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Figure 13. Left-hand panel: a close-up of the H α region in the early spectral 
evolution of SN 2018hti (red solid lines). Central panel: same as in the left- 
hand panel, but for the H β region. Right-hand panel: overlap of the H α (blue 
solid lines) and H β (black solid lines) regions, where the H α region was 
superposed on that of H β. The dotted vertical black lines mark the rest-frame 
wavelength of H β (middle panel) and of H α (left- and right-hand panel). The 
rest-frame phases of the spectra are labelled on the right side of the right-hand 
panel. 
in SLSNe I (see Section 4.5.3 ) as a guide for the interpretation of the 
pseudo-nebular spectrum of SN 2018hti. This allows us to constrain 
the mass of the progenitor of SN 2018hti. 
4.5.1 The early boxy feature 
The flat-topped line profile of the emission feature at ∼6500 Å could 
be suitably explained by emission inside an expanding shell of matter 
(Weiler 2003 ; Jerkstrand 2017 ).The identification of this feature is 
not straightforward, and could be attributed either to H α or to C II 
λ 6580. To investigate this line identification, we superimpose on top 
of the boxy feature the line profiles of the possible H β (where a tiny 
bump is present, see Fig. 13 ) and of C II λ 9234 (see Fig. 14 ). The 
comparison between the H α and H β spectral regions is arduous 
because the H β region is also potentially contaminated by other 
spectral features (such as O II and Fe II ). On the other hand, the boxy 
line is well reproduced by the C II λ 9234 feature in the IRTF + SpeX 
spectrum, suggesting that their flat profiles stem from the same matter 

Figure 14. Comparison between the continuum-normalized FLOYDS (black 
line) and IRTF + SpeX (magenta line) spectra of SN 2018hti at comparable 
phases. The optical and the NIR spectra are plotted in velocity coordinates 
with respect to λ = 6580 Å and λ = 9234 Å, respectively. 
shell and thus fa v ouring a C II λ 6580 identification. Detailed radiative 
transfer calculations (e.g. Dessart et al. 2012 ; Dessart 2019 ) actually 
predict the presence of the C II λ 6580 feature in the SLSNe I spectra, 
but do not predict the boxy shape for the C II λ 6580. This suggests 
that the models may need to more carefully account for dynamical 
effects such as the formation of a thick shell, which is expected from 
both from magnetar and CSM interaction scenario. 
4.5.2 Light curves fits with MOSFIT 
MOSFIT includes a number of models for different kinds of astronomi- 
cal transients. In particular, those suitable for the SLSNe I are the CSM 
(CSM interaction powered), CSMNI (CSM interaction + 56 Ni-decay 
powered), the SLSN and the MAGNETAR (two implementations of the 
magnetar powered case, see later), and the MAGNI (magnetar + 56 Ni- 
decay powered) models. We chose the SLSN and the CSM modules 
to fit the photometry of SN 2018hti, which, respectively, exploit 
the models introduced by Inserra et al. ( 2013 ) and Chatzopoulos, 
Wheeler & Vinko ( 2012 ). Since MOSFIT takes as input the multiband 
LCs, it has to rebuild the pseudo-bolometric luminosities once an 
SED model has been assumed. We chose the SLSN model since it 
accounts for the UV blanketing assuming an absorbed-blackbody 
model for the SED computation. We excluded the W 1, W 2 magni- 
tudes from the fit procedure since the MIR part of the SED could 
deviate from a single blackbody component at epochs which are not 
co v ered by our photometric data set. 

Also, the SLSN model includes constraints ensuring the energy 
conservation and that the ejecta do not become optically thin before 
100 d after maximum, as not to contradict the late spectroscopic 
observations of the SLSNe (see section 3.8 in Nicholl et al. 2017b ). 
The results of the fit procedures are shown in Figs 15 and 16 
and the corner plots are shown in Figs S1 and S2 (available as 
online supplementary material). The SLSN fit supports a magne- 
tar engine with a polar magnetic field of ∼1 . 3 × 10 13 G and an 
initial period of ∼1 . 8 ms , for an ejecta mass M ejecta ≈ 5 . 3 M $, 
opacity κ ≈ 0 . 1 cm 2 g −1 , gamma-ray opacity κγ ≈ 0 . 02 cm 2 g −1 , 
an average ejecta velocity v ej ≈ 8500 km s −1 , and a temperature 
floor T min ≈ 9300 ± 250 K. This corresponds to a kinetic energy 
E kin = 3 . 7 × 10 51 erg . These results are absolutely reasonable for 
what is expected by the magnetar scenario for SLSNe I (e.g. Nicholl 
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Figure 15. Best-fitting MOSFIT synthetic LCs to the multiband photometry 
of SN 2018hti obtained with the SLSN model. 

Figure 16. Same as in Fig. 15 , but for the CSM model. 
et al. 2017b ) and are in perfect agreement with the estimates of Lin 
et al. ( 2020a ). Except for the ejecta mass, the best-fitting parameters 
for the magnetar case are quite different from those assumed in 
the calculations of Kasen & Bildsten ( 2010 ). This difference could 
possibly explain the need of the scaling factor 1.37 that we used in 
Section 4.3 to match the predicted photospheric velocity with the 
observ ed one. Moreo v er, the value of the kinetic energies required 
by both interpretations largely o v ercomes the maximum explosion 
energy that can be provided by a neutrino-driven mechanism during 
the core collapse (Soker & Gilkis 2017 ; Kaplan & Soker 2020 ). 
This energy budget might require the contribution of jets in the 
explosion of SN 2018hti. Ho we ver, its negligible polarization degree 
(Lee 2019 ) suggests that its explosion was nearly spherical, thus 
making this hypothesis less likely. 

The CSM fit of SN 2018hti instead requires the interaction of 
the SN ejecta with a mass of ∼8 . 3 M $ and average velocity 
v ej ≈ 1 . 1 × 10 4 km s −1 with a CSM mass M CSM ≈ 10 . 5 M $ and 
average density ρ ≈ 4 . 1 × 10 −13 g cm −3 . This corresponds to a ki- 
netic energy E kin = 1 . 1 × 10 52 erg . Also, for this model the predicted 
temperature floor reached by SN 2018hti is T min ≈ 9500 ± 180 K. 
Both the predictions of T min can be considered in agreement with 
what was deduced in Section 4.2 . The best-fitting slope of the 
CSM density profile s ∼0.2 seemingly fa v ours a shell-like CSM 

with nearly constant density (Chatzopoulos et al. 2013 ). The CSM 
interaction scenario may be disfa v oured because of the absence of 
narrow/multicomponent features in the spectra (typical e.g. of SNe 
IIn) and because there was no significant detection in X-ray (see 
Section 2 ). Ho we ver, these arguments cannot rule out the CSM- 
interaction scenario for SN 2018hti if the CSM is highly asymmetric, 
e.g. if it has a disc-like geometry. In fact, if the CSM is not seen 
perfectly edge on, the optically thick ejecta may form a photosphere 
outside the CSM so that the ejecta CSM interaction takes place 
underneath it and the X-ray, UV photons can be reprocessed by 
further radiation–matter interactions (as it was proposed by Andrews 
& Smith 2018 , for the peculiar SN II iPTF14hls). 
4.5.3 Interpretation of the nebular spectrum 
The nebular spectrum of SN 2018hti taken 269 rest-frame days after 
maximum light was interpreted with SUMO modelling (Jerkstrand 
et al. 2017 ).The best-matching SUMO models are built with a C- 
burning composition, M ejecta = 30 M $, a filling factor f = 0.001, 
an energy deposition E dep = 10 42 erg s −1 and a pure-O abundance 
M ejecta = 10 M $, f = 0.1, E dep = 2 × 10 42 erg s −1 . In the following 
text, we will refer to them as C30 and O10, respectiv ely. The y are 
shown in Fig. 17 with the pseudo-nebular spectrum of SN 2018hti. 
In particular, O10 better reproduces the bluer region of the spectrum 
(until ∼5200 Å, see Fig. 17 ), whereas C30 better matches the redder 
region. Also, the best-matching spectra permit identification of other 
broad features in the spectrum, such as [O III ] λλ 4959 , 5007, Mg I 
λ 5180 + [Fe II ] λ 5250, and [O I ] λ 5577. We estimated the progenitor 
mass of SN 2018hti by measuring the flux emitted within the O I 
λ 7774 emission feature predicted by C30 using equations (7) and 
(8) of Jerkstrand et al. ( 2017 ). The choice of C30 is moti v ated by the 
fact that it better describes the Oxygen features in the spectrum, as 
the [O I ] λλ 6300 , 6364 and [O I ] λ 5577 features. The flux integrated 
within the O I λ 7774 feature gives L 7774 = 2 . 25 × 10 40 erg s −1 . 
Hence, we assumed f = 0.001, the Oxygen mean molecular weight 
Ā = 16, an electron fraction x e = 0.1 (Jerkstrand et al. 2017 , see their 
section 4.2.1), a maximum expansion velocity V = 8 000 km s −1 
(we adopted for V a value consistent with the velocity plateau at 
late times, see Fig. 10 ), and a recombination coefficient αeff ( T ) = 
2 × 10 −13 cm 3 s −1 . Solving equation (7) of Jerkstrand et al. ( 2017 ) 
for the electron density n e , this gives n e ∼ 1 . 28 × 10 9 cm −3 . Using 
this value in equation (8) in Jerkstrand et al. ( 2017 ), the O-zone mass 
is estimated to be M O −zone ≈ 6 . 2 M $, which according to more recent 
models of stellar evolution of a single star corresponds to a progenitor 
mass M ZAMS ≈ 40 M $ (Jerkstrand et al. 2017 ). Similar consideration 
can be made for the O10 solution (corresponding to f = 0.1 and x e 
≈ 0.5), which predicts a O-zone mass M O −zone ≈ 10 M $ (for this 
solution we require V ! 7 000 km s −1 in order not to obtain M O-zone 
> M ejecta ). In the latter case, the ejecta is expected to be much Mg- 
poorer compared to the C30 case. Another reason to fa v our the C30 
model lies in its ejecta clump density. In fact, C30 is 300 times denser 
than O10. 13 This could be also the reason why no strong [O I ] λ 6300 
and [Ca II ] + [O II ] λ 7300 emission is seen in the nebular spectrum, 
as it would emerge for higher density models. 

Finally, in Table 3 we summarized the ejecta-mass estimates 
obtained with the MOSFIT fits and the SUMO nebular modelling. The 
SUMO O10 solution apparently fa v ours the CSM model since the 
13 The factor 300 comes from (30 M $/f C30 ) / (10 M $/f O10 ) = 300, where 
f C30 = 0.001 and f O10 = 0.1 are the clumping factors for the models C30 and 
O10, respectively. 
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Figure 17. Comparison of the GTC + OSIRIS nebular spectrum (red line) with two outputs of the SUMO numerical code (see the text) for a full C-ashes model 
(blue line) and a pure-O composition (black line). 

Table 3. Comparison of the ejecta masses 
of the best-matching SUMO solutions with 
MOSFIT best-fitting parameters. 

Ejecta mass [M $] 
SUMO 10–30 
MOSFIT CSM 8.32 
MOSFIT SLSN 5.25 

ejecta mass used by O10 nearly reproduces that one estimated by 
the MOSFIT CSM fit, whereas the MOSFIT SLSN fit predicts an ejecta 
mass which is pretty lower than what is suggested by the SUMO 
solutions. Ho we ver, we warn the reader that the (single-zone) SUMO 
solutions are computed for a phase of 400 d post-explosion, which is 
not the case for the pseudo-nebular spectrum of SN 2018hti. Hence, 
the density in the model is by a factor (400/270) 3 & 3.3 lower than 
the corresponding case at 270 d. This biases a direct constrain on the 
ejecta density and mass. In addition, it is hard to believe that in the 
case of SN 2018hti the CSM interaction is acting as its major power 
source even if we interpret the modest C II boxy feature as a signature 
of the interaction with a CSM dense shell. According to the MOSFIT 
CSM fit, the predicted CSM mass is ∼10 . 5 M $. We expect that the 
interaction with a similar amount of mass of CSM would cause strong 
spectral emissions as in the case of the Type IIn SN 2008iy (Chugai 
2021 ) and SN 2010jl (Ofek et al. 2014 ). Ho we ver, as we mentioned 
earlier, a disc-like and dense CSM can hide the spectral signatures 
of CSM-interaction. Based on this considerations, we argue that 
the mechanism powering SN 2018hti could be either the spin-down 
radiation from a millisecond magnetar with B p ∼ 1.3 × 10 13 G and 
P spin ∼ 1.8 ms or the (buried) interaction of the ejecta with ∼10 M $
of a disc-like CSM. 
5  C O N C L U S I O N S  
In this work, we have presented the UV/optical/NIR photometry 
and the NIR/optical spectroscopy of the SLSN I SN 2018hti. It 

slowly rose for ∼50 d towards a peak absolute magnitude of −21.7 
mag in the r band. Alongside this slow rise and extremely high 
luminosity, the presence of the prominent O II absorptions in the 
pre-maximum/maximum spectra identifies this object as a (slow- 
evolving) SLSN I. In the H α region, the early spectra show a flat- 
topped feature which we interpret as H α. C-rich SLSNe I spectra 
are predicted by magnetar- and a pair-instability-driven radiative 
transfer calculations (Dessart et al. 2012 ; Dessart 2019 ), but the 
boxy profile suggests that the feature could originate from the shock- 
mediated interaction of the SN ejecta with a surrounding CSM. In 
addition, metallicity measurements via the host narrow emission lines 
are aligned with the low-metallicity paradigm of SLSNe I. Finally, 
we estimated the physical parameters of the explosion, both in the 
magnetar and in the CSM-interaction scenarios, fitting synthetic LCs 
to the multicolour photometry of SN 2018hti with the MOSFIT tool. 
The model fits suggest that either interaction of a 8 M $ SN ejecta 
with ∼10 M $ of CSM or the spin-down radiation of a B ∼1.3 × 10 13 
G, P spin ∼1.8 ms magnetar could be the major power source for 
SN 2018hti. 

We interpret the pseudo-nebular spectrum of SN 2018hti with 
synthetic spectra published by Jerkstrand et al. ( 2017 ) for an SN 
Ic. We concluded that, assuming a single-star progenitor scenario 
for SN 2018hti, the progenitor ZAMS mass was of ∼40 M $. These 
findings help to unravel the origin of the complexities that often 
appear in SLSNe-I LCs (e.g. Inserra et al. 2017 ), finding a reasonable 
explanation in CSM-ejecta interaction. This sheds light on the nature 
of SLSNe I progenitors. 

The advent of the new-generation, wide-field surveys such as the 
Le gac y Surv e y of Space and Time at the Vera Rubin Observatory will 
contribute to broaden our knowledge about the SLSN astrophysics 
(Villar, Nicholl & Berger 2018 ). 
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Table A1. uvw 1-, uvm 2-, uvw 2-filter observed (non K -corrected) aperture magnitudes (in AB 
system). Errors are in parentheses. The full table is available online as supplementary material.. 
MJD r. f. phase uvw 2 uvm 2 uvw 1 Instrument 

[d] 
58430.65 − 31 .89 20 .17(0.12) 19 .76(0.14) 18 .90(0.09) Swift /UV O T 
58431.56 − 31 .03 20 .21(0.12) 19 .73(0.12) 18 .65(0.08) Swift /UV O T 
58434.92 − 27 .87 19 .92(0.11) 19 .54(0.12) 18 .47(0.08) Swift /UV O T 
58436.44 − 26 .44 19 .88(0.11) 19 .37(0.11) 18 .39(0.08) Swift /UV O T 
– – – – – –

Table A2. u- , g- , r- , i- , z-filter observed (non K -corrected, non S-corrected) magnitudes (in AB system). Errors are in 
parentheses. The full table is available online as supplementary material. 
MJD r. f. phase u g r i z Instrument 

[d] 
58413.54 − 48 .01 – – 19.31(0.16) – – ATLAS 
58423.53 − 38 .60 – – 18.54(0.19) – – ATLAS 
58424.54 − 37 .65 – – 18.51(0.14) – – ATLAS 
58426.12 − 36 .16 – 18.05(0.01) 17.90(0.01) 17.76(0.02) – LCO + Sinistro 
– – – – – – –

Table A3. U -, B- , V -observed (non K -corrected, non S-corrected) magnitudes (in AB 
system). The full table is available online as supplementary material. 
MJD r. f. phase U B V Instrument 

[d] 
58426.12 − 36 .16 – 18 .37(0.01) 17 .90(0.02) LCO + Sinistro 
58427.15 − 35 .19 – 18 .09(0.02) 17 .87(0.01) LCO + Sinistro 
58428.31 − 34 .1 – 17 .95(0.02) 17 .69(0.01) LCO + Sinistro 
58429.29 − 33 .17 – 17 .83(0.04) 17 .56(0.01) LCO + Sinistro 
– – – – – –

Table A4. J- , H- , K s -observed (non K -corrected) magnitudes (in AB system). Errors are in 
parentheses. 
MJD r. f. phase J H K s Instrument 

[d] 
58512.96 45 .56 15.60(0.01) 15 .91(0.01) 16 .75(0.01) NO T + NO TCam 
58546.87 77 .51 16.21(0.02) 16 .36(0.02) 17 .37(0.03) NO T + NO TCam 
58563.85 93 .50 – 17 .77(0.04) 17 .89(0.04) NO T + NO TCam 

Table A5. W 1-, W 2-observed (non K -corrected) magnitudes (in AB system). Errors are 
in parentheses. 
MJD r. f. phase W 1 W 2 Instrument 

[d] 
58507.39 40 .04 17.95(0.07) 18 .33(0.13) WISE 
58712.64 233 .69 19.13(0.16) " 18 .61 WISE 

Table A6. S-corrections for Schmidt and AFOSC filters (Asiago observatory). The full 
table is available online as supplementary material. 
MJD B g V r i 
58430.25 − 0 .02 0 .01 0 .018 0 .113 0 .053 
58437.02 − 0 .019 0 .014 0 .022 0 .122 0 .048 
58437.14 − 0 .017 0 .014 0 .019 0 .127 0 .06 
58440.23 − 0 .027 0 .012 0 .018 0 .101 0 .064 
– – – – – –

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/512/3/4484/6549929 by Biblioteca D
ipartim

ento di Scienze Econom
iche user on 06 February 2023



The superluminous SN 2018hti 4501 

MNRAS 512, 4484–4502 (2022) 

Table A7. S-corrections for Sinistro (LCO). The full table is available online as 
supplementary material. 
MJD B g V r i 
58430.25 − 0 .009 0 .003 0 .009 0 .004 − 0 .005 
58437.02 − 0 .008 0 .004 0 .003 0 .007 − 0 .002 
58437.14 − 0 .008 0 .005 0 .011 0 .005 − 0 .001 
58440.23 − 0 .009 0 .004 0 .009 − 0 .007 − 0 .0 
– – – – – –

Table A8. S-corrections for NOT filters. The full table is available online as supplemen- 
tary material. 
MJD B g V r i 
58430.25 − 0 .013 0 .001 0 .008 0 .011 − 0 .008 
58437.02 − 0 .013 − 0 .004 0 .005 0 .013 − 0 .011 
58437.14 − 0 .014 − 0 .002 0 .011 0 .015 − 0 .013 
58440.23 − 0 .015 − 0 .005 0 .007 0 .002 0 .011 
– – – – – –

Table A9. S-corrections for Swift /UV O T. The full table is available online as supple- 
mentary material. 
MJD B V 
58430.25 − 0 .017 0 .009 
58437.02 − 0 .018 0 .008 
58437.14 − 0 .017 0 .019 
58440.23 − 0 .02 0 .006 
– – –

Table A10. Estimated uncertainties ' S corr for the filters u , U , z, J , H , K s (for each instrument) divided in two 
temperature ranges (see the text). The full table is available online as supplementary material. 

5000 K < T < 10 000 K 10 000 K < T < 20 000 K 
NO T + ALFOSC/NO TCam ' S corr, u = 0 .30 ' S corr, u = 0 .20 

' S corr, z = 0 .03 ' S corr, z = 0 .01 
– –

– – –

Table A11. K -corrections expressed in magnitudes. The full table is available online as supplementary material. 
Rest-frame phase uvw 2 uvm 2 uvw 1 u U B g V r i z J H K s 
[d] filter filter filter filter filter filter filter filter filter filter filter filter filter filter 
−32.36 − 0 .106 − 0 .098 0 .031 0 .191 0 .191 0 .009 − 0 .008 0 .030 − 0 .002 0 .043 − 0 .206 − 0 .154 − 0 .030 0 .402 
−25.98 − 0 .100 − 0 .103 0 .037 0 .166 0 .173 − 0 .015 − 0 .022 0 .028 0 .004 0 .068 − 0 .203 − 0 .159 − 0 .030 0 .148 
−25.87 − 0 .102 − 0 .105 0 .037 0 .165 0 .173 − 0 .011 − 0 .016 0 .038 0 .005 0 .131 − 0 .203 − 0 .159 − 0 .030 0 .146 
−22.96 − 0 .083 − 0 .055 0 .080 0 .129 0 .137 − 0 .020 − 0 .023 0 .028 0 .013 − 0 .012 − 0 .202 − 0 .147 − 0 .033 0 .089 
– – – – – – – – – – – – – – –

Table A12. Logarithm of the bolometric luminosities integrated over the uvw 2, uvm 2, uvw 1, U , B , g , V , r , i , z, J , 
H , K s , W 1, W 2 filters. The full table is available online as supplementary material. 
Rest-frame phase log 10 L bol 
[d] 
−48.01 43.30(0.04) 
−38.60 43.61(0.04) 
−37.65 43.62(0.04) 
−36.16 43.86(0.04) 
–– –
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Table A13. Spectra in Fig. 5 . The full table is available online as supplementary material. 
MJD Rest-frame phase Instrumental set-up [grism/grating] Resolution 

[d] [ Å] 
58428.57 − 34 LCO + FLOYDS 15 .5 
58429.57 − 33 LCO + FLOYDS 15 
58430.25 − 32 NTT + EFOSC2 [gr13] 18 
58433.19 − 29 HET + LRS2 –
– – – –

Note. ( ∗)This spectrum was not included in Fig. 5 because of its poor signal-to-noise ratio, but it 
will be made available within the online data set (see the Data Availability statement). 
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