecedentedly high mass for a tidally dis-
upted star and, if accurate, could ha ve far -reaching implications
or our understanding of the environments surrounding SMBHs.
his will be discussed further in Section 7.1.1 . 
For the disrupting black hole in this model we find a mass

f M bh = 2 . 4 +2.0 
-1.4 

× 10 5 M �. This is almost 2 orders of magnitude
maller than the estimate made by our model from Section 5.1 .
s stated in Section 5.2 , this may be due to the assumption in the

ooling envelope model that at later times L ≈ L edd . One possible
mplication in the context of the cooling envelope model is that
t later times, if such an envelope is in fact present, it may be
adiating at a rate significantly below L edd . This would have the
ffect of skewing our model’s value of M bh to a lower value. A
imilar discrepancy was also noted by A. Hajela et al. ( 2025 ) when
iscussing their cooling envelope fit of ASASSN-15oi, which dis-
layed a thermal bolometric luminosity of L ∼ (0 . 1 - 0 . 3) L edd at a
ime when the cooling envelope model predicts L = L edd . 

Also, curiously, our bolometric luminosity fit is broadly better
t predicting the atypical blackbody behaviour that we observe
n Section 3.2 than our fits detailed in Section 5.1 . Despite the
ack of colour information in the input data, our model fit gen-
rally predicts a phot ospheric t emperatur e decr ease and radius
ncrease/plateau in the first ∼ 300 d post-first fallback. These pre-
icted blackbody characteristics are presented in Fig. C1 . 
The discrepancy between our cooling envelope model fits will

e discussed further in Section 7.2 . 

 R E P RO C E S S I N G - OU T F LOW  MODEL  

e also consider an alt ernat e r epr ocessing -outflow model, us-
ng the method outlined in T. Matsumoto & T. Piran ( 2021 ).
n contrast to the cooling envelope model discussed in Sec-
ion 5.1 , this model operates under the assumption that the emis-
ion from optically selected TDEs originates from X-ray pho-
ons from the accretion disc reprocessed by an optically thick
uasi-spherical expanding outflow. Much like the cooling enve-

ope model discussed in Section 5.1 this model is motivated by
he ‘low’ blackbody t emperature observ ed in optical TDEs, as
ell as their relatively low X-ray luminosities and late-time radio

mission. 
In their model, T. Matsumoto & T. Piran ( 2021 ) determine two

adii defined by E. Nakar & R. Sari ( 2010 ) and R.-F. Shen et al.
 2015 ). The first is the diffusion radius R d , above which radiation
an freely escape as the photons diffusion time is shorter than
he dynamical time of the ejecta, defined at an optical depth of 
(R d ) = 

c 
v d 

. The second is the colour radius, at which the photons
r e last consider ed to be in thermal equilibrium with the ejecta,
efined at an optical depth of τeff (R c ) = 1 . 
As input, the model takes the evolution of the transient’s lu-
inosity and temperature in order to determine the locations of 

hese radii over time, as well as the outflow density ρ at these
 adii. These par ameters also depend on the outflow velocity v ,
hich is varied over a range of possible values as an additional

nput parameter. As stated by T. Matsumoto & T. Piran ( 2021 ), for
DEs with outflow velocities lower than the critical velocity v c at
hich R d = R c , R c > R d . For AT2019cmw this critical velocity lies

t v > 10 4 km s −1 . This is above the appr o ximate upper limit of 
elocities in the r epr ocessing -outflow model that T. Matsumoto &
. Piran ( 2021 ) consider, which was set considering observations
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Figure 12. Input and derived output parameters for our fit of 
AT2019cmw to the r epr ocessing -outflow model fr om ∼ 20 d pr e-peak up 
to ∼ 300 d post-peak. The curves and corresponding error regions plotted 
show the input luminosities and temperatures used in the model fit, as 
well as output colour r adii, mass-ejection r ate per day and cumulative 
ejecta mass over time. Data points show our derived blackbody charac- 
teristics of AT2019cmw from Section 3.2 . 
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f TDEs that display br oad emission featur es at a velocity of 
 � 10 4 km s −1 (I. Arcavi et al. 2014 ). As a result, the rate of mass
jection can be determined for this event using the equation 

˙ M c = 

 πR c 
2 ρc v . 

We performed an initial fit to our derived blackbody lumi- 
osities and t emperatures ov er the first 300 d in AT2019cmw’s
est-frame. As can be seen in Fig. 12 , for an outflow velocity of 
 = 10 4 km s −1 we find an ejecta mass of ∼ 142 ± 10 M � in the
rst 300 d post-peak luminosity. Fig. 13 shows the range of ejecta
asses we estimate for a range of input outflow velocities. 
Following the method from T. Matsumoto & T. Piran ( 2021 ),

e consider the lower-limit on the outflow velocity in this model 
o be the escape velocity of the system, for which we use the
ollowing relation: 

v esc (R c ) � 1900 km s −1 M 

1 / 2 
BH , 6 . 5 L 

−3 / 10 
44 T 

17 / 20 
4 . (3) 

When applying our peak values for temperature and luminos- 
ty from Section 3.2 , and the fiducial SMBH mass of 10 6 . 5 M � used
y T. Matsumoto & T. Piran ( 2021 ), we find an escape velocity at
 c of v esc (R c ) ∼ 1 . 5 × 10 3 km s −1 . This corresponds to an ejected
ass of ∼ 30 M � when applied to Fig. 13 . Even when applying

ur lower limit on the SMBH mass from Section 5.3 of M bh =
 × 10 5 M �, we find v esc (R c ) ∼ 3 × 10 2 km s −1 , and thus ∼ 6 M �
f ejecta. 
A significant caveat of this model is the assumption of quasi-
pherical outflows with densities, temperatures and velocities 
hat do not vary with viewing angle. T. Matsumoto & T. Piran
 2021 ) state that if outflows in TDEs vary strongly with view-
ng angle, then their observed characteristics could be explained 

ith a lower ejecta mass than calculated for the quasi-spherical 
ase. 

Nevertheless, the ejecta mass required to explain AT2019cmw’s 
bserv ed blackbody ev olution in this model is ∼ 8 . 5 times larger
han the highest estimate for their sample at an ejecta velocity of 

3 × 10 2 km s −1 . We note that this is below their appr o ximate
ower limit on the outflow velocity of ∼ 10 3 km s −1 for typical 
MBHs. Whilst we lack concrete observational evidence of an 

utflow of the kind described by the r epr ocessing -outflow model,
s we see continuously featureless spectra and a lack of detected
ate-time radio emission (as will be discussed in Section 7.5 ), this
s evidence that a large amount of material may be needed to
xplain AT2019cmw’s observed characteristics in the context of 
his model. 

This, combined with the high disrupted star masses estimated 

y our Redback models in Sections 5.1 and 5.3 , supports the
nterpretation that AT2019cmw may be the result of the tidal 
isruption of a high-mass star. 

 DISCUSSION  

.1 Disrupted star mass 

e can infer a conservative minimum value of ∼ 0 . 9 M � for the
ass of the disrupted star using the int egrat ed emitt ed energy

ost-peak found in Section 3.2 , assuming an accretion efficiency 
f 10 per cent. How ev er, although w e not e that our mass esti-
ates are dependent on assumptions for values such as η, κ and

he exact emission geometry of AT2019cmw, our model fits in 

ections 5.1 , 5.3 , and 6 suggest that AT2019cmw is the result
f the disruption of a star in the tens of solar masses. In these
odel fits, this interpretation is favoured to explain AT2019cmw’s 

ther observed features, such as its e xtr eme peak luminosity and
onsistently large blackbody radius. As seen in equation (1) from 

. Sarin & B. D. Metzger ( 2024 ), for example, the photospheric
MNRAS 546, 1–28 (2026) 
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M

Figure 14. MBH and disrupted star masses from AT2019cmw’s Red- 
back model fits and literature TDEs. 95 per cent confidence intervals 
for AT2019cmw as detailed in Sections 5.1 and 5.3 are display ed. Plott ed 
for comparison are AT2021lwx (B. M. Subr ay an et al. 2023 ), AT2023vto 
(H. Kumar et al. 2024 ), AT2020neh (C. R. Angus et al. 2022 ) and Dougie 
(J. Vinkó et al. 2014 ). The featureless TDEs from E. Hammerstein et al. 
( 2023 ), as well as the events with the highest predicted disrupted star 
masses from their TDE-H (AT2019ehz), TDE-He (AT2020ocn) and TDE- 
H + He (AT2019vcb) subclass, are also displayed in black and red, 
respectively. 
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adius in the model is proportional to the natural logarithm of 
he envelope mass. 

Fig. 14 shows the values from our model fits for AT2019cmw
rom Sections 5.1 and 5.3 compared to a subsample of TDEs and
andidate TDEs with well-measured estimates of the masses of 
he disrupted star and black hole from the literature. For com-
arison we chose the featureless TDEs from E. Hammerstein
t al. ( 2023 ) that appear spectroscopically similar to AT2019cmw,
s well as the events with the highest disrupted star masses es-
imated for each of their other thr ee spectr oscopic subclasses.

e also chose AT2023vto and AT2021lwx for comparison, recent
 ell-studied ev ents with notably high estimat es for the mass
f the disrupted star. Additionally, we show AT2020neh (C. R.
ngus et al. 2022 ) and Dougie (J. Vinkó et al. 2014 ), events

hat appear to show significant post-peak cooling, similar to
T2019cmw. Dougie also displays featureless spectra throughout

ts evolution. 
As can be seen in Fig. 14 , the disrupted star masses for

T2019cmw that we infer from our model fits are significantly
iffer ent fr om those found by E. Hammerstein et al. ( 2023 ) for
he featureless TDEs in their sample fit to the model from B.

ockler et al. ( 2019 ) using MOSFiT (J. Guillochon et al. 2018 ).
he events from E. Hammerstein et al. ( 2023 ) all converge to a
isrupted star mass of M ∗ < 10 M � despite being a similar peak

uminosity to AT2019cmw. They do however find that TDE-He
v ents conv erge on av erage t o a high disrupt ed star mass, with
 out of 3 of their TDE-He events converging to a stellar mass
f 10 - 20 M � in MOSFiT . They state that this is possibly because
NRAS 546, 1–28 (2026) 
hey r esult fr om the disruption of ev olv ed high mass stars. They
lso find three TDE H + He events that converge to disrupted
tar masses of � 10 M � in MOSFiT . The event AT2019ehz in their
ample also converged to a mass of ∼ 10 M � in MOSFiT despite
eing a TDE-H event. 

Another example is AT2021lwx, which is hypothesized by B.
. Subr ay an et al. ( 2023 ) to be a TDE of a ∼ 14 M � star. It was

lso categorized as an ENT by J. T. Hinkle et al. ( 2025 ), which
hey hypothesise are TDEs of 3 - 10 M � stars. How ev er, as not ed
y P. Wiseman et al. ( 2023 ), in which they e xplor e a non-TDE

nt erpretation of AT2021lwx, the ev ent displays AGN-like emis-
ion features. They find that it shows broad Balmer emission,
s well as emission features from magnesium, helium and car-
on, distinct from events in the TDE subclasses defined by S.
elzen et al. ( 2021 ). As we state in Section 4.2 , J. T. Hinkle et al.
 2025 ) hypothesise that the Mg II emission seen in ENTs such as
aia18cdj, shown in Fig. 4 for comparison, could be the result
f a pr e-e xisting g as r eservoir in close pr o ximity to the SMBH. It
s possible that the interaction of the stellar debris from a TDE
ith such a pr e-e xisting g as r eservoir could pr ovide an additional

our ce of luminosity, thus incr easing the appar ent disrupted star
ass r equir ed t o pow er the flare, but it is currently unknown
hether this is the case for ENTs. 
In the case of AT2019cmw, it is observationally a featureless

v ent y et still has a high estimat ed disrupt ed star mass. Although,
ny emission lines may be t oo w eak and/or broadened to be
et ect ed. Combined with the events discussed above, it is addi-
ional evidence that a v ariety of spectr al appear ances may result
rom TDEs of high mass stars, perhaps due to variations in the
volutionary stages of the disrupted stars or environment around
he disrupting SMBH. In the case of the TDE-He events from
. Hammerstein et al. ( 2023 ) and AT2023vto from H. Kumar
t al. ( 2024 ), which show helium in emission alongside a lack
f hydrogen, it is possible that the stars were stripped of their
y drogen env elopes prior t o disruption. If this was a result of 

he stars having ejected their outer layers after leaving the main
equence, as is the case for Wolf-Rayet stars (G. Meynet & A.

aeder 2003 ), spectral signatures of heavier elements such as
arbon, nitrogen and oxygen may be visible at other wavelengths
uch as the rest-frame UV. How ev er, as a high mass star would
pend a much smaller proportion of its lifetime off of the main
equence than on it, the likelihood of this being the case at the
ime of disruption is small. 

.1.1 Implications of a high mass star disruption 

he disruption of a star in the tens of solar masses by a SMBH
ould imply that there is ongoing massive star formation close

o the SMBH in AT2019cmw’s host, as these stars have lifetimes
f only a few million years or less (S. Ekström et al. 2012 ) and
o have a very limited time in which to be disrupted by the black
ole. AT2019cmw’s host appears to be red and poorly star form-

ng, so this raises questions about how the immediate vicinity of 
ts SMBH differs from the surrounding galaxy. If our estimate
f the disrupted star mass is correct, it suggests that accreted
nterg alactic g as, or perhaps an accr eted dwarf g alaxy, could have
aused a small region of massive star formation in the environ-
ent close to the SMBH. For instance, the formation of massive

tars has been observed at the heart of our own Galaxy, with
ozens of young massive star candidates found within the central
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.5 parsecs of the galactic centre by S. Nishiyama & R. Schödel
 2013 ). Smoothed particle hydrodynamic simulations from I. A. 
onnell & W. K. M. Rice ( 2008 ) have also showed that star forma-

ion fr om g as infalling into the envir onment ar ound the SMBH
an produce a population with a top-heavy IMF. 

Evidence of active massive star formation in early-type galaxies 
ay have been seen in the case of SN2006gy (E. O. Ofek et al.

007 ; N. Smith et al. 2007 ). The recent study from A. Jerkstrand,
. Maeda & K. S. Kawabata ( 2020 ) for instance suggests that a

ommon envelope ejection from the merger of a white dwarf and 

 massive hydrogen-rich star shortly before a Type Ia supernova 
ould explain its extreme luminosity. Centr ally concentr ated star 
ormation has also been observed in NGC 3182 (M. Pak et al.
023 ), as well as a centrally concentrated molecular outflow in
GC 1266 (K. Alatalo et al. 2011 ), both of which are nearby

arly-type lenticular galaxies. How ev er, it should be noted that for
GC 3182 and NGC 1266 these phenomena are associated with 

GN-driven outflows (K. Alatalo et al. 2015 ; M. Pak et al. 2023 ),
hereas we do not see evidence of an AGN in AT2019cmw’s host.

.2 Black hole mass 

s can be seen in Fig. 14 , we find values of M bh separated
y almost two orders of magnitude from our Redback cooling 
nvelope model fits from Sections 5.1 and 5.3 , at M bh ≈ 1 . 3 ×
0 7 M � and M bh ≈ 2 . 4 × 10 5 M � respectiv ely. As w e discuss in
ection 5.3 , combined with the discrepancy between our esti- 
ates of M bh and the independent high values of M bh found by Y.

ao et al. ( 2023 ) and A. Mummery et al. ( 2024 ) for AT2019cmw,
his suggests that at later times the cooling envelope may not
ccurately describe AT2019cmw’s evolution. Although it appears 
hat a high disrupted star mass may be r equir ed to explain
ur near-peak observations, as it ev olv es AT2019cmw may devi- 
te significantly from the physical assumptions in current TDE 

odels. 
Expanding our comparison to other similar events, such as the 

eatureless TDEs found by E. Hammerstein et al. ( 2023 ), (Y. Yao
t al. 2022 ) as well as the events in the sample by Y. Yao et al.
 2023 ) (E. Hammerstein et al. 2021 ; M. Chu, A. Dahiwale & C.
remling 2022 ), we find that these events are generally predicted 

 o hav e high black hole masses. E. Hammerst ein et al. ( 2023 )
ote that their host galaxies are significantly larger than those 
f other TDE subclasses in their sample, with their MOSFiT 

ts outputting significantly larger black hole masses. How ev er, 
ome events go against this trend. For example, the candidate 
eatureless TDE Dougie (J. Vinkó et al. 2014 ) appears to have 
 disrupting black hole mass of M bh = 1 . 95 +13.90 

-1.26 
× 10 5 M � from 

DEFit modelling (J. Guillochon, H. Manukian & E. Ramirez- 
uiz 2014 ), which is potential evidence against this being the case

or all of these events. A high black hole mass also doesn’t appear
o always result in a featureless event. As can be seen in Fig. 14 ,
he TDE-H + He AT2019vcb from E. Hammerstein et al. ( 2023 )
as a higher value of M bh from MOSFiT than all featureless TDEs

n their sample. AT2021lwx, which B. M. Subr ay an et al. ( 2023 )
nd is a TDE from a black hole with M bh = 1 . 7 ± 0 . 1 × 10 8 M �,
nd hypothesized by J. T. Hinkle et al. ( 2025 ) to be a TDE around
 high mass (> 10 8 M �) black hole, has a higher black hole mass
han all events from E. Hammerstein et al. ( 2023 ). Due to the
iv ersity of deriv ed black hole masses found for TDEs of various
pectral classes, whether there is a physical link between the mass
f the disrupting black hole and the spectr al appear ance of the
esulting TDE is currently uncertain. 
One possible reason for the diversity of derived black hole 
asses is systematic model differences. A comparison between 

alues of M bh for 5 TDEs derived using MOSFiT by E. Hammer-
tein et al. ( 2023 ), TDEmass by T. Ryu, J. Krolik & T. Piran ( 2020 )
nd the cooling envelope model in Redback is presented in table
 of N. Sarin & B. D. Metzger ( 2024 ). For 4 of these events, the
r edicted values ar e consist ent t o within an order of magnitude.
ow ev er, for the faint and fast ev ent AT2020w ey I. Arcavi et al.

 2020 ), P. Charalampopoulos et al. ( 2023 ) and E. Hammerstein
t al. ( 2023 ) find a value of M bh appr o ximately 2 orders of magni-
ude greater than T. Ryu et al. ( 2020 ) and N. Sarin & B. D. Metzger
 2024 ). 

Although AT2019cmw was found t o hav e a high black hole
ass by Y. Yao et al. ( 2023 ) and A. Mummery et al. ( 2024 ), the

iscrepancy between the values of M bh we find from our cooling
nvelope model fits means that we cannot confirm whether it 
ctually was the r esult of a TDE fr om a high mass SMBH. The
ase of AT2020wey presented by N. Sarin & B. D. Metzger ( 2024 )
uggests that for events at the e xtr eme ends of the TDE luminosity
istribution, such as AT2019cmw, our current models may not 
e able to accurately measure their black hole masses, and that
urther theoretical work is needed. 

.3 Photometric comparison to other TDEs 

n Fig . 14 , we compar e A T2019cmw to A T2021lwx (B. M. Sub-
 ay an et al. 2023 ; J. T. Hinkle et al. 2025 ) and AT2023vto (H.
umar et al. 2024 ), two other well-studied TDEs with high dis-

upted star mass estimates. AT2019cmw’s peak luminosity of 
og (L/ ergs −1 ) ∼ 45 . 6 that we measure in Section 3.2 is compa-
able to the luminosity of log (L/ ergs −1 ) = 45 . 7 for AT2021lwx
B. M. Subr ay an et al. 2023 ), and is significantly higher than
T2023vto’s value of log (L/ ergs −1 ) = 44 . 89 +0.02 

-0.03 
as measured by 

. Kumar et al. ( 2024 ). AT2019cmw’s peak temperature of T =
0 4 . 45 K is higher than the temperature of T = 10 4 . 30 K measured
y H. Kumar et al. ( 2024 ) for AT2023vto using spectral black-
ody fitting, how ev er they not e that this is a conservativ e low er

imit. AT2021lwx’s peak temperature of T ≈ 10 4 . 20 K is somewhat 
ower than both. In terms of integrated radiated energy over 
heir observ ed ev olution, A T2019cmw and A T2023vto emit simi-
ar energies of ∼ 1 . 7 × 10 52 erg and ∼ 1 . 8 × 10 52 erg ,respectively.
T2021lwx was measured by B. M. Subr ay an et al. ( 2023 ) to have

adiated ∼ 9 . 7 × 10 52 erg , a much higher total radiated energy
han AT2019cmw. Although this could suggest a higher disrupted 

tar mass, it could also be indicative of a higher accretion effi-
iency. It could also be due to shocks from collisions between
tellar debris and pr e-e xisting material ar ound the SMBH, as was
lready discussed in Section 7.1 . 

In Fig. 14 , we also show A T2019ehz, A T2020ocn and
T2019v cb, the ev ents from the TDE-H, TDE-He and TDE-
 + He subclasses respectively with the highest estimated dis- 

upted star masses in the sample from E. Hammerstein et al.
 2023 ). Notably, even though these events have higher estimates
or the mass of the disrupted star than the featureless TDEs
e x cluding AT2019cmw) they are less luminous at peak, with
eak bolometric luminosities between log (L/ ergs −1 ) ∼ 43 . 6 and 

og (L/ ergs −1 ) ∼ 44 . 0 . This is potential evidence that that a high
isrupted star mass is not what is primarily driving featureless 
DEs such as AT2019cmw to display such high luminosities, with 

ther factors such as higher accretion efficiency possibly being 
ore important. AT2019ehz and AT2019vcb are also cooler at 
MNRAS 546, 1–28 (2026) 
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M

Figur e 15. Temperatur es and luminosities at peak of AT2019cmw and 
featureless TDEs from the literature. The featureless TDEs from E. Ham- 
merstein et al. ( 2023 ) are shown in black, and the 3 featureless events 
from Y. Yao et al. ( 2023 ) are shown in red. The latter 3 events did not 
hav e associat ed uncertainties for their peak t emperatures and luminosi- 
ties. Dougie (J. Vinkó et al. 2014 ), shown in green, also did not have an 
uncertainty listed for its peak temperature. 
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eak than AT2019cmw and the featureless TDEs from E. Ham-
erstein et al. ( 2023 ), at ∼ 10 4 . 3 and ∼ 10 4 . 4 K, respectively. How-

ver AT2020ocn has a comparable peak temperature to the fea-
ureless TDEs at ∼ 10 4 . 5 K. The case of AT2020ocn shows that
eatureless spectra may not be a temperature dependent phe-
omenon. 
Whilst AT2019cmw has a peak temperature and luminosity

imilar to the featureless TDEs found by E. Hammerstein et al.
 2023 ), as can be seen in Fig. 5 , it seems to have evolved differently
fter peak. Its prompt cooling in the first 300 d post-peak is in
ontrast to their lack thereof, as they appear to stay at a constant
 emperature betw een ∼ 10 4 . 4 and ∼ 10 4 . 6 K. The evolution of 
T2019cmw’s inferred radius is also unlike other TDEs in this
lass, as they all display a decrease in their radius over time
hereas it does not. In the case of its fading, it appears to be
rimarily driven by cooling rather than a decrease in its radius
s previously seen in most other TDEs. 

As seen in Fig . 15 , e xpanding our comparison with other
eatureless TDEs paints a broader picture. The sample from Y.
ao et al. ( 2023 ) contains three additional featureless TDEs not

ncluded in E. Hammerstein et al. ( 2023 )’s sample. Of these,
T2020acka (E. Hammerstein et al. 2021 ) and AT2021yzv (M.
hu et al. 2022 ), have comparable peak luminosities to those just
iscussed at log (L/ ergs −1 ) = 45 . 44 and log (L/ ergs −1 ) = 45 . 01 re-
pectively. AT2021ehb (Y. Yao et al. 2022 ) how ev er has a peak
uminosity of log (L/ ergs −1 ) = 43 . 54 . As stated by Y. Yao et al.
 2022 ), this is evidence that featureless TDEs are not exclusively
verluminous, such as in E. Hammerstein et al. ( 2023 )’s sample.
lthough AT2019cmw is likely another example of an extremely

uminous featureless TDE, the rarity of this subclass means that
here is a selection bias towards finding more luminous events at
igh redshift. 
NRAS 546, 1–28 (2026) 
Other events also hint at additional possible photometric diver-
ity in this subclass. Y. Yao et al. ( 2023 ) for example finds TDEs
rom a wide variety of spectral classes with post-peak temperature
hange, with 11 TDEs in their sample showing significant uvw 2 −
 colour evolution. Another example is AT2020neh (C. R. Angus
t al. 2022 ), a fast-evolving TDE with br oad hydr ogen emission
hat displays significant post-peak temperature evolution. These
vents suggest that AT2019cmw’s featureless spectral appearance
nd its atypical blackbody t emperature ev olution are likely two
istinct and unrelated phenomena. 
Dougie (J. Vinkó et al. 2014 ) is an example of an unclassified

vent that shows similarities to AT2019cmw and the feature-
ess TDEs discussed abov e. It display ed a featureless continuum
hr oughout its entir e visible evolution, with only narr ow host
eatures visible at late times. Additionally, Dougie also cooled
r om ∼ 13 kK to ∼ 6 . 3 kK fr om 10 t o 36 d post-peak, similar t o
he cooling seen in AT2019cmw and AT2020neh (C. R. Angus
t al. 2022 ). How ev er, it was significantly less luminous at peak
han AT2019cmw and the featureless TDEs from E. Hammer-
tein et al. ( 2023 ), with L peak = 5 ± 1 × 10 44 erg s -1 . It was also
omewhat cooler than other featureless TDEs at peak at ≈ 16 kK .
otably, J. Vinkó et al. ( 2014 ) found that Dougie was offset from

ts host nucleus by ∼ 1 . 3 arcsec , which they state corresponds
o ∼ 3 . 9 kpc . This is in contrast to the nuclear locations of most
ther TDEs in the literature. 

.3.1 Luminous fast coolers as TDEs? 

ougie (J. Vinkó et al. 2014 ) has been speculated to be part
f a possible new class of rapidly evolving transients, termed

luminous fast coolers’ (LFCs) by M. Nicholl et al. ( 2023 ), with
 T2022aedm and A T2020bot (A. Y. Q. Ho et al. 2023 ) also pre-

ented as possible members of this class. These events appear
o displa y man y similarities to A T2019cmw. A T2022aedm for in-
tance reaches a peak luminosity of ∼ 10 45 erg s −1 and displays
pectra lacking broad emission features throughout its observed
volution. Notably, it cools post-peak from ∼ 30 kK to ∼ 4 kK
hilst appearing to show an expanding rather than contracting
hotosphere, and displays no significantly detected X-ray or radio
mission, with Dougie also being undet ect ed in X-ray (J. Vinkó
t al. 2014 ). All thr ee events also occurr ed in hosts with low SFRs.

How ev er, as stat ed by M. Nicholl et al. ( 2023 ), these ev ents are
ll significantly offset from their host galaxies’ nuclei. M. Nicholl
t al. ( 2023 ) also show that AT2022aedm’s spectra are not entirely
eatur eless, displaying narr ow emission featur es at early times
nd narrow absorption at late times, with A. Y. Q. Ho et al. ( 2023 )
lso finding that AT2020bot displays unidentified broad spectral
eatures. 

Although some char acteristics of LF Cs are in contrast to what
e find for AT2019cmw, their similarities are still notable. M.
icholl et al. ( 2023 ) speculate that LFCs may be caused by TDEs

rom int ermediat e or st ellar-mass black holes due t o their fast
volution and non-nuclear locations in their hosts. As a result,
T2019cmw may be related to this class of events, possibly rep-

esenting a ‘missing link’ between LFCs and previously clas-
ified TDEs. This, and the colour-changing TDEs discussed in
ection 7.3 , suggest that there may be ext ensiv e phot ometric in
ddition to spectral heterogeneity in TDEs. However, the physical
echanism that causes some TDEs to significantly redden in

ontrast to most other classified events is currently unknown. 
Due to their post-peak colour evolution and often ambigu-

us spectra, it is possible that other featureless and/or cool-
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ng AT2019cm w-lik e TDEs/LFCs may ha ve gone unclassified, 
r were misclassified as other classes of transients. AT2020bot, 
or example, was noted to have unidentified broad spectral fea- 
ures similar to Type Ic-BL SNe by A. Y. Q. Ho et al. ( 2023 ).
 larger sample of well-studied events is r equir ed to better de-

ermine the observational similarities and differences between 

hese subclasses. The ability t o accurat ely distinguish between 

hem photometrically will be essential to uncovering their driving 
echanisms, especially with the large number of expected TDE 

iscoveries from the upcoming Vera C. Rubin observatory (Z. 
vezi ́c et al. 2019 ; K. Bricman & A. Gomboc 2020 ). 

.4 Deviations from simple blackbody evolution in the UV 

s described in Section 3.3 , AT2019cmw’s u - g colour increases
t a high rate shortly after peak before slowing. For a simple
ooling blackbody, one would expect the rate of reddening in 

 − g to increase rather than decrease as the peak wavelength 

f the blackbody emission increases past the u -band, and the u -
and increasingly samples the Wien tail of a cooling black body. 
ne possibility is that we are observing emission from inhomo- 

eneous regions of material surrounding the black hole with dif- 
er ent temperatur es, rather than one homogeneous region with 

 single temperature. As we state in Section 3.2.1 , this possibility
otivat ed us t o att empt a multi-component blackbody fit to ex-

lain the potential underluminosity we see in the Swift UV bands
ompared with the optical. This did not result in an improvement
n our fits. 

J. Vinkó et al. ( 2014 ) also observed a UV underluminosity
n Dougie, similar to what we observe for AT2019cmw in Sec- 
ion 3.2.1 . One possible explanation that they suggested was the
ppearance of UV absorption features as seen in the case of PS1-
1af by R. Chornock et al. ( 2013 ). As seen in Fig. 4 , the spectra
hat we obtained from LRIS cover a large portion of the same
avelengths as the u -band filter on the LT ( 1950 Å to 2632 Å in

est-frame), and do not show any emerging absorption features. 
s such, this likely does not explain the rapid u -band fading

hat we observe from AT2019cmw. The physical origin of this 
ehaviour is ther efor e curr ently unknown. 

How ev er, the presence of UV absorption features at wave- 
engths not covered by our optical spectroscopy could poten- 
ially explain an underluminosity in the Swift UV bands that 
e find hints of in Fig. 6 . As can be seen in fig. 9 of T. Hung

t al. ( 2019 ), several TDEs display prominent UV spectral fea-
ures, both in absorption and emission between ∼ 1000 - 2000 Å. 
 notable example that they show is the TDE iPTF15af which, 

lthough its optical spectra presented with hydrogen and helium 

mission features superimposed on a blue continuum in contrast 
o AT2019cmw’s featureless spectra, showed broad UV absorp- 
ion tr oughs fr om elements such as o xy gen and carbon similar
o broad absorption line quasars (N. Blagorodnova et al. 2019 ). 
omprehensive UV spectral follow-up of a larger sample of TDEs 
ould be useful in determining how common such UV spectral 

eatur es ar e in TDEs. 
Potential UV absorption features are not taken into account in 

he model fits discussed in Sections 5.1 and 6 , although our Red-
ack model fit suggested significant host extinction/reddening. 
he presence of any UV absorption features could mean that 
ur value for host extinction, and thus our estimate for the lu-
inosity and disrupted star mass, are overestimated. As stated 

n Section 5.2 how ev er, when w e performed a fit to the Cooling
nvelope model using our derived blackbody luminosities from 
ection 3.2 that neglect any internal extinction or UV suppres-
ion, we still predict a high disrupted star mass. As our fit to
he r epr ocessing -outflow model in Section 6 was also performed
sing these same luminosities, we can conclude that any UV
uppression that may be present is not significantly affecting our 
stimates of the disrupted star mass. 

.5 Observational evidence of jets and outflows 

ev eral TDEs hav e been observ ed at e xtr eme luminosities in the
adio. Swift J164449.3 + 573451 (Y. Cendes et al. 2021 ) for example
ppears to show bright emission from on-axis jets, with its radio
uminosity e x ceeding 10 40 erg s -1 for over 1000 d post-first detec-
ion (Y. Cendes et al. 2024 ), ∼ 2 order of magnitude greater than
ur upper limit of νL ν = 2 . 8 × 10 38 erg s -1 for AT2019cmw from
ection 3.5 . Another event that Y. Cendes et al. ( 2024 ) discuss is
T2022cmc (I. Andreoni et al. 2022 ), which has a radio luminos-

ty evolution so far very similar to Swift J164449.3 + 573451 and
s thought to also possess an on-axis jet. Optically, AT2022cmc is
 useful comparison event in this context, as I. Andreoni et al.
 2022 ) and E. Hammerstein et al. ( 2025 ) note that after its initial
ast -fading red light -curve it displays a blue, optically luminous
lateau with featureless spectra. They suggest a possible link be- 
ween TDEs with relativistic jets and the featureless TDEs from 

he sample by E. Hammerstein et al. ( 2023 ). Just as we do not
ee evidence in the radio, we do not see evidence of jetted optical
mission for AT2019cmw as was the case for AT2022cmc. How- 
ver, this only provides evidence against the presence of on-axis 
etted emission in AT2019cmw, as an off-axis jet at a large viewing
ngle would not display the same observational characteristics as 
hown by AT2022cmc. 

I. Andreoni et al. ( 2022 ) state in their study of AT2022cmc that
hen correcting for beaming effects, the rate that they calculate 

or on-axis relativistic TDEs means that ∼ 1 per cent of TDEs pro-
uce relativistic jets. How ev er, Y. Cendes et al. ( 2024 ) observed 23
ptically selected TDEs, and detected 10 with radio emission (that
id not come from star formation in the host or a pre-existing
GN) with luminosities ranging from 10 37 10 39 erg s -1 . They state

hat their observations are at odds with off-axis relativistic jets be-
ng able to explain this population of TDEs, and suggest that the
mission instead may be explained by a non-relativistic outflow 

r om pr ocesses such as late-time disc formation. As can be seen
n fig. 1 of Y. Cendes et al. ( 2024 ), some events in their sample
re det ect ed at luminosities an order of magnitude fainter than
ur upper limit for AT2019cmw at similar times. As such, our
pper limit is relatively non-constraining in this context. How- 
v er, some ev ents in their sample such as ASASSN-14ae (T. W.
. Holoien et al. 2014 ; J. L. Prieto et al. 2014 ) and AT2018hyz (I.
rcavi 2018 ; Y. Cendes et al. 2022 ) w ere det ect ed at much later

imes than our observations, with their luminosities continuing 
 o rise ov er time. ASASSN-14ae for instance was first det ect ed in
adio 2313 days post-optical discovery by Y. Cendes et al. ( 2024 ),
ith its luminosity increasing to ∼ 10 38 erg s -1 930 d later, which

s approaching our upper limit for AT2019cmw. 
Although we place tight constraints on the presence of an on-

xis jetted component for AT2019cmw, one that is significantly 
ff-axis cannot be ruled out. We also cannot discount that there
 as r adio emission pr esent fr om a non-r elativistic late-launched
utflow below our detection limit, or that it may become sig-
ificantly detectable at later times. As such, continued late-time 
adio monitoring of AT2019cmw and other similar events is war- 
anted. 
MNRAS 546, 1–28 (2026) 
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 CONCLUSIONS  

e hav e present ed a comprehensiv e analysis of the e xtraor di-
ary spectr oscopically featur eless nuclear transient AT2019cmw.
ollowing an intense photometric and spectroscopic follow-up
ampaign, we found it to have a peak luminosity of L peak ∼
0 45 . 6 erg s −1 from blackbody SED fitting, making it one of the
ost luminous thermal transients ever discovered. Its post-peak

hot ometric ev olution is peculiar when compared with most
ther TDEs. Additionally, our model fits to its photometry and
uminosity evolution imply the involvement of a massive star in
lose pr o ximity to its host’s SMBH. 

(i) Although AT2019cmw’s relatively fast rise, e xtr eme lumi-
osity and post-peak cooling could theoretically be explained
ith the scenario of a highly superluminous supernova, the com-
ination of its lack of visible spectral features throughout its evo-

ution as well as its blackbody temperature and radius evolution
ake it difficult to explain in this context. The host galaxy’s SED

rom Y. Yao et al. ( 2023 ), the lack of any det ect ed AGN spectral
ines and the absence of significant det ect ed activity attributable
o an AGN in forced photometry also suggests that it is unlikely
hat there is a preexisting AGN in the host. This, alongside its blue
olour at peak and t −5 / 3 power -la w luminosity decline post-peak,
s consistent with AT2019cmw being a peculiar featureless TDE. 

(ii) Our cooling envelope model fits in Sections 5.1 and 5.3
onv erge t o SMBH masses that deviat e by ∼ 2 or ders of mag -
itude. As w e stat e in Section 7.2 , this implies that the physi-
al assumptions in current TDE models are not sufficient to ex-
lain the phot ometric ev olution of AT2019cmw, especially at later
imes. This is also highlighted by our difficulty in r epr oducing
T2019cm w’s post -peak colour evolution in our fit of its multi-
and photometry in Section 5.1 . Alongside the previously noted
ystematic differences between parameters estimated by different
DE models for the e xtr eme ev ent AT2020w ey (N. Sarin & B. D.
etzger 2024 ), this suggests that additional theoretical work is

eeded to improve current TDE models. 
(iii) We determine a conservative lower-limit of ∼ 0 . 9 M � for

he mass of the disrupted star from a measured radiated energy
f ∼ 1 . 7 × 10 52 erg . How ev er, our phot ometric fits using both
he ‘ cooling en velope’ and ‘r epr ocessing -outflow’ models suggest
hat AT2019cmw was the result of the disruption of a > 10 M �
tar. Although our models may be somewhat overestimating the
ass of the disrupted star when compared to reality its physical

haracteristics, such as its consistently large blackbody radius,
uggest that a high mass star is likely r equir ed to e xplain our
bservations of AT2019cmw. A TDE of a high mass star suggests
hat although AT2019cmw’s host is broadly poorly star forming,
t may possess a region of active star formation close to its SMBH,
ot entially due t o accret ed int ergalactic gas. Our high estimate
or AT2019cmw’s disrupted star mass, in addition to the potential
DEs of high mass stars from E. Hammerstein et al. ( 2023 ), J. T.
inkle et al. ( 2025 ), and P. Wiseman et al. ( 2025 ), could point to
 top-heavy IMF in close pr o ximity to some SMBHs, as suggested
y the simulations from I. A. Bonnell & W. K. M. Rice ( 2008 ). 

(iv) AT2019cmw’s SED shows a transient near-UV underlu-
inosity shortly post-peak, as was seen in the candidate-TDE
ougie (J. Vinkó et al. 2014 ). It also appears to show u − g red-
ening at a faster rate than is expected for a simple cooling black-
ody. The physical origins of these behaviours are currently un-
nown. This points to the need for comprehensive UV photomet-
ic follow-up of similar events, as well as UV spectroscopic follow-
NRAS 546, 1–28 (2026) 
p, in order to probe for deviations from a simple blackbody SED
nd/or the presence of absorption features in the UV. 

(v) Our radio upper-limit of νL ν < 2 . 8 × 10 38 erg s -1 at 971 d
ost-peak in rest frame, as well as the lack of an initial red, fast-
ading phase of its optical light-curve as was seen in the case of 
T2022cmc (I. Andreoni et al. 2022 ), places tight constraints on

he presence of any early on-axis relativistic jetted emission from
T2019cmw. How ev er, observations from Y. Cendes et al. ( 2024 )

uggest that some TDEs can first display rising radio emission
housands of days post-first optical detection, possibly from non-
elativistic outflows. This points to the need for continuing deep
 adio follow -up of AT2019cmw and other similar events in order
o search for evidence of late-launched outflows that may become
isible at later times. 

(vi) Our Swift XR T X -ray upper limit of � 3 × 10 43 erg s -1 , ob-
erv ed betw een ∼ 12 and ∼ 54 d post-peak in AT2019cm w’s rest -
rame, is not particularly constraining on the presence of X-
ay emission. How ev er, the ratio betw een AT2019cmw’s deriv ed
lackbody luminosity and its X-ray luminosity ( L BB /L X ) upper

imit was ∼ 50 - 100 . In comparison, 6 out of 8 of the X-ray det ect ed
DEs observed in the sample from E. Hammerstein et al. ( 2023 ) at
 similar time post-peak showed L BB /L X � 50 . This implies that
T2019cmw was not an X-ray luminous event at the time of our
bservations. 

(vii) Alongside other similar events, its atypical post-peak
lackbody temperature and radius evolution possibly points to
he presence of significant photometric heterogeneity in the TDE
andscape. AT2019cmw possibly r epr esents a ‘missing link’ be-
ween TDEs and the recently categorized LFCs, which M. Nicholl
t al. ( 2023 ) speculate may be peculiar TDEs from IMBHs or
tellar mass black holes. 

We have found AT2019cmw to be an e xtr eme event in many
spects, with few analogous events in the literature. Our model
stimates of a high disrupted star mass, if correct, point to the pos-
ibility that TDEs could provide a unique window from which we
ould probe star formation in close pr o ximity to their host galax-
es’ SMBH. How ev er, our redback fits hav e highlight ed the dif-
culties in measuring SMBH masses by fitting light-curves using
urrent TDE models, suggesting that additional theoretical work
s currently needed t o improv e their ph ysical accuracy. Man y
f the driving mechanisms behind aspects of AT2019cmw’s and
ther atypical TDEs’ evolution are also currently unknown, such
s what causes the presentation of featureless spectra, and why
ome TDEs appear to cool post-peak whilst others do not. With
 35000 new TDE discoveries e xpected fr om the Vera C. Rubin

bservatory (Z. Ivezi ́c et al. 2019 ; K. Bricman & A. Gomboc 2020 ),
nd observatories such as the La Silla Schmidt Southern Survey
LS4; A. A. Miller et al. 2025 ) due to begin science operations
n the near futur e, many mor e AT2019cm w-lik e events will soon
e discovered. Significantly increasing our sample size of well-
tudied edge cases such as AT2019cmw will allow us to probe the
imits of current TDE models. It will also allow us t o bett er study
he observational similarities and differences between peculiar
nd ‘normal’ TDEs, improving our understanding of both sub-
opulations, as well as enabling us to refine our photometric
ltering methods when separating TDEs and supernovae. 
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upplementary data are available at MNRAS online. 

T2018jbv_paperphotometry.csv 

T2019cmw_paperphotometry.csv 

lease note: Oxford University Press is not responsible for the 
ontent or functionality of any supporting materials supplied by 
he authors. Any queries (other than missing material) should be 
irect ed t o the corresponding author for the article. 
P P E N D I X  A:  S U P P L E M E N TARY  DATA  

AB L E S  

hotometry of AT2019cmw, and supplementary LT photometry 
f AT2018jbv, ar e pr esented in Tables A1 and A2 , r espectively.
lackbody paramet ers deriv ed using the methods described in 

ection 3.2 for AT2019cmw and AT2018jbv are presented in Ta- 
les A3 and A4 . 

 able A1. Optical/UV photometry of A T2019cmw. We list only the first
en entries of AT2019cmw’s photometry here, the full data are available
n the supplementary online content. 

JD mag magerr band instrument 

8594.143710 18.709 0.099 g LT 

8598.226021 18.706 0.043 g LT 

8603.229402 18.731 0.048 g LT 

8603.101068 18.750 0.044 g LT 

8607.077287 18.781 0.039 g LT 

8608.207288 18.833 0.038 g LT 

8611.058513 18.805 0.036 g LT 

8613.151103 18.858 0.036 g LT 

8615.073996 18.930 0.039 g LT 

8617.212955 18.992 0.038 g LT 

able A2. Supplementary LT photometry of AT2018jbv. We list only the
rst ten entries of AT2018jbv’s photometry here, the full data are available

n the supplementary online content. 

JD mag mag err band telescope 

8547.047175 19.332 0.073 g LT 

8566.029862 19.293 0.167 g LT 

8584.987308 19.509 0.074 g LT 

8595.002000 19.484 0.124 g LT 

8879.239850 20.749 0.095 g LT 

8896.150785 20.863 0.079 g LT 

8925.070166 20.932 0.080 g LT 

8959.973530 21.126 0.086 g LT 

8985.930979 21.070 0.082 g LT 

9024.922616 21.092 0.091 g LT 
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Table A3. Blackbody characteristics of AT2019cmw derived using the methods described in Section 3.2 . 

Phase Temperature Temperatur e err or Radius Radius error Luminosity Luminosity error 
Days from peak (rest frame) log(T / K) log(T / K) log(R/ cm) log(R/ cm) log(L / ergs −1 ) log(L / ergs −1 ) 

−21.659 4.451 0.047 14.990 0.030 44.639 0.116 
−20.342 4.451 0.047 15.130 0.020 44.918 0.100 
−15.076 4.451 0.047 15.363 0.007 45.382 0.095 
−14.417 4.451 0.047 15.367 0.011 45.393 0.096 
−11.784 4.451 0.047 15.413 0.006 45.483 0.095 
−3.884 4.451 0.047 15.471 0.003 45.599 0.094 
−2.567 4.451 0.047 15.473 0.006 45.605 0.095 
−1.909 4.451 0.047 15.475 0.002 45.608 0.094 
4.674 4.441 0.039 15.466 0.036 45.550 0.171 
7.966 4.463 0.045 15.434 0.040 45.572 0.198 
10.599 4.478 0.020 15.413 0.021 45.590 0.091 
13.232 4.514 0.054 15.375 0.046 45.659 0.234 
14.549 4.284 0.010 15.594 0.016 45.175 0.050 
15.866 4.439 0.038 15.427 0.036 45.461 0.169 
20.474 4.251 0.037 15.646 0.091 45.151 0.233 
22.449 4.300 0.055 15.547 0.061 45.148 0.254 
23.766 4.277 0.009 15.561 0.013 45.082 0.046 
26.399 4.354 0.019 15.462 0.024 45.192 0.091 
44.832 4.166 0.044 15.573 0.058 44.661 0.212 
52.074 4.171 0.027 15.561 0.036 44.659 0.130 
63.265 4.182 0.013 15.501 0.021 44.584 0.067 
98.157 4.052 0.029 15.634 0.050 44.332 0.153 
115.932 4.131 0.065 15.502 0.100 44.382 0.326 
146.215 4.047 0.023 15.570 0.040 44.179 0.121 
203.489 3.930 0.045 15.704 0.093 43.982 0.260 
210.072 3.986 0.029 15.564 0.055 43.927 0.159 
229.164 4.017 0.041 15.447 0.082 43.814 0.232 
242.989 3.891 0.054 15.707 0.118 43.832 0.319 
296.313 3.836 0.057 15.704 0.130 43.604 0.345 

Table A4. Blackbody characteristics of AT2018jbv derived using the methods described in Section 3.2 . The phase of each fitted epoch is set according 
to the peak time of MJD 58469.19 for AT2018jbv from E. Hammerstein et al. ( 2023 ). 

Phase Temperature Temperatur e Err or Radius Radius Error Luminosity Luminosity Error 
days from peak (rest frame) log(T / K) log(T / K) log(R/ cm) log(R/ cm) log(L / ergs −1 ) log(L / ergs −1 ) 

53.590 4.463 0.028 15.210 0.041 45.123 0.141 
58.067 4.452 0.083 15.158 0.071 44.977 0.359 
68.515 4.425 0.029 15.229 0.043 45.012 0.145 
72.246 4.274 0.133 15.346 0.130 44.640 0.593 
78.963 4.398 0.037 15.228 0.060 44.902 0.191 
84.187 4.397 0.037 15.232 0.060 44.905 0.191 
85.679 4.414 0.102 15.152 0.089 44.811 0.444 
89.410 4.338 0.031 15.333 0.053 44.872 0.163 
93.888 4.424 0.138 15.152 0.112 44.854 0.596 
94.634 4.596 0.104 14.972 0.087 45.180 0.450 
114.784 4.219 0.303 15.336 0.194 44.400 1.273 
158.813 4.325 0.039 15.214 0.067 44.581 0.207 
305.828 4.557 0.207 14.785 0.129 44.652 0.866 
318.515 4.465 0.132 14.844 0.103 44.399 0.567 
340.157 4.347 0.100 14.944 0.092 44.127 0.439 
365.530 4.333 0.124 14.919 0.116 44.022 0.548 
384.933 4.498 0.263 14.788 0.158 44.423 1.097 
414.037 4.540 0.219 14.729 0.129 44.469 0.912 
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P P E N D I X  B :  COOLING  E N V E LOP E  MODEL  

O S  T E R I O R  D I S  T R I B U T I O N S  

ig. B1 shows the full posterior distribution inferred by our cool- 
ng envelope model fit to AT2019cmw’s multiband photometry, as 
etailed in Section 5.1 . Fig. B2 also shows the full posterior distri-
ution inferred by our fit to our derived bolometric luminosities 
or AT2019cmw from Section 3.2 , as detailed in Section 5.3 . 
Figur e B1. Inferr ed parameters fr om our model fit detailed in Sect
MNRAS 546, 1–28 (2026) 

ion 5.1 . Plot made using corner (D . F oreman-Mackey 2016 ). 
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Figur e B2. Inferr ed parameters fr om our model fit detailed in Section 5.3 . Plot made using corner (D . F oreman-Mackey 2016 ). 
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Figure C2. Photospheric blackbody temper atures ( top ), r adii ( middle ) 
and luminosities ( bott om ) predict ed for AT2019cmw by our model fit 
from Section 5.3 up to 300 d post -en velope formation. 
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P P E N D I X  C :  COOLING  E N V E LOP E  MODEL  

R E D I C  T E D  CHARAC  T E R I ST I C S  

igs C1 and C2 show the photospheric blackbody characteristics 
redicted by our cooling envelope model fits from Sections 5.1 
nd 5.3 , respectively. We also present proxy X-ray luminosities 
redicted by our model fit from Section 5.1 in Fig. C3 . 

igure C1. Photospheric blackbody temper atures ( top ), r adii ( middle ),
nd luminosities ( bott om ) predict ed for AT2019cmw by our model fit
rom Section 5.1 up to 300 d post -en velope formation. 
MNRAS 546, 1–28 (2026) 
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