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A B S T R A C T 

We study AT2024kmq and AT2024lhc, two tidal disruption events (TDEs) with blue featureless spectra associated with 

high-mass black holes ( MBH 

∼ 108 M�). Both events show optical precursors consistent with shock dissipation from stream 

self-intersection. Their X-ray emission is luminous ( LX ∼ 1044 erg s−1 ), highly variable (with minimum observed variability 
time-scales of 1.3 and 4.8 h for factor of ∼3 flux changes), long-lasting ( > 1 yr), emerging no later than the optical peak, 
and well characterized by power laws with 1 . 7 < � < 3 (where fν ∝ ν1 −�). The X-ray properties and radio non-detections 
support a compact corona ( � 10 rg ) producing Comptonized X-ray emission. Using all published featureless TDEs, we find 
statistically significant bimodality in the distribution of their peak ultraviolet/optical blackbody luminosities and radii. We 
assemble a comparison TDE sample with early-time X-ray observations with eROSITA, in which we find different MBH 

distributions in TDEs with different X-ray spectral evolution properties: low-mass black holes ( MBH 

∼ 106 M�) remain soft 
( � > 4 ) within t � 2 yr, intermediate masses ( ∼ 107 M�) transition from soft to hard at ∼1 yr, while high masses ( ∼ 108 M�) 
are hard ( 1 . 5 < � � 3 ) from the outset. We interpret this result as evidence that the soft-to-hard state transition in TDEs 
occurs at the critical threshold of Ṁacc ∼ 0 . 03ṀEdd (similar to X-ray binaries), using the fact that the transition time-scale 
predicted by simple disc theory scales with black hole mass as ttr ∝ M−3 / 4 

BH 

. 

Key words: accretion – black hole physics – galaxies: nuclei – transients: tidal disruption events. 
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 INTRODUCTION  

idal disruption events (TDEs) occur when a star passes suffi- 
iently close to a massive black hole (MBH) to be torn apart by
idal forces. The canonical tidal disruption radius 

T = R� (MBH /M� )1 / 3 = 3 . 2 × 1013 M1 / 3 
BH , 8 (ρ� /ρ�)−1 / 3 cm , (1) 

here MBH , 8 ≡ MBH / (108 M�) ; R� , M� , and ρ� are radius, mass, 
nd mean density of the star. First theoretically predicted in the
970s (J. G. Hills 1975 ; J. H. Lacy, C. H. Townes & D. J. Hollenbach
982 ), early observational candidates were identified in the soft 
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-ray (e.g. S. Komossa & N. Bade 1999 ), where emission origi-
ates from the inner accretion disc. In recent years, optical time-
omain surveys have come to dominate TDE discoveries. 
In TDEs, the mass fall-back rate is expected to follow a power-

aw decline Ṁfb ∝ t−5 / 3 (M. J. Rees 1988 ; E. S. Phinney 1989 ).
ass accretion on to the BH is delayed since it takes time for
aterial to redistribute its angular momentum. Nevertheless, the 
ass accretion rate still varies by orders of magnitude over time-
cales of years (see appendix A of A. Mummery et al. 2025b ). This
apid evolution makes TDEs ideal testbeds for whether MBHs 
ndergo accretion state transitions analogous to those observed 
n stellar-mass X-ray binaries (XRBs). 
During the outbursts of transient BH XRBs, the systems transi- 

ion between distinct spectral states as the accretion rate evolves. 
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/by/4.0/), which permits unrestricted reuse, distribution, and

https://doi.org/10.1093/mnras/stag920
http://orcid.org/0000-0001-6747-8509
http://orcid.org/0000-0002-7706-5668
http://orcid.org/0000-0003-4768-7586
http://orcid.org/0000-0002-5063-0751
http://orcid.org/0000-0003-3765-6401
http://orcid.org/0000-0002-1568-7461
http://orcid.org/0000-0002-0568-6000
http://orcid.org/0000-0003-1386-7861
http://orcid.org/0000-0002-8297-2473
http://orcid.org/0000-0001-5674-8403
http://orcid.org/0000-0002-4269-7999
http://orcid.org/0009-0002-9727-8326
http://orcid.org/0000-0002-9364-5419
http://orcid.org/0000-0002-5698-8703
http://orcid.org/0000-0002-0129-806X
http://orcid.org/0000-0002-9017-3567
http://orcid.org/0000-0003-2868-489X
http://orcid.org/0000-0002-0273-218X
http://orcid.org/0000-0002-2249-0595
http://orcid.org/0000-0002-2235-3347
http://orcid.org/0009-0006-0726-1328
http://orcid.org/0000-0002-2555-3192
http://orcid.org/0000-0001-8472-1996
http://orcid.org/0000-0003-0427-8387
http://orcid.org/0000-0001-9915-8147
http://orcid.org/0000-0002-6527-1368
http://orcid.org/0000-0003-1546-6615
http://orcid.org/0000-0001-8426-5732
http://orcid.org/0000-0003-0733-2916
http://orcid.org/0000-0002-8262-2924
http://orcid.org/0000-0003-0228-6594
http://orcid.org/0000-0002-3168-0139
http://orcid.org/0000-0003-3367-3415
http://orcid.org/0000-0002-0987-3372
http://orcid.org/0000-0002-5619-4938
http://orcid.org/0000-0003-2242-0244
http://orcid.org/0000-0002-9380-8708
http://orcid.org/0000-0003-1227-3738
http://orcid.org/0000-0001-7648-4142
mailto:yuhanyao@berkeley.edu
https://creativecommons.org/licenses/by/4.0/


2 Y. Yao et al.

M

A  

w  

i  

(  

(  

i  

J  

M  

w

r

W  

o  

N  

a
 

w  

d  

I  

a  

i  

d  

&  

h  

p  

T
 

s  

m  

2

m

w  

1  

α  

S  

P  

o  

t  

o  

E  

M
 

s  

Y  

e  

T  

q
 

s  

T  

n  

H  

t  

(  

H  

l  

i  

s  

m  

C

 

e  

t  

a  

1  

2  

s  

c  

i  

b  

e  

(  

w
 

T  

(  

d  

s  

T  

O  

r  

e
 

e  

b  

s  

e  

d  

o  

l  

y  

o
w  

e  

M  

e  

e  

b
 

f  

t  

B  

b  

e  

s  

l  

fi  

a  

s  

M  

L  

T  

1  

i  

o  

h  

t  

O  

e  

d  

t  

m  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/549/2/stag920/8692869 by Liverpool John M
oores U

niversity user on 10 June 2026
t high accretion rates, systems are in the high soft state (HSS),
here X-ray emission is dominated by thermal disc radiation. The
nner disc radius is located at the innermost stable circular orbit
ISCO). At low accretion rates, they occupy the low hard state
LHS), characterized by power-law spectra from Comptonization
n a hot corona with photon index � ∼ 1 . 5 –2.0 (R. A. Remillard &
. E. McClintock 2006 ; C. Done, M. Gierliński & A. Kubota 2007 ;
. Gilfanov 2010 ). Here, the inner disc is truncated at rtr > 102 rg ,
here the gravitational radius is 

g = GMBH 

c2 
= 1 . 5 × 1013 MBH , 8 cm . (2) 

ithin rtr there exists a hot accretion flow, and the exact value
f rtr likely depends on the mass accretion rate (F. Yuan & R.
arayan 2004 , 2014 ). At sufficiently low rates, the thin disc is
bsent. 
Between the HSS and the LHS lies the intermediate state (IMS),
here the X-ray spectrum has comparable contributions from
isc and power-law components and � softens to 2.0–2.5. The
MS is further divided into the hard intermediate state (HIMS)
nd soft intermediate state (SIMS). The HIMS → SIMS transition
s associated with the optically thick, geometrically thin accretion
isc extending inwards to replace the hot accretion flow (F. Yuan
 R. Narayan 2014 ), and with crossing of the ‘jet line’ on the
ardness–intensity diagram, where compact jet radio emission
eaks during the HIMS and collapses in the SIMS (R. P. Fender,
. M. Belloni & E. Gallo 2004 ; T. M. Belloni 2010 ). 
The transition between soft states (HSS and SIMS) and hard
tates (LHS and HIMS) is expected to occur around a critical di-
ensionless accretion rate (F. Yuan & R. Narayan 2014 , equation
7) 

˙  ≡ Ṁacc /ṀEdd ≈ (0 . 06- 0 . 08) α, (3) 

here Ṁacc is the accretion rate, ṀEdd ≡ LEdd / (0 . 1 c2 ) , LEdd =
 . 26 × 1038 (MBH / M�) erg s−1 is the Eddington luminosity, and
is the ‘viscous’ nuisance parameter of N. I. Shakura & R. A.
unyaev ( 1973 ). For typical values of α ∼ 0 . 1 –0.4 (A. R. King, J. E.
ringle & M. Livio 2007 ), this yields ṁ ∼ 0 . 01 –0.03. Observations
f BH XRBs are roughly consistent with this expectation: the soft-
o-hard state transitions occur at ∼0.005–0.1 LEdd with a mean
f 0 . 03 LEdd (T. J. Maccarone 2003 ; R. J. H. Dunn et al. 2010 ; B.
. Tetarenko et al. 2016 ; A. Vahdat Motlagh, E. Kalemci & T. J.
accarone 2019 ). 
Recent observations suggest that at least some TDEs exhibit
tate transitions (P. G. Jonker et al. 2020 ; T. Wevers et al. 2021 ; Y.
ao et al. 2022 ; M. Guolo et al. 2024 ; A. Hajela et al. 2025 ; V. Berger
t al. 2026 ), but whether this phenomenon is universal across the
DE population, and how it depends on MBH and ṁ , remain open
uestions. 
In the optical band, TDEs exhibit distinctive observational
ignatures that distinguish them from other nuclear transients.
heir peak optical luminosities span a range similar to super-
ovae (SNe), with −17 � Mg, peak � −23 (Y. Yao et al. 2023 ).
owever, unlike SNe, TDEs maintain persistently hot tempera-
ures: blackbody fits to UV/optical spectral energy distributions
SEDs) yield Tbb ∼ few × 104 K throughout their evolution (E.
ammerstein et al. 2023a ), with minimal colour evolution. At
ate times (months to years post-peak), TDEs exhibit a character-
stic UV/optical plateau phase that is consistent with a viscously
preading outer accretion disc (S. van Velzen et al. 2019 ; A. Mum-
ery & S. A. Balbus 2020 ; A. Mummery et al. 2024 ; Y. Alush, N.
. Stone & S. van Velzen 2025 ; M. Guolo et al. 2025 ). 
NRAS 549, 1–24 (2026)
The optical spectra of many TDEs are characterized by broad
mission lines of hydrogen, helium, and Bowen fluorescence fea-
ures (see a thorough analysis of spectral evolution by P. Char-
lampopoulos et al. 2022 ). Using 17 TDEs selected from the first
.5 yr of the Zwicky Transient Facility (ZTF; E. C. Bellm et al.
019 ; M. J. Graham et al. 2019 ; R. Dekany et al. 2020 ) optical
ky survey, S. van Velzen et al. ( 2021 ) proposed a spectroscopic
lassification scheme with three main classes: (i) TDE-H, exhibit-
ng broad H α and H β emission lines; (ii) TDE-H + He, showing
road Balmer lines plus a broad He ii λ4686 complex, with most
vents also displaying Bowen fluorescence features (N iii , O iii );
iii) TDE-He, characterized by broad He ii λ4686 emission only,
ith no broad Balmer lines. 
E. Hammerstein et al. ( 2023a ) expanded the sample to 30
DEs from the first 2.5 yr of ZTF and identified a fourth class:
iv) TDE-featureless, characterized by a blue continuum with no
iscernible emission or absorption features. Additionally, earlier
tudies have associated a fraction of coronal line emitters with
DEs (e.g. S. Komossa et al. 2008 ; T.-G. Wang et al. 2011 , 2012 ; F.
nori et al. 2022 ). This TDE-coronal spectroscopic class was also
ecovered through a retrospective search of TDEs in ZTF (Y. Yao
t al. 2023 ). 
The four TDE-featureless events presented in E. Hammerstein
t al. ( 2023a ) are all exceptionally luminous, with rest-frame g-
and absolute magnitude −23 � Mg, peak � −20 . 5 , where intrin-
ic TDE rates are low (Y. Yao et al. 2023 ). Consequently, these
vents are typically discovered at high redshifts ( z > 0 . 1 ). I. An-
reoni et al. ( 2022 ) suggested this population might harbour
ff-axis jets, as the UV/optical properties of luminous feature-
ess TDEs and jetted TDEs are similar (see also spectral anal-
sis in E. Hammerstein et al. 2026 ). However, radio follow-up
bservations of a sample of eight overluminous TDEs (five of 
hich are featureless) found no evidence of off-axis jets (Y. Yao
t al. 2025 ). Recently, several subluminous featureless TDEs with
g, peak � −18 have been identified (Y. Yao et al. 2022 ; J. Zhu
t al. 2025 ), raising the question of whether the featureless class
xhibits a continuous luminosity distribution or is intrinsically
imodal. 
Understanding the population of luminous, spectroscopically

eatureless TDEs is of vital importance for several reasons. First,
hese events dominate the TDE population around high-mass
Hs ( MBH ∼ 108 M�), where rT (equation 1 ) becomes compara-
le to rg (equation 2 ). In this regime, general relativistic (GR)
ffects fundamentally shape the debris dynamics and energy dis-
ipation. Luminous featureless TDEs therefore provide unique
aboratories for testing shock and accretion physics in the strong-
eld limit. Second, at the high-mass end, measuring TDE rates
s a function of BH mass constrains the event horizon suppres-
ion effect, which depends on both BH spin and stellar age (A.
. Beloborodov et al. 1992 ; M. Kesden 2012 ; D. J. D’Orazio,
oeb & Guillochon 2019 ; E. R. Coughlin & C. J. Nixon 2022 ; H.-
. Huang & W. Lu 2024 ). The observed rate decline at MBH >

07 M� thus probes the average spin of MBHs in quiescent galax-
es (P. Du et al. 2022 ) – a quantity difficult to measure through
ther means. Finally, luminous TDEs will dominate samples at
igh redshift, where only the most energetic events remain de-
ectable. Next-generation surveys, particularly the Vera C. Rubin
bservatory’s Legacy Survey of Space and Time (LSST; Ivezić
t al. 2019 ) and the Nancy Grace Roman Space Telescope , will
iscover hundreds to thousands of such events at z > 1 . However,
he current sample remains small ( ∼ 10 events), with limited
ultiwavelength characterization. Establishing a comprehensive



AT2024lhc and AT2024kmq as featureless TDEs 3

Table 1. Basic information for the two TDEs. 

Parameter AT2024kmq AT2024lhc 

ZTF name ZTF24aapvieu ZTF24aaoxmyb 
t0 (MJD) 60460.24495 60424.40988 
z 0.192 0.2045 
EB −V, MW 

(mag) 0.0169 0.0233 
NH , MW 

( cm−2 ) 1 . 77 × 1020 2 . 34 × 1020 
log( Mgal / M�) 11 . 22+0 . 03 

−0 . 04 11 . 39+0 . 05 
−0 . 06 

EB −V, host (mag) 0 . 016+0 . 022 
−0 . 011 0 . 027+0 . 020 

−0 . 016 
σ∗ (km s−1 ) 181 ± 21 230 . 5 ± 19 . 8 
log( MBH / M�) a 8 . 30 ± 0 . 37 8 . 76 ± 0 . 34 
log( MBH / M�) b 8 . 54 ± 0 . 37 8 . 81 ± 0 . 43 
log( MBH / M�) c 7 . 66+0 . 24 

−0 . 20 7 . 93+0 . 26 
−0 . 24 

0.2–2.3 keV LX (erg s−1 ) < 1 . 6 × 1042 < 8 . 5 × 1041 
L(O iii ) (erg s−1 ) < 3 . 0 × 1039 < 5 . 2 × 1039 
W 1 −W 2 (mag) 0 . 308 ± 0 . 020 0 . 307 ± 0 . 017 

Note.a MBH mass estimated using the J. Kormendy & L. C. Ho ( 2013 ) 
MBH –σ∗ relation. b MBH mass estimated using the Mgal –MBH scaling 
relation presented in Y. Yao et al. ( 2023 ). c MBH mass estimated using the 
tidalspin package (A. Mummery 2024 ), treating the σ∗-based estimates 
as priors. See the text in Section 2.3 . 
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nderstanding of their properties and rates is therefore essen- 
ial to enable their use as probes of MBHs and stars at high
edshifts. 
In this work, we present comprehensive multiwavelength ob- 
ervations of two luminous featureless TDEs discovered by ZTF: 
T2024kmq (ZTF24aapvieu) and AT2024lhc (ZTF24aaoxmyb). 
hese events are particularly notable because they exhibit lumi- 
ous hard X-ray emission contemporaneous with their optical 
eaks – a characteristic rarely observed in TDEs. We describe 
ur discovery, classification, and basic properties in Section 2 , fol-
owed by multiwavelength observations and analysis in Section 3 . 
n Section 4 , we discuss the likely origin of the X-ray emission and
ighlight challenges in explaining the UV/optical peak emission 
sing currently available models. We conclude in Section 5 . This
ork includes follow-up observations obtained through January 
026. 
We adopt a standard flat Lambda cold dark matter ( 
CDM)
osmology with matter density �M 

= 0 . 3 and the Hubble con-
tant H0 = 70 km s−1 Mpc−1 . We use the notation Qn ≡ Q / 10n 
or quantities in CGS units, with the exception that MBH ,n ≡
BH / (10n M�) for BH masses. All logarithms are base 10 un-
ess otherwise stated. Uncertainties are reported at 68 per cent 
onfidence (1 σ ), and upper limits at 3 σ . We correct for Galactic
xtinction using the J. A. Cardelli, G. C. Clayton & J. S. Mathis
 1989 ) extinction law with RV = 3 . 1 and the E. F. Schlafly & D. P.
inkbeiner ( 2011 ) dust map. 

 DISCOVERY,  CLASSIFICATION,  AND  BASIC  

NFORMATION  

he discovery and identification of AT2024kmq as a TDE 

ave been published by A. Y. Q. Ho et al. ( 2025 ), which pre-
ented follow-up observations obtained prior to October 2024. 
T2024lhc was classified as a TDE by the ZTF group (Y. Yao et al.
024a ; R. Chornock 2024 ). 
We use tobs ( trest ) to denote the observer-frame (rest frame) 

ime relative to t0 , which is time of the most recent ZTF upper
imit prior to the first optical detection. The basic information 
or the two objects is presented in Table 1 , including the optical
eference epoch t0 , redshift z, Milky-Way extinction EB −V, MW 

, the 
alactic hydrogen-equivalent column density NH , MW 

(R. Will- 
ngale et al. 2013 ), the host galaxy total stellar mass Mgal and
xtinction EB −V, host (see Section 2.1 ), the stellar velocity disper- 
ion σ∗ (see Section 2.2 ), the BH masses estimated using host-
alaxy scaling relations, the upper limits of the host-galaxy X-ray 
nd [O iii ] λ5007 narrow line luminosities (see Section 2.4 ), and
he W 1−W 2 colour in the unWISE catalogue (Vega system; E. F.
chlafly, A. M. Meisner & G. M. Green 2019 ), where WISE stands
or the Wide-field Infrared Survey Explorer. 

.1 Host stellar population synthesis 

o estimate global host galaxy properties, we model the pre- 
are archival ultraviolet–infrared (UV–IR) SED of the host galaxy 
sing population synthesis via the prospector software (B. D. 
ohnson et al. 2021 ) built on fsps (C. Conroy, J. E. Gunn & M.
hite 2009 ), following the same data collecting and fitting pro-
edures as adopted by S. van Velzen et al. ( 2021 , Section 3). The
alaxy stellar mass Mgal is derived from the surviving fraction of 
tars formed. The host galaxy extinction EB −V, host is computed as 
 . 268 × dust2 , where dust2 is the optical depth at 5500Å of 
he D. Calzetti et al. ( 2000 ) attenuation curve. 

.2 Stellar velocity dispersion 

or AT2024kmq, the central velocity dispersion was initially re- 
orted as 175 ± 27 km s−1 from fitting the 4200–6800Å Gem- 
ni Multi-object Spectrograph (GMOS) spectrum taken at trest = 

8 d 1 (A. Y. Q. Ho et al. 2025 ). However, we later identified flux
alibration issues at the blue end. We therefore reextracted and 
efit the spectrum using the 5030–5600Å region, obtaining σ∗ = 

81 ± 21 km s−1 , which we adopt in this work. 
For AT2024lhc, the host galaxy has been observed by the Sloan
igital Sky Survey (SDSS; J. E. Gunn et al. 2006 ) on 2003 June 1

 trest = −6337 d) and by the Dark Energy Spectroscopic Instru-
ent (DESI; DESI Collaboration 2026 ) on 2021 May 1 ( trest =
904 d). L. Simard et al. ( 2011 ) measured that the galaxy half-
ight radius is r1 / 2 = 16 . 2 kpc (4.8 arcsec), and the effective semi-
ajor radius of the galaxy bulge is re = 20 . 7 kpc (i.e. 6.2 arcsec).
he SDSS (3 arcsec fiber size) pipeline measures σ∗ = 230 . 5 ±
9 . 8 km s−1 , and running the fastspecfit software (J. Mous- 
akas et al. 2023 ) on the DESI spectrum (1.5 arcsec fiber size;
ESI Collaboration 2022 ) gives σ∗ = 270 ± 26 km s−1 . We adopt 
he SDSS value since its fiber size better matches r1 / 2 and re where
∗ (in the MBH –σ∗ relationship) is defined. 

.3 Black hole masses 

he J. Kormendy & L. C. Ho ( 2013 ) MBH –σ∗ relation gives
og (MBH / M�) values of 8 . 30 ± 0 . 37 for AT2024kmq and 8 . 76 ±
 . 34 for AT2024lhc. These estimates must be reconciled with
he Hills mass constraint – the maximum BH mass capable of 
idally disrupting a star before it is swallowed whole (J. G. Hills
975 ). 
For an observable TDE, the pericenter distance must exceed 

he innermost bound circular orbit radius, rIBCO , which depends 
n the angle between the star’s orbit with respect to the BH’s
MNRAS 549, 1–24 (2026)
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pin axis φ, and the dimensionless spin parameter a (J. M.
ardeen, W. H. Press & S. A. Teukolsky 1972 ). For non-spinning
Hs (i.e. a = 0 ) rIBCO = 4 rg , and for prograde equatorial orbits
ith a = 1 we have rIBCO = rg . An analytic solution for the Hills
ass accounting for spin effects is provided by A. Mummery

 2024 ). 
For solar-type stars, tidal disruption remains possible around
BH ∼ few × 108 M�BHs if they are rapidly spinning. However,
isruption by a MBH ∼ 109 M� BH, as suggested by the σ∗-
ased estimate for AT2024lhc, would typically require a more
volved, lower-density star. Treating the σ∗-based estimates
s priors and incorporating the TDE identification as evi-
ence, we use the tidalspin 

2 Bayesian framework (A. Mum-
ery 2024 ) to infer revised black hole masses. This anal-
sis yields log (MBH / M�) = 7 . 66+0 . 24 

−0 . 20 and | aBH | = 0 . 63+0 . 38 
−0 . 20 for

T2024kmq, and log (MBH / M�) = 7 . 93+0 . 26 
−0 . 24 and | aBH | = 0 . 84+0 . 16 

−0 . 15 
or AT2024lhc. 
In summary, while precise BH mass constraints remain chal-

enging, both events are hosted by high-mass BHs with MBH ∼
08 M�. 

.4 Lack of X-ray/optical/IR AGN signatures 

he host-galaxy X-ray luminosity upper limits (see Table 1 ) are
onstrained using archival observations from the eROSITA tele-
cope (P. Predehl et al. 2021 ) onboard the Spektrum-Roentgen-
Gamma ( SRG ) satellite (R. Sunyaev et al. 2021 ), obtained during
020–2022. 
In the GMOS spectrum of AT2024kmq and the SDSS/DESI
pectra of AT2024lhc, we do not identify narrow emission lines
ypically observed in active galactic nuclei (AGNs). We place up-
er limits on their [O iii ] λ5007 line luminosities (see Table 1 )
y modelling the spectra using the ppxf software (M. Cappellari
023 ), following the procedures adopted by Z. Zhang et al. ( 2026 ).
AGN can be broadly divided into radiative mode ( L/LEdd �

 . 01 ) and jet mode ( L/LEdd � 0 . 01 ). The general picture is that
adiative-mode AGNs possess a geometrically thin, optically
hick accretion disc with the inner disc radius at ISCO, whereas
et-mode AGNs are surrounded by an inner hot accretion flow
nd an outer truncated disc – similar to the soft and hard states
n XRBs (T. M. Heckman & P. N. Best 2014 ). 
For radiative-mode AGN, the [O iii ] λ5007 line luminosity cor-

elates with the bolometric luminosity (T. M. Heckman & P. N.
est 2014 ). Using the bolometric correction of T. M. Heckman
t al. ( 2004 ), we estimate the AGN bolometric luminosities to be
 1 . 0 × 1043 erg s−1 and < 1 . 8 × 1043 erg s−1 for AT2024kmq and
T2024lhc, respectively. These upper limits rule out the existence
f radiative-mode AGNs in their host galaxies, consistent with
he fact that their mid-infrared (MIR) W 1 −W 2 colours are not
GN-like (D. Stern et al. 2012 ). 
While the host galaxies may harbour jet-mode AGNs (dis-
ussed in Section 3.5 ), the absence of radiative-mode AGNs in-
icates there is no pre-existing disc extending to the ISCO. There-
ore, the luminous optical transients cannot be caused by sud-
NRAS 549, 1–24 (2026)

 The input data to tidalspin is the black hole mass and its uncertainty 
iven by the J. Kormendy & L. C. Ho ( 2013 ) MBH –σ∗ relation. We note that 
his package assumes a stellar mass function in the form of the Kroupa 
nitial mass function (P. Kroupa 2001 ), which might not be accurate in the 
uclei of TDE host galaxies. 
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 OBSERVATIONS  AND  ANALYSIS  

.1 Optical photometry 

.1.1 ZTF and ATLAS 

e obtained ZTF (F. J. Masci et al. 2019 , 2023 ) and Aster-
id Terrestrial-impact Last Alert System (ATLAS; J. L. Tonry et
l. 2018 ; K. W. Smith et al. 2020 ; L. Shingles et al. 2021 ) forced
hotometry. For ATLAS data, we cleaned and corrected the pho-
ometry using the ATClean method (S. Rest et al. 2025 ). Baseline
orrection was performed using the methods outlined in Y. Yao
t al. ( 2019 ). 
The Galactic extinction-corrected optical light curves of 
T2024lhc and AT2024kmq are shown in the upper panels of 
igs 1 and 2 , respectively. They exhibit significant optical pre-
ursors at trest < 10 d. The precursor in AT2024kmq is particu-
arly prominent: it was initially identified as an independent fast-
volving transient before the main TDE flare emerged. Fig. 3
ighlights these precursor light curves in flux space. We discuss
heir physical interpretation in Section 4.3 . 

.1.2 LT 

e obtained follow-up photometry of both events using the IO:O
ptical Imager on the Liverpool Telescope (LT; I. A. Steele et al.
004 ). Image subtraction was performed using reference images
rom Pan-STARRS1 (PS1; K. C. Chambers et al. 2016 ) for the g, r,
 , and z bands, and from SDSS (F. D. Albareti et al. 2017 ) for the u
and. 
For AT2024lhc, we performed aperture photometry on the LT
ata using the ‘Photometry Sans Frustration’ routine described
n M. Nicholl et al. ( 2023 ), which uses an optimal aperture that
aptures 90 per cent of point spread function flux after template
ubtraction. For AT2024kmq, photometry was obtained following
he point spread function modelling technique described in C.
remling et al. ( 2016 ). 
In addition, for AT2024kmq we include LT and Lowell Discov-
ry Telescope (LDT) photometry published by A. Y. Q. Ho et al.
 2025 ). The LT and LDT photometry are shown in Figs 1 –2 . Both
nstruments employ SDSS filters. 
The LT z band data were not included for further analysis, as
e found that photometric uncertainties are underestimated in
his band. 

.2 Optical spectroscopy 

e obtained low-resolution optical spectra using the Kast spec-
rograph on the Shane 3-m telescope at Lick Observatory (J. S.
iller & R. P. S. Stone 1993 ), the Low Resolution Imaging Spec-
rograph (LRIS; J. B. Oke et al. 1995 ) on the Keck-I telescope, and
he Alhambra Faint Object Spectrograph and Camera (ALFOSC 

3 )
t the 2.56 m Nordic Optical Telescope (NOT) located at the
oque de los Muchachos Observatory on La Palma (Spain). These
bservations were coordinated using the fritz.science instance of 
kyportal (S. van der Walt, A. Crellin-Quick & J. Bloom 2019 ;
 http://www.not.iac.es/instruments/alfosc 

http://www.not.iac.es/instruments/alfosc
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Figure 1. UV, optical, and X-ray evolution of AT2024lhc. UV and optical light curves are shown in the upper panel, with epochs of optical spectroscopy 
marked with letter ‘S’, and the epoch of HST spectroscopy marked with a vertical dotted line. Solid points represent detections above 3 σ in the optical 
and above 2 σ in the UV; semitransparent downward triangles indicate 3 σ upper limits. The observed 0.3–10 keV X-ray light curves are shown in the 
middle panel, with epochs of radio continuum observations marked with letter ‘R’. The evolution of the X-ray power-law photon index � is shown in the 
lower panel. 
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. W. Coughlin et al. 2023 ). The observing log is provided in
able B1 . Epochs of spectroscopic observations are marked with 
S’ in Figs 1 –2 . 
Kast observations were obtained with the D57 dichroic, 
00/4310 grism (blue), and 300/7500 grating (red), unless oth- 
rwise noted in Table B1 . Reductions followed J. M. Silverman
t al. ( 2012 ). LRIS observations used the 600/4000 grism (blue),
56 dichroic, and 400/8500 grating (red). ALFOSC observations 
mployed grism 4 and were reduced using a custom pypeit fork
J. X. Prochaska et al. 2020a ; J. X. Prochaska et al. 2020b ). 

.2.1 AT2024kmq 

ig. 4 shows optical spectra of AT2024kmq obtained after October 
024; earlier spectra are presented in A. Y. Q. Ho et al. ( 2025 ).
o prominent broad emission lines characteristic of TDEs are de- 
ected at any epoch, confirming the spectroscopically featureless 
ature reported by A. Y. Q. Ho et al. ( 2025 ) at earlier times. We
o not perform host-transient decomposition due to the lack of a 
re- or post-flare host spectrum template. 

.2.2 AT2024lhc 

ig. 5 shows optical spectra of AT2024lhc. To search for transient
pectral features, we model each spectrum as the sum of host
alaxy and blackbody continuum contributions. The + 335 d LRIS 
pectrum serves as the host template: at this epoch, the transient
ad faded to g = 21 . 2 mag and contributed negligibly to the ob-
erved flux. 
Fig. 6 shows the host–blackbody decomposition. At all epochs, 

he combination of host and blackbody reproduces the observed 
pectra with no significant residual features. We therefore classify 
T2024lhc as spectroscopically featureless throughout the ob- 
erved evolution from trest = +42 d to +262 d, with no detection
f the broad H, He, or Bowen emission lines characteristic of 
ther optically selected TDEs. 

.3 Swift /UVOT 

oth AT2024lhc and AT2024kmq were observed by the Ultra- 
iolet/Optical Telescope (UVOT; P. W. A. Roming et al. 2005 )
nboard Swift . We obtain the host-subtracted UVOT fluxes using 
he same procedures as outlined in A. Y. Q. Ho et al. ( 2025 ). Due
o the lower signal-to-noise ratio (S/N) at late times, some of the
djacent observations are stacked using the same procedures as 
n Y. Yao et al. ( 2024b ). 

.4 X-ray observations 

e obtained X-ray observations with the X-Ray Telescope (XRT; 
. N. Burrows et al. 2005 ) on board Swift , the Neutron Star Inte-
ior Composition Explorer (NICER; K. C. Gendreau et al. 2016 ),
he Nuclear Spectroscopic Telescope ARray (NuSTAR; F. A. Har- 
MNRAS 549, 1–24 (2026)
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Figure 2. UV, optical, and X-ray evolution of AT2024kmq. We only indicate epochs of optical spectroscopy and radio observations first presented in this 
work, see A. Y. Q. Ho et al. ( 2025 ) for earlier observations. 

Figure 3. Early-phase optical light curves of AT2024kmq and AT2024lhc 
in flux space, showing the precursor emission detected in both events. 
Solid and semitransparent points represent > 3 σ detections and other ob- 
servations, respectively. The dashed horizontal line at zero is the average 
value pre-transient. 
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Figure 4. Optical spectra of AT2024kmq obtained after October 2024 
(see A. Y. Q. Ho et al. 2025 for earlier epochs). Strong telluric features in 
the ALFOSC spectrum are masked. No prominent broad emission lines 
characteristic of TDEs are detected. 

(  

i  

F

3

W  

l  

t  

s  

K  

f  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/549/2/stag920/8692869 by Liverpool John M
oores U

niversity user on 10 June 2026
ison et al. 2013 ), the Chandra X-ray Observatory (CXO), and the
MM–Newton telescope. 
The Swift /XRT, NICER, and NuSTAR data presented here are
rocessed using heasoft version 6.34. The XMM–Newton data
re reduced with the XMM–Newton Science Analysis System
NRAS 549, 1–24 (2026)
SAS; C. Gabriel et al. 2004 ). The Chandra data are reduced us-
ng the Chandra Interactive Analysis of Observations ( ciao ; A.
ruscione et al. 2006 ) software package (v4.17). 

.4.1 Swift/XRT 

e processed Swift /XRT data following standard procedures out-
ined in A. Y. Q. Ho et al. ( 2025 ). To improve the signal-to-noise ra-
io (SNR) of XRT spectra at late times, we stacked consecutive ob-
ervations. Spectra were binned using the optimal scheme of J. S.
aastra & J. A. M. Bleeker ( 2016 ) (minimum one count per bin via
tgrouppha ) and modelled with W -statistics (W. Cash 1979 )
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Figure 5. Optical spectroscopic observations of AT2024lhc. All epochs 
remain spectroscopically featureless (see Fig. 6 ). 

Figure 6. Host-transient decomposition for the optical spectra of 
AT2024lhc. Galactic extinction-corrected spectra are modelled as the sum 

of host galaxy emission and blackbody continuum. Residuals show no 
significant broad features, confirming AT2024lhc as spectroscopically fea- 
tureless from trest = 42 d to 262 d. 
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sing an absorbed power law ( tbabs ∗zashift ∗powerlaw in 
spec ), where NH is fixed at the Galactic value given in Table 1 .
his simple model provides adequate fits to all spectra. From each 
est-fitting model, we derived the 0.3–10 keV count-rate-to-flux 
onversion factor, which was used to convert X-ray count rates 
or their upper limits) from individual (unstacked) XRT snapshot 
bservations into fluxes. Figs 1 –2 (middle and bottom panels) 
how the evolution of the observed-frame 0.3–10 keV flux ( fX )
nd power-law photon index �. 

.4.2 NICER 

T2024lhc was observed by the NICER X-ray Timing Instru- 
ent in July 2024 (obsID 7204630101–7204630108) for a to- 
al of 13.4 ks (PI: Yao). AT2024kmq was observed by NICER
n October–November 2024 (obsID 7204930101–7641010107) 
nd February–March 2025 (obsID 7641010107–7641010119, 
716010101–7716010129; PIs: Guolo, Pasham). For AT2024kmq, 
n offset of ∼0.7 arcsec was applied to NICER pointing to mini-
ize contamination from a nearby X-ray source. 
As both sources are faint and hard, we followed the time-

esolved spectroscopy approach for reliable estimation of faint- 
ource light curves outlined in section 2.1 of J. Chakraborty 
t al. ( 2024 ), which we summarize here. We divided the data
nto continuous good-time intervals (GTIs) determined by the 
imaketime routine. We then fit the spectrum of each GTI 
ith the SCORPEON 4 model over a broad-band energy range 
0.25–10 keV) for data taken in orbit night, and a slightly re-
tricted range (0.38–10 keV) during orbit day. SCORPEON is a 
emi-empirical, physically motivated background model which 
xplicitly includes components for the cosmic X-ray background, 
uorescence emission from the solar wind charge exchange, and 
on-X-ray noise events (e.g. precipitating electrons and cosmic 
ays), allowing these to be fit alongside the source for joint un-
ertainty estimation. We grouped our spectra with the optimal 
inning scheme of J. S. Kaastra & J. A. M. Bleeker ( 2016 ), i.e.
rouptype = optmin with groupscale = 10 in the ft- 
rouppha command, and performed all spectral fitting with 
he Cash statistic. We used a 
C-stat threshold of 25 to claim
 source detection, and retained only GTIs with a best-fitting 
-stat/d.o.f ≤ 1 . 5 . The evolution of fX and � are shown in
igs 1 –2 . 

.4.3 NuSTAR 

e obtained NuSTAR observations for both events under pre- 
pproved Target of Opportunity (ToO) programmes, summarized 
n Table B2 . 
To generate the source NuSTAR spectra for the two photon 
ounting detector modules (FPMA and FPMB), source photons 
ere extracted from a circular region with a radius of rsrc =
5 arcsec centred on the optical position of the source. The back- 
round was extracted from a rbkg = 80 arcsec region located on 
he same detector. We selected energy ranges where the net count
ate is above the background for spectral fitting. The best-fitting 
bsorbed power-law models, shown in Fig. A1 , provide adequate 
escription to the data. The best-fitting values of � and fX are 
iven in Table B2 , and plotted in Figs 1 –2 . 

.4.4 XMM–Newton 

T2024lhc was observed with XMM–Newton at two epochs. We 
rocessed the observation data files (ODFs) following the pro- 
edures outlined in M. Guolo et al. ( 2024 ). Our analysis focuses
MNRAS 549, 1–24 (2026)

https://heasarc.gsfc.nasa.gov/docs/nicer/analysis_threads/scorpeon-overview/
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Table 2. Rest-frame X-ray variability time-scales. 

Name Instrument Phase trest (d) tX , var (d) Significance ( σ ) Flux ratio 

124.0 0.108 3.7 2.1 
AT2024kmq NICER 124.4 0.053 4.0 3.2 

134.2 1.840 4.8 2.4 
AT2024lhc XRT 57.4 0.199 3.1 2.6 
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Figure 7. The SED of a radio source at the nucleus of AT2024kmq’s host 
galaxy, colour-coded by tobs (shown in the legend). Data at tobs > 200 d are 
presented in this paper (the integrated flux in Table B5 ), and are compared 
to earlier data presented in A. Y. Q. Ho et al. ( 2025 ). Symbol size reflects 
the synthesized beam size (full width at half-power) at each frequency. 
Observations with larger beams resolve extended emission from the pre- 
existing radio source, yielding higher integrated flux densities than mea- 
surements at higher resolution. 

3

W  

R  

2  

d  

A  

u
 

p  

c  

w  

i  

d  

r
 

i  

w  

w  

T  

B  

m  

t  

a  

s  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/549/2/stag920/8692869 by Liverpool John M
oores U

niversity user on 10 June 2026
n EPIC-pn data, which offers a higher SNR than the MOS
etectors. 
We group the spectrum using the J. S. Kaastra & J. A. M. Bleeker

 2016 ) scheme and simultaneously ensure at least 10 counts per
in. Using W -statistics, we fit in the energy range where the
ource dominates, which is 0.3–2.9 keV for the first epoch and
.3–2.5 keV for the second epoch. The fitting result is shown in
able B3 and Fig. 1 . 

.4.5 Chandra 

or both events, we obtain one epoch of observation with the
XO. We used the Advanced CCD Imaging Spectrometer (ACIS;
. P. Garmire et al. 2003 ), with the aim point on the back illu-
inated S3 chip. Both objects are clearly detected. We extract
he source spectrum using a source region of rsrc = 2 . 0 arcsec
entred on the apparent X-ray position of each object. A to-
al of 65 and 193 (0.5–8 keV) counts are detected within the
ource regions of AT2024kmq and AT2024lhc, respectively. The
ackground spectra are extracted using nearby source-free re-
ions. We group the Chandra spectra to at least one count per
in, and modelled the 0.3–8 keV data using W -statistics. Using
babs ∗zashift ∗powerlaw , we obtained good fits with best-
tting parameters shown in Table B3 and Figs 1 –2 . 

.4.6 X-ray variability time-scale 

oth AT2024kmq and AT2024lhc exhibit significant X-ray vari-
bility on short time-scales. To quantify this, we systematically
est all observation pairs separated by less than 2 d (observer
rame) for statistically significant flux changes. For a pair to be
lassified as variable, we require both (1) a significance level
xceeding 3 σ and (2) a flux ratio exceeding a factor of 2. 
For NICER observations (flux-calibrated measurements from
ection 3.4.2 ), we compute the significance of flux variations
s σ = | F2 − F1 | /

√ 

σ 2 
F1 + σ 2 

F2 , where F1 and F2 are the fluxes in
wo consecutive observations with uncertainties σF1 and σF2 . For
wift XRT observations (net count rate measurements from Sec-
ion 3.4.1 ), we similarly compute the significance of net count
ate variations. The flux ratio is defined asmax (F2 /F1 , F 1 /F 2) (or
quivalently for count rates). 
NICER detected rapid variability in AT2024kmq, with

hree significant events at rest-frame phases trest ∼ 124 –134 d
Table 2 ). The minimum detected variability time-scale is
trest = 0 . 053 d ≈ 1 . 3 h, with a flux ratio of 3.2 and significance
f 4 . 0 σ . Swift /XRT detected one significant variation in
T2024lhc at trest = 57 . 4 d, with 
trest = 0 . 199 d ≈ 4 . 8 h (flux
atio 2.6, 3 . 1 σ ). 
NRAS 549, 1–24 (2026)
.5 Radio: Very Large Array (VLA) 

e obtained radio observations using the Very Large Array (VLA;
. A. Perley et al. 2011 ) under Programs 24A-487, 24A-494, and
5A-152 (PI: Y. Yao). The data were analysed following the stan-
ard radio continuum image analysis procedures in the Common
stronomy Software Applications ( casa ; CASA Team 2022 ). We
sed tclean to produce radio images. 
For AT2024lhc, we measured the flux density as the maximum
ixel value within a region with the size of the synthesized beam,
entred on the optical coordinate of the TDE. The uncertainty
as estimated as the root-mean-square (rms) of the pixel values
n a nearby source-free region of the image. AT2024lhc was not
etected throughout the observations, and 3 σ upper limits are
eported in Table B4 . 
For AT2024kmq, A. Y. Q. Ho et al. ( 2025 ) reported that the host

s a radio-bright AGN with extended radio emission. Therefore,
e used the interactive two-dimensional fit tool in casa viewer,
hich fits Gaussians to two-dimensional intensity distributions.
he measured peak and integrated fluxes are reported in Table
5 . The integrated flux can be directly compared with earlier
easurements reported in A. Y. Q. Ho et al. ( 2025 ). Fig. 7 shows
he radio flux measurements from both A. Y. Q. Ho et al. ( 2025 )
nd this work. Fitting observations obtained using large beam
izes ( > 3 arcsec), we obtained fν ∝ ν−0 . 72 , which is typical for
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Figure 8. Radio upper limits of AT2024kmq, AT2024lhc, compared with 
the sample of optically overluminous TDEs presented in Y. Yao et al. 
( 2025 ). The blue lines show model radio light curves for a jet with the 
same intrinsic properties as the best-fitting model of the jetted TDE Swift 
J1644 + 57 (P. Beniamini, T. Piran & T. Matsumoto 2023 ), viewed at dif- 
ferent angles. Assuming all other parameters are identical, even the most 
off-axis jet models are ruled out for both AT2024kmq and AT2024lhc. 
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adio AGNs (J. J. Condon, W. D. Cotton & J. J. Broderick 2002 ).
ue to the presence of the AGN, we are not able to set strong
onstraints on the radio emission of the TDE. Following A. Y. Q.
o et al. ( 2025 ), we assume that the transient flux is lower than
he measured flux densities. 

.5.1 Constraints on transients: no J1644-like jets 

ig. 8 presents the radio upper limits of AT2024kmq and 
T2024lhc with other optically overluminous TDEs selected by 
TF (Y. Yao et al. 2025 ). These limits rule out off-axis jets with
roperties that are the same as those observed in the jetted TDE
wift J1644 + 57 (see figure caption for details). 

.5.2 Constraints on host galaxies 

s discussed in A. Y. Q. Ho et al. ( 2025 ), the pre-TDE ra-
io spectral index and luminosity of AT2024kmq are consistent 
ith jet-mode AGNs. Its 1.4 GHz luminosity ( L1 . 4 GHz = 4 . 6 ×
023 W Hz−1 ) indicates a jet mechanical power of Pmech = 3 . 5 ×
036 W , using the Pmech –L1 . 4 GHz relation by T. M. Heckman & P. 
. Best ( 2014 , equation 2). The Eddington-scaled accretion rate
s therefore ṁ ≈ Lmech /LEdd ∼ 0 . 003 . At such an accretion rate, 
he inner disc radius is likely rtr ∼ few × 10 rg ∼ 1015 cm . 

.6 Blackbody modelling 

ollowing previous TDE studies, we model the UV and optical 
hotometry using a Planck function, where the SED is character- 
zed by an effective temperature Tbb and a photospheric radius 
bb . We assume negligible host extinction based on two facts: 
1) host galaxy population synthesis modelling yields very small 
eddening values (see Table 1 ), and (2) the X-ray spectra can be
ell fit by a simple power law absorbed by Galactic interstellar
edium (ISM), with no need to add absorption from extragalactic 
SM (see Section 3.4 ). 
At epochs where both UV and optical photometry are available, 
e perform the fit using Monte Carlo Markov chain (MCMC) 
imulations with emcee (D. Foreman-Mackey et al. 2013 ). Both 
etections and non-detections are incorporated in the fitting fol- 
owing the procedures outlined in T. Laskar et al. ( 2014 ) and T.
ftekhari et al. ( 2024 ). We allow both Tbb and Rbb to vary freely.
o account for systematic uncertainties in the photometry and 
otential deviations of the true SED from a pure blackbody, we
se a Gaussian likelihood function that includes an excess vari- 
nce term σ 2 

0 that is constant across all bands. We set the priors
o be uniformly distributed in the following ranges: log( Tbb /K) 
n [3.2, 5.1], log( Rbb /cm) in [12, 16.5], and log σ0 in [ −6 , −0 . 5 ].
ithin the ensemble, we use 100 walkers, each of which is run
ntil convergence, where the convergence test follows the steps 
utlined in Y. Yao et al. ( 2019 ). 
At epochs with only optical data, we fix Tbb to the linearly

nterpolated value derived from epochs with UV coverage. We es- 
imate Rbb directly from the radio of νLν and the colour correction 
or blackbody spectrum. 
The results are shown in Fig. 9 . AT2024kmq and AT2024lhc
xhibit several notable similarities: 

(i) Both events show precursor emission lasting ∼ 8 d above 
urvey sensitivity and peaking at 1043 . 5 –1044 erg s−1 , though with 
ifferent thermal properties: AT2024lhc has Tbb ∼ 2 × 104 K and 
bb ∼ 1015 cm , while AT2024kmq exhibits a lower temperature 
 Tbb ∼ 6600 K ) but larger radius ( Rbb ∼ 3 × 1015 cm ). 
(ii) During the main peak phase, which lasts 180 d 

AT2024kmq) and 290 d (AT2024lhc) in the rest frame, both 
vents maintain relatively constant temperatures of Tbb ∼
 × 104 K . The maximum radius is Rbb ∼ 1015 cm ∼ 70 rg M−1 

BH , 8 
see equation 2 ). Their peak luminosities ( Lbb ∼ 1044 . 5 erg s−1 ) 
re at the high-end of the TDE population (Y. Yao et al. 2023 ).
ach event shows a sharp drop at the end of this phase driven by
he decreasing Rbb . 
(iii) Additionally, beginning at trest ≈ 310 d, AT2024kmq ex- 
ibits a rebrightening phase, which appears to have ended by 
rest ≈ 480 d. 

We discuss the possible power sources of the UV/optical emis- 
ion during and after the precursor in Sections 4.3 and 4.4 , respec-
ively. 

.7 Hubble Space Telescope UV spectroscopy 

e obtained eight orbits of UV spectroscopy of AT2024lhc with 
he Space Telescope Imaging Spectrograph (STIS; B. E. Woodgate 
t al. 1998 ) MAMA detectors onboard the Hubble Space Telescope
 HST ) (GO-17767; PI: Chornock) on 2025 June 5 and 6 ( trest ≈
38 d). The original observation plan included four orbits of far-
V (FUV) spectroscopy with the G140L grism and four orbits of 
ear-UV (NUV) spectroscopy with the G230L grism spread over 
hree visits. However, two of the visits suffered guide star failures,
nd usable data were obtained for three orbits of G140L observa-
ions and one orbit of G230L, for total exposure times of 7199 s
nd 1919 s in the FUV and NUV, respectively. In addition, be-
ween triggering and acquisition of the observations, AT2024lhc 
aded significantly (Fig. 1 ). The resultant low signal-to-noise ratio 
SNR) of the observations caused the default pipeline reduction to 
isidentify the object trace in two exposures. We manually re-ran 
he x1d pipeline extraction with the A2CENTER parameter set to 
MNRAS 549, 1–24 (2026)
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Figure 9. Evolution of the UV/optical blackbody properties of AT2024lhc and AT2024kmq. Epochs where both Tbb and Rbb are fitted are shown in 
black, where solid and hollow markers indicate epochs with and without UVOT observations, respectively. Epochs scaled assuming fixed Tbb are shown 
in grey. The vertical dashed lines mark epochs where detailed broad-band SEDs are presented in Fig. 11 . 

Figure 10. HST UV spectrum of AT2024lhc. The unbinned and binned 
data are shown in thick black and thin grey lines, respectively. Regions 
affected by strong geocoronal absorption or emission have been masked. 
The blue lines show the blackbody model fitted to both spectroscopy and 
photometry, while the orange lines show the model fitted to photometry 
only. 
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e near the actual location of the source. The individual object
xposures were combined using the Hubble Advanced Spectral
roducts (HASP; J. Debes et al. 2024 ) script using default param-
ters. 
The final HST spectrum is shown in Fig. 10 . The grey line
hows the raw data, and the black line shows the binned spec-
rum. We binned the spectra by a factor of 40 pixels, where each
inned flux value is the mean of 40 consecutive pixels, and the
ux uncertainty is estimated as the standard error of the mean
ithin each bin. The red data show the UV and optical pho-
ometry obtained at trest = 340 . 3 d, which is very close in time to
NRAS 549, 1–24 (2026)
he HST observation. We see that in the NUV band where both
hotometry and spectrum are available, the data are consistent
ith each other at the < 2 σ level. 
To assess whether the blackbody function employed in Sec-

ion 3.6 also provides a good description of the FUV data, in
ig. 10 , we show the best-fitting blackbody model obtained in
ection 3.6 using the dashed thick orange line, and 100 ran-
om draws from the MCMC posterior using the solid thin
range lines (see Section 3.6 ). As can be seen, when fitting only
o photometry, the blackbody model, with log (Tbb / K) = 4 . 18+0 . 05 

−0 . 04 
nd log (Rbb /cm ) = 14 . 99+0 . 09 

−0 . 10 , systematically underestimates the
UV flux at λobs < 1700Å. When we instead fit the blackbody
odel to both the HST spectroscopy and photometry simulta-
eously, we obtain log (Tbb / K) = 4 . 36 ± 0 . 01 and log (Rbb /cm ) =
4 . 48+0 . 03 

−0 . 02 , shown as blue lines in Fig. 10 . We note that because
he photometric uncertainties are large, this joint fit is effectively
ominated by the HST spectrum. This fit slightly underestimates
he optical photometry, though the discrepancy remains within
he photometric uncertainties. 
Our HST observations therefore suggest that the blackbody
arameters derived in Section 3.6 should be taken with cau-
ion, and that a single blackbody might not provide an ade-
uate description of the underlying intrinsic FUV–optical SED
hape. 

.8 Broad-band SED 

e construct broad-band SEDs from the radio to hard X-
ay bands at representative epochs in the light curve evo-
ution (marked by vertical dashed lines in Fig. 9 ). Fig. 11
hows the SEDs at each epoch, comprising: available radio up-
er limits, UV/optical photometry with the 68 per cent confi-
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Figure 11. Broad-band SEDs of AT2024kmq and AT2024lhc at representative epochs. In each panel, the horizontal dashed and dotted lines show 

10−2 LEdd and 10−3 LEdd for 108 M� BHs, where LEdd = 1 . 26 × 1038 (MBH / M�) erg s−1 . 
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ence interval of the blackbody fits, and X-ray spectra or upper
imits. 
We compute the bolometric luminosity following Y. Yao et al. 

 2022 ). The rest-frame spectrum is divided into three frequency 
anges: (1) Between νrest = 1014 and 1015 . 5 Hz, we integrate be- 
eath the blackbody model fitted to UV/optical photometry (Sec- 
ion 3.6 ). (2) Between νrest = 1017 and 1018 . 5 Hz, we integrate 
eneath the best-fitting X-ray spectral model (Section 3.4 ). (3) 
etween νrest = 1015 . 5 and 1017 Hz (the EUV gap), we assume the 
pectrum is continuous and approximate it with a power law con- 
ecting the UV and X-ray components. When X-ray observations 
re unavailable or yield only upper limits, we exclude the X-ray
nd EUV components, treating the UV/optical integral as a lower 
imit on Lbol . 
Table 3 presents the computed bolometric luminosities and the 
orresponding Eddington ratios λEdd ≡ Lbol /LEdd . 

 DISCUSSION  

ere, we discuss AT2024kmq and AT2024lhc in the context of 
pectroscopically featureless TDEs. In Section 4.1 , we examine 
he optical properties and BH masses of featureless TDEs in 
omparison to broad-line TDEs. We then discuss the origin of 
heir X-ray emission in Section 4.2 , the optical precursor emission
n Section 4.3 , and the post-precursor UV/optical emission in 
ection 4.4 . 

.1 Featureless blue TDEs: two sub-classes? 

o place AT2024kmq and AT2024lhc in the context of known 
pectroscopically featureless TDEs, we compile a sample of ZTF 
DEs. We start with 46 TDEs with known spectroscopic sub- 
ypes from ZTF sample papers (E. Hammerstein et al. 2023a ; 
. Yao et al. 2023 , 2025 ), excluding AT2021qth/ZTF21abhrchb 
the only TDE-coronal source) and AT2021gje/ZTF21aapvvtb 
an event with peculiar spectral features). We also include two 
vents classified as TDE-featureless (AT2022gri/ZTF20aahmtso, 
T2019wzc/ZTF19acnskyy/Ansky) by J. Zhu et al. ( 2025 ), and 
T2020ohl/ASASSN-20hx/ZTF20abjpxei, previously classified as 
n ambiguous nuclear transient (ANT) by J. T. Hinkle et al.
 2022 ). We reclassify AT2020ohl as TDE-featureless because, un- 
ike other ANTs (see examples in S. Frederick et al. 2021 ; P.
iseman et al. 2025 ), it lacks broad Balmer lines and exhibits a

eatureless blue continuum throughout its evolution, similar to 
T2022gri and AT2019wzc. It is also the only source among 19
NTs examined by J. T. Hinkle ( 2024 ) that lacks a dust reprocess-
ng echo. 
This gives us a comparison sample of 49 TDEs. The number
f events in each spectral sub-type is given in Table 4 . We char-
cterize their UV and optical light curves following the same 
rocedures as outlined in Y. Yao et al. ( 2023 ). The light curve
roperties we measure are UV/optical blackbody luminosity and 
adius ( Lbb and Rbb ) at light curve maximum. Of the 49 TDEs in
ur sample, 29 have published velocity dispersion measurements 
R. Ahumada et al. 2020 ; E. Hammerstein et al. 2023b ; Y. Yao
t al. 2023 , 2025 ), to which we add AT2022gri with σ∗ = 155 ±
km s−1 derived from our analysis of its DESI spectrum. For these 
0 objects, we apply the J. Kormendy & L. C. Ho ( 2013 ) MBH –σ∗
elation. For the remaining 19 TDEs without velocity dispersion 
easurements, we use the MBH –Mgal scaling relation (equation 5 
f Y. Yao et al. 2023 ). 
Fig. 12 presents the comparison sample across MBH , Lbb , and 
bb , as well as the distributions. Because individual BH mass 
stimates for TDE hosts carry large uncertainties, we represent 
he MBH distributions using kernel density estimation with band- 
idths set by the measurement uncertainties. In contrast, the 
MNRAS 549, 1–24 (2026)
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Table 3. Bolometric luminosity at representative phases. 

Name trest (d) Lbol (erg s−1 ) λEdd 
a λEdd 

b 

2024kmq 5.9 > 1 . 5 × 1043 > 6 . 0 × 10−4 > 2 . 6 × 10−3 
43.8 1 . 1 × 1045 4 . 4 × 10−2 0.19 
131.0 3 . 7 × 1044 0.015 0.064 
229.5 5 . 2 × 1043 2 . 1 × 10−3 9 . 0 × 10−3 
356.5 > 3 . 9 × 1043 > 1 . 6 × 10−3 > 6 . 8 × 10−3 

2024lhc 3.3 > 3 . 3 × 1043 > 4 . 6 × 10−4 > 3 . 1 × 10−3 
51.3 5 . 2 × 1044 7 . 2 × 10−3 0.048 
152.7 3 . 5 × 1044 4 . 8 × 10−3 0.033 
340.3 4 . 8 × 1043 6 . 6 × 10−4 4 . 4 × 10−3 

Note.a Eddington ratio adopting MBH estimated from σ∗, see Table 1 . b Eddington ratio adopting MBH 
estimated from tidalspin , see Table 1 . 

Table 4. Bootstrap bimodality test using the comparison sample. 

Spectral sub-type NTDE a 
log[ Lbb / (erg s−1 )] b (per 

cent) 
log[ Rbb / cm] b 
(per cent) 

TDE-H + He 24 0.0 0.2 
TDE-H 9 2.4 52.6 
TDE-He 5 – c 43.0 
TDE-featureless 11 100.0 86.8 

Note.a Number of TDEs in each spectral type. b The fraction of 1000 bootstrap realizations that satisfy both conser- 
vative bimodality criteria (silhouette score > 0 . 7 and Cohen’s d > 3 . 0 ) for each spectral sub-type and observable. 
c Cohen’s d cannot be reliably computed in the majority of bootstrap realizations because one of the two clusters 
contains fewer than two events. 

Figure 12. AT2024kmq and AT2024lhc compared with other TDEs, colour-coded by spectral sub-classes. Panel (a): TDEs in the phase space of peak Lbb 
and black hole mass, where MBH is directly estimated using host-galaxy scaling relations. Panel (b): TDEs in the phase space of peak Lbb and Rbb at peak 
luminosity. Dotted lines show constant temperatures of Tbb = [1 , 2 , 3 , 4 , 5] × 104 K. Panel (c): Distribution of MBH for TDEs of four spectral sub-classes, 
estimated using kernel density estimation with bandwidth equal to the uncertainty in MBH . Panels (d) and (e): Histograms of Lbb and Rbb at maximum 

light for the four spectral sub-classes. For the TDE-featureless class (panels c–e), thin red lines show the results including AT2024kmq and AT2024lhc, 
while thick red lines show the distribution of the comparison sample only. The red shaded regions indicate the contribution of these two events. 
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ncertainties on Lbb and Rbb at peak are relatively small, so simple 
istograms provide an adequate representation of their distri- 
utions. Similar to what was reported in E. Hammerstein et al. 
 2023a ), we see that the TDE-featureless and TDE-He sub-types
re generally hosted by higher-mass BHs, and they also exhibit 
igher peak blackbody temperatures compared to the TDE-H and 
DE-H + He sub-types. 
Before discussing the distributions of the blackbody parame- 

ers in detail, we first caution that a single blackbody may not
rovide an adequate description of the TDE UV/optical contin- 
um SED shape. As shown in Section 3.7 and in multiple previous
tudies (S. B. Cenko et al. 2016 ; S. van Velzen et al. 2020 ; T. Hung
t al. 2021 ; J. Zhu et al. 2025 ), a single-temperature blackbody fit
o NUV and optical photometry often underestimates the FUV
ontinuum. Nevertheless, the blackbody function has the advan- 
age of simplicity and provides estimates of the characteristic size 
nd temperature of the UV/optical emitting region, albeit with 
ystematic uncertainties. 
With this caveat in mind, we note that the TDE-featureless 
lass appears bimodal in peak Lbb (panel e): one population has 
 × 1044 � [ Lbb / (erg s−1 )] � 3 × 1045 , and another has 1043 �
 Lbb / (erg s−1 )] � 4 × 1043 . This bimodality is also evident in
og [ Rbb / (cm )] (panel d). 
To assess bimodality robustness, we perform a conservative 
ootstrap analysis using K-means clustering. For each spectral 
ubtype, we perform 1000 bootstrap iterations where each data 
oint is perturbed by Gaussian noise ( σ = 0 . 05 dex for log Tbb and
= 0 . 02 dex for log Rbb ) 5 to account for measurement uncertain-

ies. In each iteration, we fit a two-component K-means model 
nd compute: (1) the silhouette score, 6 which quantifies clus- 
er quality by measuring how well-separated points are between 
lusters relative to their dispersion within clusters, and (2) the 
eparation ratio (Cohen’s d), 7 defined as the distance between 
luster centers divided by the pooled within-cluster standard de- 
iation. We impose stringent dual criteria for claiming bimodal- 
ty: silhouette score > 0 . 7 (indicating excellent cluster separation)
nd separation ratio > 3.0 (indicating clusters separated by more 
han 3 σ ). A distribution is classified as robustly bimodal only if 
 80 per cent of bootstrap samples simultaneously satisfy both 
riteria. 
Table 4 presents the results using only the comparison sam- 
le of 49 TDEs. The TDE-featureless class exhibits robust bi- 
odality in both log Lbb (100.0 per cent of bootstrap samples) and 
og Rbb (86.8 per cent), while all other spectral subtypes are con- 
istent with unimodal distributions. Including AT2024kmq and 
T2024lhc in the test leads to slightly different fractions: log Lbb 
99.9 per cent of bootstrap samples) and log Rbb (93.5 per cent), 
nd evidence for bimodality remains strong. We caution that 
iven the small sample size and potential selection biases, this 
imodal structure should be validated with larger, systematically 
elected samples in future work. 
The bimodality seen among the TDE-featureless class may be 
losely connected to the physical conditions required to suppress 
ine formation in luminous transients. In particular, the radiative 
 These are the medians of measurement uncertainties (see e.g. table 6 
f E. Hammerstein et al. 2023a ). We have verified that choosing slightly 
ifferent values of σ does not significantly change the results of our 
nalysis. 
 https://en.wikipedia.org/wiki/Silhouette_(clustering) 
 https://en.wikipedia.org/wiki/Effect_size#Cohen’s_d 
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ransfer models of O. Aspegren & D. Kasen ( 2026 ) show that
eatureless blue spectra can arise in multiple regimes that lead to
igh ionization. The ionization state is set by the Saha equation,
hich depends on the temperature – the hotter the medium, the 
ore ionized it is – so sustaining high temperatures is key to
uppressing line formation. Within this framework, the two sub- 
lasses we identify may represent two ways that inhibit line for-
ation: a high source luminosity regime (where AT2024kmq and 
T2024lhc reside) and a compact photosphere regime (contain- 
ng AT2019wzc, AT2020ohl, AT2021ehb, and AT2022gri). Consis- 
ent with this interpretation, panel (b) of Fig. 12 shows that the
DE-featureless and TDE-He sub-types generally exhibit higher 
eak blackbody temperatures compared to the TDE-H + He sub- 
ype, with the TDE-H sub-type exhibiting the lowest tempera- 
ures. 
Higher-mass BHs may also favour featureless spectra since 
tronger GR effects could boost outflow velocities, which help 
uppress intrinsically strong UV metal lines (O. Aspegren & D. 
asen 2026 ). Indeed, J. Zhu et al. ( 2025 ) presented HST UV
pectra of three sub-luminous featureless TDEs (AT2019wzc, 
T2021ehb, AT2022gri), demonstrating their lack of spectral fea- 
ures even in the UV. This suggests that high outflow veloci-
ies may also play a role in establishing featureless spectra. The
ST UV spectrum of AT2024lhc presented here is not of high
nough SNR to search for spectral lines – future UV spectroscopy 
tudies of luminous featureless TDEs will be useful to test this
ypothesis. 

.2 Origin of the TDE hard X-ray emission 

 common behaviour between AT2024kmq and AT2024lhc is 
heir luminous ( LX , peak ∼ 1044 erg s−1 ) X-ray emission appearing 
t early times. Their peak X-ray luminosities exceed the pre-flare 
ost galaxy levels (Table 1 ) by more than two orders of magni-
ude, ruling out contamination from pre-existing AGNs. The X- 
ay spectral hardness is inconsistent with thermal emission from 

n accretion disc. In both events, NuSTAR detects high-energy 
hotons extending to ∼20 keV (Fig. A1 ). 
The minimum detected X-ray variability time-scales are 1.3 and 
.8 h for both AT2024kmq and AT2024lhc, respectively (see Table 
 ), providing upper limits on the intrinsic variability time-scales. 
or a 108 M� BH, this corresponds to ∼ 10 light-crossing times of 
he gravitational radius ( tg = rg /c ≈ 500 s). The rapid X-ray vari-
bility therefore constrains the X-ray emitting region to � 10 rg .
his strongly suggests a compact emitting region. The absence of 
adio detections of the transients out to trest ∼ 1 yr (Section 3.5 )
isfavours a jet, though a highly off-axis configuration (I. Sfaradi 
t al. 2024 ) cannot be excluded. 
Power-law X-ray continua can arise from two primary mech- 
nisms: thermal Comptonization, in which soft disc photons are 
nverse Compton scattered by thermal electrons in a hot, optically 
hin, compact corona (R. A. Sunyaev & L. G. Titarchuk 1980 ),
r bulk Comptonization, in which photons are upscattered by 
lectrons with non-uniform transrelativistic bulk motions (R. D. 
landford & D. G. Payne 1981 ). In AGNs and XRBs, thermal
omptonization dominates (M. Gilfanov & A. Merloni 2014 ; E. 
ara & J. García 2025 ), though recent three-dimensional radia- 
ion magnetohydrodynamic simulations of AGN and TDE envi- 
onments suggest bulk Comptonization may also contribute (Y.- 
. Jiang et al. 2025 ; X. Huang et al. 2025 ). 
The broad-band spectrum shape of both events during their 
ain peaks are similar to those found in recent simulations
MNRAS 549, 1–24 (2026)
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Figure 13. X-ray light curves of 11 ZTF TDEs with eROSITA detections within 6 months after first optical light. The data points are colour-coded by the 
X-ray spectral power-law index �. 
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8 We note that M. Brightman et al. ( 2021 ) reported σ∗ = 213 ± 12 km s−1 
for ZTF19acymzwg (SDSS J1430 + 43) using a Keck/LRIS spectrum, 
which does not have the resolution to measure σ∗. We therefore exclude 
this measurement and estimate the black hole mass from its Mgal instead. 
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ue to bulk Comptonization (X. Huang et al. 2025 ). However,
T2024kmq exhibits a hard X-ray photon index at late times
 � ≈ 1 . 6 ; Fig. 2 , Table B2 ), whereas the spectrum shape produced
y bulk Comptonization is sensitive to local velocity field and
arely produce photon index of � < 2 (R. D. Blandford & D.
. Payne 1981 ). We will later show that thermal Comptoniza-
ion naturally explains why hard X-rays are preferentially de-
ected in high- MBH TDEs (see below). Note that in the accretion
isc plus corona geometry, one would expect reflection features
e.g. relativistically broadened iron line and Compton hump;
. C. Fabian 2016 ) to be present. However, the faintness of 
hese TDEs precludes detection of such features in our NuSTAR
bservations. 
Previous X-ray studies of non-jetted TDEs have established that

heir emission is typically soft and consistent with thermal disc
mission (K. Auchettl, J. Guillochon & E. Ramirez-Ruiz 2017 ;
. Sazonov et al. 2021 ; M. Guolo et al. 2024 ). In some cases
e.g. AT2018fyk, AT2020ocn, and AT2021ehb), a spectral state
ransition of soft → hard (or soft → intermediate) have been
bserved at a few hundred days after the optical peak, which has
een interpreted as coming from inverse Compton scattering of 
hermal disc photons in a region of hot corona (T. Wevers et al.
021 ; Y. Yao et al. 2022 ; M. Guolo et al. 2024 ). Y. Yao et al. ( 2022 )
ostulated that in those events, a few hundred days is needed for
he magnetic field to build up via differential rotation, which then
eads to a magnetically dominated hot corona. In ASASSN-15oi,
he soft → hard transition occurred around ∼ 103 d (A. Hajela
t al. 2025 ). 
In contrast, AT2024kmq and AT2024lhc exhibit hard X-ray
mission at much earlier times ( trest < 50 d or no later than the
ptical peak), raising the question: what physical conditions en-
ble rapid corona formation? To address this, we next contextu-
lize our events within a control sample of ZTF TDEs with early-
ime X-ray constraints, and compare observations with accretion
isc theories. 

.2.1 Evidence for soft-to-hard state transition at ṁ = 0 . 03 

e utilize X-ray data from the eROSITA-RU covering Galactic
ongitudes 0◦ < l < 180◦. During its all-sky surveys (December
019–February 2022, with 6-month cadence), eROSITA provides
nbiased X-ray snapshots for ZTF TDEs. We selected all pub-
icly classified TDEs passing the ZTF TDE selection filter (S. van
NRAS 549, 1–24 (2026)
elzen et al. 2021 ) with at least one eROSITA observation be-
ween first optical light tfl and 6 months after tfl . This yields a com-
arison sample of 30 TDEs constructed without prior knowledge
f X-ray properties. Following the procedures adopted in Sec-
ion 4.1 , we estimate the BH masses of this comparison sample 8 
sing host-galaxy scaling relations: the MBH –σ∗ relation for galax-
es with measured velocity dispersions, and the MBH –Mgal rela-
ion otherwise. We cross-matched this sample with the eROSITA
ource catalogue, resulting in 11 TDEs with matched sources.
he eROSITA upper limits of the remaining 19 sources are all
 1043 erg s−1 . 
In Fig. 13 , we show the detailed X-ray (eROSITA + Swift /XRT)

ight curves of the 11 detected sources, colour-coded by �. All X-
ay spectra were modelled using tbabs ∗zashift ∗powerlaw
ollowing the same procedures outlined in Section 3.4.1 . For
TF19acymzwg (SDSS J1430 + 43), we further added a compo-
ent of host absorption ( ztbabs ) with NH , host fixed at 7 ×
020 cm−2 , following M. Brightman et al. ( 2021 ). Based on the val-
es of �, we divide the X-ray states into soft ( � > 4 ), intermediate
 � ∼ 3 ), and hard ( � � 2 . 5 ). As indicated by Fig. 13 , the X-ray
pectral evolution of the 11 TDEs with eROSITA detections can
enerally be divided into three categories: those with soft spectra
hroughout the first ∼ 2 yr, those with hard/intermediate spectra
hroughout the first ∼ 2 yr, and those with a spectral transition of 
oft → hard / intermediate around ∼ 1 yr. 
In Fig. 14 , we show the distribution of the comparison sample

n the Mg, peak vs. MBH diagram, colour-coded by the X-ray spectral
lass. One striking result is the mass segregation of those TDEs
hat have X-ray spectra which are always soft (lowest masses),
ransition between states (middle masses) and are always hard
highest masses). We caution that if we attribute the soft compo-
ent to a thermally emitting disc, then at fixed Eddington ratio,
he peak disc temperature Tp ∝ M−1 / 4 

BH , such that at sufficiently
igh BH masses ( MBH � 107 M�), the Wien tail of the disc spec-
rum is not expected to produce detectable soft X-ray emission
see e.g. fig. 5 of M. Guolo et al. 2025 ). It is therefore not surprising
hat there exist no events with MBH ∼ 108 M� classified in the
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Figure 14. Upper : Black hole mass distribution of X-ray detected TDEs 
obtained by kernel density estimation, using a kernel width equal to the 
uncertainty of MBH . For the ‘hard/intermediate throughout’ class, the 
thin blue line shows the result including AT2024kmq and AT2024lhc, 
while the thick blue line shows the result with the comparison sample 
only. Bottom : Peak rest-frame g-band luminosity versus black hole mass 
for AT2024kmq, AT2024lhc, and the comparison sample, where MBH is 
estimated using host-galaxy scaling relations. Markers follow the same 
scheme as in Fig. 13 . We caution that for BH masses � 107 M�, the peak 
of the disc thermal emission falls below the observable X-ray band. 
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show 1 σ , 2 σ , and 3 σ confidence intervals respectively (i.e. they contain 
68.3 per cent, 95.4 per cent and 99.7 per cent of the points). The black 
dashed curve shows the analytical scaling argument discussed in the text 
ttr ∝ M−3 / 4 

BH . We see that the analytical argument captures the main trend 
across the simulated population. The vast majority of sources with black 
holes mass MBH � 108 M� did not ever exceed an Eddington ratio of 0.03, 
and are not displayed. 
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oft-only class. However, if those high- MBH TDEs transition to the 
ard state during later phases of the flare evolution, they should
roduce detectable hard X-ray emission. 
This mass segregation of the X-ray spectral states of TDEs was 
redicted by A. Mummery & S. A. Balbus ( 2021a ). It can be un-
erstood with classical time-dependent accretion disc theory, and 
he additional assumption that TDE discs transition to a harder 
ccretion state at a fixed ṁ . Heuristically, note that the viscous 
ime-scale in a TDE disc is (to leading order) independent of BH
ass 

visc ≈ α−1 (h/r )−2 
√ 

r3 T /GMBH ≈ α−1 (h/r )−2 
√ 

R3 � /GM� , (4) 

here h/r is the aspect ratio of the disc. We assume that a frac-
ion fd of the returning stellar material which forms a disc, such
hat Mdisc = fd M� does not depend on MBH . Thus, the peak accre- 
ion rate (in unit of ṀEdd ) of a TDE disc is generically a decreasing
unction of BH mass 

˙ peak ≡ Ṁacc , peak 

ṀEdd 
≈ Mdisc 

tvisc 
× 1 
ṀEdd 

∝ 1 
MBH 

. (5) 

ith a lower ṁpeak and a similar evolutionary time-scale, higher 
ass BH TDEs will have ṁpeak ∼ 0 . 01 at earlier times, making 
hem more likely to be represented in a sample of TDEs with
oronae. Conversely, lower-mass BHs will stay above a given Ed- 
ington accretion ratio for longer. 
The above heuristic argument can be made quantitative. In- 
eed, A. Mummery ( 2026 ) calculated the time it takes for a TDE
isc accretion rate to drop to a certain value of ṁ , which we
enote ttr . For a full disruption, the transition time is 

tr ≈ 4000 d α−1 / 4 
−1 θ

−1 / 2 
−1 η

3 / 4 
−1 f

3 / 4 
d , −1 m

5 / 8 
� r

3 / 8 
� ṁ

−3 / 4 
−2 M

−3 / 4 
BH , 6 . (6) 

ere, η is the radiative efficiency of the accretion disc, m� ≡
� / M�, r� ≡ R� /R�, and θ ≡ (h/r) . A subscript −1 (−2) indi-
ates that a value has been normalized by 0.1 (0.01), respectively.
he mass-segregation of the different spectral states can then be 
nderstood from the ttr ∝ M−3 / 4 

BH scaling of the time to fall to a
xed value of ṁ . 
To verify this quantitatively, we perform a numerical popula- 

ion synthesis calculation of the time required to reach ṁ = 0 . 03 .
his threshold is motivated by observations of BH XRBs (see 
ection 1 ). We sample BH masses from a log-uniform distribution
panning 105 . 5 –108 . 5 M� and, for each BH mass, draw stellar, 9 
nd disc properties following A. Mummery et al. ( 2024 ). For ev-
ry sampled system, we solve the time-dependent disc equations 
sing the fitted code (A. Mummery et al. 2025a ) to compute
he transition time ttr at which the disc bolometric luminosity 
eaches 0 . 03 LEdd . Fig. 15 shows the resulting distribution of MBH 
ersus ttr from N = 105 simulated systems. The black dashed 
MNRAS 549, 1–24 (2026)
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M

Figure 16. Upper : One-dimensional probability distributions of the tran- 
sition time for disc systems within a factor 2 of the black hole masses 
denoted on the plot. We see that MBH ∼ 106 M� TDE systems typically 
take ∼ 103 d (multiple years), MBH ∼ 107 M� systems typically transition 
after ∼ 1 yr, while MBH ∼ 108 M� systems transition rapidly at t � 100 d, 
and will likely only ever be observed in a harder state. Lower : One- 
dimensional projection of the black hole masses for systems which tran- 
sition through ṁ = 0 . 03 in different temporal bins: rapidly ttr < 100 d 
(blue posterior), on intermediate time-scales ttr ∈ (300 , 500) d (orange 
posterior), and on long time-scales ttr > 103 d. These posteriors are in 
good agreement with that seen in the data (upper panel of Fig. 14 ). 
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urve shows the analytical prediction from equation ( 6 ), which
ccurately captures the mean trend and validates the ttr ∝ M−3 / 4 

BH 
caling. 
To elucidate the mass-dependent transition behaviour, we
roject the two-dimensional MBH –ttr distribution (Fig. 15 ) onto
ne-dimensional posteriors. In Fig. 16 , the upper panel shows
he distribution of transition times for systems within three
arrow (within ±0 . 1 dex) mass bins ( MBH = 106 , 107 , and
08 M�); the lower panel shows the BH mass distributions for
ystems transitioning within specific time windows (early: ttr <
00 d; intermediate: 300–500 d; late: > 1000 d), which closely
atch the observed mass segregation in X-ray spectral states
Fig. 14 , upper panel). These distributions demonstrate that sim-
le time-dependent disc theory quantitatively reproduces the
ata. 
NRAS 549, 1–24 (2026)
We note again that at fixed Eddington ratio, higher-mass BHs
roduce cooler accretion discs whose peak thermal emission
ies below the soft X-ray band. A. Mummery & S. A. Balbus
 2021b ) showed that above a critical mass Mcrit ∼ 2 × 107 M�,
DE discs become increasingly unlikely to produce detectable
hermal X-ray emission, as the disc emission peaks in the EUV
and. Consequently, even if a MBH ∼ 108 M� TDE remains above
he ṁ ∼ 0 . 03 threshold and has not yet formed a corona, it
ould likely evade detection in soft X-ray surveys. However,
nce these high-mass systems transition into the hard (coro-
al) state, they will become X-ray detectable again. Among the
ve TDEs in the ‘hard/intermediate throughout’ X-ray sub-class
namely SDSSJ1433 + 40, AT2020nov, and AT2020ohl in the con-
rol sample, as well as AT2024kmq and AT2024lhc), the earli-
st post-discovery X-ray observations already reveal hard-state
etections (instead of upper limits), indicating that the corona
ormed promptly after disruption. 
In this respect, our results are consistent with the assumption

hat TDEs undergo a soft-to-hard spectral transition at ṁ ∼ 0 . 03 ,
henomenologically resembling scaled-up XRBs in terms of the
ritical Eddington ratio. Recent studies found that TDEs with
oronae are more X-ray variable than thermal TDEs, typically at
he > 10 per cent level on 1–10 ks time-scales (J. Chakraborty et al.
026 ), which is compatible with our observations of AT2024lhc
nd AT2024kmq. This further supports a scenario in which
orona formation enhances variability, again reminiscent of XRB
ehaviour. However, the characteristic time-scales of these tran-
itions differ markedly: XRB state changes typically occur over
ours to a few days, whereas the analogous transitions inferred
n TDEs occur over a few to tens of days (T. Wevers et al.
021 ; Y. Yao et al. 2022 ), corresponding to much shorter du-
ations when expressed in units of the BH dynamical or vis-
ous time-scales. The physical origin of this discrepancy remains
nclear (but see possible explanations by H. Noda & C. Done
018 ) and warrants further investigation in future theoretical
ork. 

.2.2 A note on radio observations 

n the context of XRBs, the soft-to-hard state transition is also
ssociated with mass ejection and radio emission from a compact
et (R. P. Fender et al. 2004 ), and the 5 GHz radio luminosity
R , the 2–10 keV X-ray luminosity, and BH mass are observed
o follow the ‘Fundamental Plane (FP) of black hole activity’ (E.
allo, R. P. Fender & G. G. Pooley 2003 ; A. Merloni, S. Heinz &
. di Matteo 2003 ; H. Falcke, E. Körding & S. Markoff 2004 ). It
as been shown that some TDEs may also follow the FP (J. M.
ïller & K. Gültekin 2011 ; D. R. Pasham & S. van Velzen 2018 ; K.
. Alexander et al. 2026 ). We use this empirical relation to predict
he expected radio emission from our TDEs and compare it to our
bservations. 
For AT2024kmq at tobs = 232 d, the 2–10 keV X-ray luminosity

s log LX = 43 . 90 ± 0 . 17 . Using the FP relation from K. Gültekin
t al. ( 2019 ) and taking the σ∗-inferred BH mass (Table 1 ), the
adio luminosity should be log LR = 39 . 88+0 . 72 

−0 . 69 , which exceeds the
bserved radio upper limit (Section 3.5 ) by 1 . 3 σ . Similarly, for
T2024lhc at tobs = 77 d, we have log LX = 43 . 98+0 . 24 

−0 . 25 and expect
og LR = 40 . 34+0 . 75 

−0 . 70 , which is more luminous than the transient
adio upper limit by 3 . 1 σ . The tension with the FP predictions
uggests either intrinsically weak/absent outflows or an off-axis
et geometry. Further radio monitoring is warranted to confirm
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r rule out delayed jet brightening expected from off-axis config- 
rations. 
We note that the launch of a radio-emitting jet or outflow at

˙  ∼ 0 . 03 is one of the scenarios proposed by D. Giannios & B. D.
etzger ( 2011 ) for TDEs in the soft-to-hard transition regime. K.
. Alexander et al. ( 2026 ) recently attempted to test this scenario
nd found suggestive evidence; however, their estimates of the 
ass accretion rate, based on the mosfit framework, are subject 
o significant systematic uncertainties (especially at late times). 
nterestingly, the only X-ray-detected TDE in their sample that is 
adio underluminous relative to the FP at t < 1 yr is AT2018fyk,
hich also has the highest BH mass of any TDE in their
ample [log (MBH / M�) = 8 . 0 ± 0 . 3 ; T. Wevers 2020 ; K. D. Alexan-
er et al. 2026 ]. AT2018fyk underwent a clear soft-to-hard transi-
ion at ∼ 100−200 d (T. Wevers et al. 2021 ), but was not detected
n the radio until 1991 d post-discovery (Y. Cendes et al. 2024 ).
fter its radio detection, AT2018fyk was found to roughly follow 

he FP (K. D. Alexander et al. 2026 ). This could suggest either that
T2018fyk’s radio emission was indeed powered by a jet launched 
t the time of the X-ray state transition but was suppressed at
arlier times due to relativistic beaming and an off-axis viewing 
ngle, or that its radio-emitting jet or outflow was not launched 
ntil well after this transition occurred. This example also moti- 
ates long-term radio monitoring of AT2024kmq and AT2024lhc 
o search for analogous behaviour. 

.3 Optical precursor from self-intersecting shocks 

T2024kmq exhibited a red ( Tbb ∼ 6 × 103 K) and rapidly fading 
duration ∼ 10 d, Fig. 3 ) precursor outburst that preceded the
ain optical peak by ∼ 30 d (rest frame). A. Y. Q. Ho et al. ( 2025 )
roposed two scenarios for this early emission: (1) an optically 
hin synchrotron component powered by a forward shock driven 
y a jet, analogous to GRB afterglows (T. Matsumoto & B. D. Met-
ger 2023 ), or (2) expanding debris generated by self-intersection 
f the stellar streams, where a fraction of the stream kinetic en-
rgy is converted to thermal energy. Scenario (1) predicts a ris-
ng late-time radio light curve; our non-detection of bright radio 
mission out to trest ∼ 1 yr (Fig. 8 ) disfavours this interpretation
or AT2024kmq. 
The self-intersection scenario provides a natural explana- 

ion for the precursor emission. For the massive BH powering 
T2024kmq ( MBH ∼ 108 M�), the collision between incoming 
nd outgoing debris streams (expected to facilitate circularization 
nd disc formation) occurs at � 10 rg for canonical impact param-
ters, even for partial disruptions. The relative velocity between 
he streams at the moment of self-intersection therefore amounts 
o tens of per cent of the speed of light, leading to substantial
inetic energy dissipation and heating of the gas (i.e. the strong
ature of the shock implies the downstream gas is radiation- 
ominated, reaching radiation and gas temperatures on the order 
f ∼ 106 K). In such scenarios, radiation-hydrodynamical simu- 
ations (Y.-F. Jiang, Guillochon & Loeb 2016 ; X. Huang, S. W.
avis & Y.-f. Jiang 2023 , 2024 ), as well as analytical estimates (L.
ai, J. C. McKinney & M. C. Miller 2015 ; W. Lu & C. Bonnerot
020 ; C. Bonnerot, W. Lu & P. F. Hopkins 2021 ), suggest that
ome of the debris can be ejected from the system at substantial
ractions of the self-intersection speed. If this self-intersection 
reates an expanding cloud of debris (also seen in radiation- 
ydrodynamical simulations; Y.-F. Jiang et al. 2016 ), then A. Y. 
. Ho et al. ( 2025 ) found that many properties of the precursor
xhibited by AT2024kmq, including its temperature, duration, 
nd overall energetics, could be explained by the emission from 

his byproduct of the self-intersection. 
AT2024lhc exhibited qualitatively similar behaviour, with a 

uminous, rapidly fading precursor and comparable BH mass 
Figs 3 , 9 ), supporting a similar physical origin. The precur-
or in AT2024lhc has a higher effective temperature ( Tbb ∼ 2 ×
04 K, a factor of ∼ 3 larger than AT2024kmq), which remains 
onsistent with the simulations of Y.-F. Jiang et al. ( 2016 ) and
ikely reflects a smaller photospheric radius (and correspond- 
ngly higher temperature) when the expanding debris was first 
etected. 
The self-intersection paradigm applies to TDEs across the BH 

ass spectrum, raising the question: why are such precursors 
are? As suggested by A. Y. Q. Ho et al. ( 2025 ), lower-mass BHs
 MBH � 107 M�) have larger self-intersection radii where dissi- 
ation is less efficient, producing weaker or absent optical sig- 
atures. At these radii, more debris remains bound, with radia- 
ion advected inward rather than emitted by outward-propagating 
aterial. Since the volumetric rate of TDEs peaks at lower BH
asses (Y. Yao et al. 2023 ), the same phenomenon may be ubiq-
itous but simply more difficult to detect in the dominant TDE
opulation. 

.4 Post-precursor UV/optical emission 

.4.1 Power sources of the main peak 

he origin of the peak UV/optical emission in TDEs remains 
ctively debated. Available TDE models that produce UV/optical 
ight curves, such as the TDE module in mosfit (B. Mockler, J.
uillochon & E. Ramirez-Ruiz 2019 ), the reprocessing-outflow 

odel of T. Matsumoto & T. Piran ( 2021 ), and the quasi-spherical
ooling envelope model in redback ( N. Sarin & B. D. Metzger
024 ), when applied to TDEs with MBH > 107 M� (inferred from 

ost galaxies), systematically underestimate BH masses (P. Rams- 
en et al. 2022 ; E. Hammerstein et al. 2023a ; J. L. Wise et al. 2026 ;
. Guolo et al. 2025 ), suggesting missing physics in the models
r alternative emission mechanisms. 
The large BH mass inferred for AT2024kmq and AT2024lhc 

acilitates prompt self-intersection and ensuing accretion, and the 
act that standard accretion disc theory successfully explains the 
bserved X-ray state transitions (Section 4.2 ) strongly supports ac-
retion as the dominant power source. Indeed, during the entire 
-ray monitoring phase of AT2024lhc ( trest ≥ 48 d) and at later
imes in AT2024kmq ( trest � 100 d), the X-ray light curves roughly
rack the UV/optical decline: both decline by about one order of 
agnitude over ∼ 1 yr (Figs 1 , 2 , and 9 ). Since the coronal X-
ay emission is powered by Comptonization of disc photons, the 
bserved correlation between X-ray and UV/optical luminosities 
uggests that both trace the disc accretion rate. 
We can test whether accretion power alone accounts for the 
V/optical luminosity by comparing the peak bolometric lumi- 
osity to the expected accretion luminosity at the state transi- 
ion threshold. Under the assumptions of Section 4.2 , if accre-
ion is the sole power source, we expect λEdd , peak � 0 . 03 at the
ptical peak. This prediction is consistent with observations of 
T2024lhc (Table 3 ). However, AT2024kmq reaches λEdd , peak � 

 . 04 , suggesting that there is likely an additional power source
at least at its UV/optical peak), most likely shocks from stream–
isc collisions (E. Steinberg & N. C. Stone 2024 ) and circu-
arization shocks within the accretion flow (X. Huang et al. 
025 ). 
MNRAS 549, 1–24 (2026)
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.4.2 AT2024kmq’s late-time rebrightening 

ate-time rebrightening has been observed in numerous TDEs.
hey exhibit diverse characteristics in timing, luminosity, and
ight curve morphology. Some events show significant, multiple
ndulations during the decline phase (T. Wevers et al. 2021 ; Y.
ao et al. 2025 ), while others exhibit discrete flares with shapes
nd amplitudes either similar (A. V. Payne et al. 2021 ; Z. Lin
t al. 2024 ; J. J. Somalwar et al. 2025 ; C. R. Angus et al. 2026 ) or
arkedly different (E. Kankare et al. 2017 ; A. Malyali et al. 2021 ;
. Yao et al. 2023 ) from the initial outburst. When well-separated
ares display similar characteristics, they are commonly inter-
reted as repeated partial TDEs from a single star on an eccentric
rbit (C. Liu, R. Yarza & E. Ramirez-Ruiz 2025 ; S. Zhong 2025 )
r as distinct TDEs from multiple stars (I. Mandel & Y. Levin
015 ). 
For AT2024kmq, the modest amplitude of the rebrightening

avors a single TDE with multiphase evolution rather than a
epeated disruption scenario. Several physical mechanisms have
een proposed to explain such rebrightenings. Some models at-
ribute the initial flare to shock-powered emission and the sub-
equent rebrightening to delayed accretion disc formation (J.-H.
hen, L.-M. Dou & R.-F. Shen 2022 ; H. Guo et al. 2025 ), while
thers invoke interactions between disc winds or debris streams
nd a dusty torus (N. Jiang et al. 2019 ; J. Zhuang & R.-F. Shen
021 ) – a scenario particularly relevant for TDEs in radiative-
ode AGNs. 
In the case of AT2024kmq, multiple lines of evidence point to
arly disc formation (Section 4.2 ), ruling out delayed accretion
s the origin of the rebrightening. Furthermore, the WISE colour
Table 1 ) argues against the presence of a dusty torus, disfavour-
ng wind–torus interaction scenarios. Given that the host galaxy
arbours a jet-mode AGN, which likely possesses a truncated thin
isc (Section 3.5.2 ), we speculate that the rebrightening arises
rom interactions between TDE’s newly formed accretion flow
nd the pre-existing truncated accretion flow. Future theoretical
ork exploring TDE-truncated disc interactions may naturally
xplain the late-time rebrightenings observed in TDEs hosted by
adio-loud AGNs. 

 CONCLUSION  

e have presented multiwavelength observations of two lumi-
ous featureless TDEs, AT2024kmq and AT2024lhc. Both events
re hosted by MBHs ( MBH ∼ 108 M�) and share distinctive obser-
ational signatures. 
They exhibit luminous ( LX , peak ∼ 1044 erg s−1 ), rapidly vari-
ble (minimum observed time-scale ∼ 1 . 2 –4.8 h) X-ray emission
ppearing at early times ( trest < 50 d, contemporaneous with or
receding the optical peak). Their X-ray spectra are characterized
y power-law photon indices 1 . 7 < � < 3 , with NuSTAR detect-
ng photons extending to ∼20 keV. Rapid variability restricts the
-ray emitting region to RX � 10 rg , while the absence of radio
mission disfavors relativistic jets. We interpret this emission as
nverse Compton scattering in a compact corona, formed within
50 d of disruption, far more rapidly than the ∼200–1000 d time-

cales observed in lower-mass ( MBH ∼ 106 –107 M�) TDE systems
Y. Yao et al. 2022 ; A. Hajela et al. 2025 ). 
For TDEs as a population, we find that the various X-ray spec-

ral states observed can be understood with simple disc theory,
ssuming that soft-to-hard state transition happens at a time
NRAS 549, 1–24 (2026)
hen the Eddington-normalized mass accretion rate declines to
he critical value of ṁ ∼ 0 . 03 (Section 4.2.1 ). This observational
esult confirms the theoretical prediction of A. Mummery & S.
. Balbus ( 2021b ). From the perspective of X-ray state transi-
ions, the accretion discs of TDEs behave phenomenologically
s scaled-up versions of XRBs, although the fast duration of the
ransition and the radio non-detections warrant further investi-
ation. 
Both AT2024kmq and AT2024lhc also exhibited optical pre-
ursor outbursts that preceded the main peak by ∼30 d (rest
rame), and are consistent with being powered by shocks
enerated by debris stream self-intersection. If this interpreta-
ion is correct, optical precursors should be more prominent
n TDEs around more MBHs – a prediction that can be tested
ith future systematic searches and analyses of TDE precursor
mission. 
Through systematic comparison of 49 ZTF TDEs spanning four
pectral sub-types (TDE-H + He, TDE-H, TDE-He, and TDE-
eatureless), we find that featureless TDEs are hosted by high-
ass BHs, consistent with the findings of E. Hammerstein et al.

 2023a ). Featureless TDEs exhibit robust bimodality in both peak
lackbody luminosity and radius. AT2024kmq and AT2024lhc
elong to the high-luminosity, large-radius sub-class. These two
ub-classes likely represent two ways (i.e. high source luminosity
nd small photosphere; Fig. 12 ) to achieve the high ionization
equired to suppress spectral lines as demonstrated in O. Aspe-
ren & D. Kasen ( 2026 ). 
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Figure A1. Joint spectral fitting between NuSTAR and XRT. The dashed 
lines show the best-fitting absorbed power-law model. 
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PPENDIX  B:  SUPPLEMENTARY  TABLES  

 log of optical spectroscopy of AT2024kmq and AT2024lhc is
resented in Table B1 . A log of NuSTAR observations is presented
NRAS 549, 1–24 (2026)

Table B1. Log of optical spectroscopy. 

IAU name Start date trest Telescope In
( ut ) (d) 

AT2024lhc 2024-06-14.4 42 Shane 
AT2024lhc 2024-06-28.3 54 Shane 
AT2024lhc 2024-07-02.5 57 Keck I 
AT2024lhc 2024-07-29.4 80 Keck I 
AT2024lhc 2024-08-15.4 94 Shane 
AT2024lhc 2024-08-28.4 104 Shane 
AT2024lhc 2025-03-05.6 262 Keck I 
AT2024lhc 2026-06-01.5 335 Keck I 
AT2024kmq 2024-11-28.5 b 153 Shane 
AT2024kmq 2024-11-29.5 b 154 Shane 
AT2024kmq 2024-12-08.2 161 NOT 
AT2024kmq 2025-06-25.6 328 Keck I 

Note.a Exposure times on blue/red sides of the spectrograph. b The red side of
used on the blue side to increase the wavelength coverage. These two spectra 

Table B2. NuSTAR observation log and joint spectral fitting with XRT. 

Name obsID Exp. Start time tobs trest 
(ks) ( ut ) (d) (d) 

AT2024kmq 81001608002 a 67.3 2024-11-02.1 157 132
81002638002 b 23.0 2025-01-29.5 245 206
81002638004 b 22.5 2025-02-10.9 257 216
81002638006 b 49.4 2025-03-04.6 279 234

AT2024lhc 81001628002 c 54.6 2024-07-03.1 70 59 

Note. The FPMA net count rate is given in the 3–15 keV energy band. fX is t
XRT obsID 16717008. b PI: Pasham. The tobs = 245 d observation was jointly
jointly modelled with XRT obsIDs 16717020, 16717016, 16717022; and the tob
16717024, 16717025. c PI: Yao. Jointly modelled with XRT obsID 16665006. 
n Table B2 . A log of XMM–Newton and Chandra observations is
resented in Table B3 . The VLA observation logs are presented in
ables B4 –B5 . 
strument Wavelength range Slit width Exp. 
(Å) (arcsec) (s) 

Kast 3525–10500 2.0 3660/3600 a 

Kast 3525–10500 2.0 3660/3600 a 

LRIS 3260–10250 1.0 650/600 a 

LRIS 3260–10250 0.7 600 
Kast 3525–10500 2.0 3660/3600 a 

Kast 3525–10500 2.0 3660/3600 a 

LRIS 3260–10250 1.0 1200/1150 a 

LRIS 3260–10250 1.0 2400/2300 a 

Kast 4170–6830 1.5 3566 
Kast 4170–6830 1.5 2145 

ALFOSC 3500–9700 1.0 3000 
LRIS 3260–10250 1.0 2400/2300a 

 Kast was not available on those dates. As such, the 452/3306 grism was 
are combined and displayed as a single spectrum in Fig. 4 . 

FPMA count rate � fX cstat/dof 
( count s−1 ) ( 10−13 erg s−1 cm−2 ) 

 0 . 0008 ± 0 . 0002 2 . 59+0 . 17 
−0 . 18 3 . 68+0 . 87 

−0 . 66 31.15/33 
 0 . 0026 ± 0 . 0004 1 . 63+0 . 20 

−0 . 22 3 . 66+0 . 61 
−0 . 63 47.68/39 

 0 . 0015 ± 0 . 0004 1 . 72+0 . 16 
−0 . 17 2 . 75+0 . 51 

−0 . 39 28.09/47 
 0 . 0012 ± 0 . 0002 1 . 59+0 . 16 

−0 . 18 1 . 91+0 . 20 
−0 . 46 45.25/50 

0 . 0037 ± 0 . 0003 1 . 93 ± 0 . 05 6 . 46+0 . 42 
−0 . 39 81.22/93 

he observed 0.3–10 keV X-ray flux. a PI: Guolo. Jointly modelled with 
 modeled with XRT obsID 16717015; the tobs = 279 d observation was 
s = 257 d observation was jointly modelled with XRT obsIDs 16717023, 
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Table B3. XMM-Newton and Chandra observation log and spectral fitting results. 

Name Telescope obsID Exp. Start time tobs � fX cstat/dof 

(ks) (UT) (d) ( 10−13 erg s−1 cm−2 ) 

AT2024kmq Chandraa 30886 16.7 2025-05-05.3 340 1 . 77 ± 0 . 27 0 . 99+0 . 11 
−0 . 13 32.43/31 

AT2024lhc XMM–Newtonb 0942540201 14.7 2024-09-23.4 152 2 . 13 ± 0 . 06 4 . 39+0 . 22 
−0 . 23 30.42/26 

Chandraa 30885 15.9 2025-05-06.6 377 1 . 74 ± 0 . 15 3 . 05+0 . 20 
−0 . 17 43.28/47 

XMM–Newtonc 0953000101 7.6 2025-08-14.4 477 2 . 06+0 . 30 
−0 . 29 0 . 67+0 . 26 

−0 . 12 14.84/10 

Note. fX is the observed 0.3–10 keV X-ray flux. a PI: Yao. Observed as part of the joint VLA + Chandra programme 25A-15. b PI: Guolo. Observed as 
part of a dedicated X-ray follow-up programme targeting optically selected TDEs. c PI: Chornock. Observed as part of a joint HST + XMM–Newton 
programme. 

Table B4. Targeted VLA observations of AT2024lhc. 

Date tobs trest Receiver ν0 fν Array 
(day) (day) (GHz) (µJy) config. 

2024-07-10.0 77 64 X 10.0 < 11 . 4 B 
2024-08-25.8 123 102 X 10.0 < 10 . 2 B 
2024-10-22.7 182 151 X 10.0 < 10 . 5 A 

2025-01-17.4 269 222 X 10.0 < 11 . 4 A 

2025-05-26.2 397 329 X 10.0 < 7 . 5 C 
2025-06-02.1 404 335 C 6.0 < 14 . 4 C 

Table B5. Targeted VLA observations of AT2024kmq. 

Date tobs trest Receiver ν0 Beam size Integrated fν Peak fν Array config. 
(day) (day) (GHz) (arcsec) (µJy) (µJy) 

2025-01-17.6 232 195 X 10.0 0 . 22 × 0 . 20 117 ± 12 66 ± 5 A 

2025-01-17.6 232 195 C 6.0 0 . 42 × 0 . 36 156 ± 11 99 ± 5 A 

2025-02-27.4 273 229 X 10.0 9 . 14 × 7 . 80 312 ± 19 169 ± 7 D 

2025-02-27.4 273 229 C 6.0 15 . 98 × 12 . 53 508 ± 30 340 ± 13 D 

2025-03-20.4 294 247 Ku 15.1 5 . 73 × 5 . 56 230 ± 17 130 ± 7 D 

2025-03-20.4 294 247 K 22.1 4 . 53 × 3 . 43 173 ± 17 94 ± 6 D 

2025-07-02.1 398 334 Ku 15.1 1 . 85 × 1 . 65 158 ± 17 115 ± 8 C 
2025-07-02.2 398 334 K 22.0 1 . 59 × 1 . 11 152 ± 14 120 ± 7 C 
2025-07-15.1 411 345 X 10.0 2 . 57 × 2 . 46 318 ± 28 165 ± 10 C 
2025-07-15.1 411 345 C 6.0 4 . 52 × 4 . 01 561 ± 56 161 ± 13 C 
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