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Abstract. Interacting supernovae (SNe) IIn and Ibn show narrow emission lines and have always been a

mysterious and unsolved genre in SNe physics. We present a comprehensive analysis of the temporal and

spectroscopic behavior of a group of interacting SNe IIn and Ibn. We choose SNe 2012ab, 2020cui, 2020rc and

2019uo as representative members of these SN sub-types to probe the nature of explosion. Our study reveals that

SNe IIn are heterogeneous, bright depicting multi-staged temporal evolution while SNe Ibn are moreover

homogeneous, comparatively fainter than SNe IIn and short lived, but limited in a sample to firmly constrain the

homogeneity. The spectroscopic features display a great diversity in Ha and He profiles for both SNe IIn and Ibn.

The representative SN Ibn also show flash ionization signatures of CIII and NIII. Modeling of Ha reveals that

SNe IIn have, in general, an asymmetric CSM which interacts with SN ejecta resulting in diversity in Ha profiles.

Keywords. Supernovae: general—supernovae: individual: SNe 2012ab, 2019uo, 2020cui and 2020rc—
galaxies: individual—techniques: photometric—techniques: spectroscopic.

1. Introduction

Supernovae (SNe) are the giant stellar explosions that

briefly outshine their host galaxy by radiating a huge

amount of energy. SNe that have H in their outer

spectra are classified as SNe II whereas those that lack

H features are classified as SNe I. SNe that show

evidence of strong shock interaction between their

ejecta and pre-existing, slower circumstellar material

(CSM) constitute an interesting, diverse and yet

poorly understood category of explosive transients

commonly known as ‘interacting SNe’. The progeni-

tor star of these SNe become wildly unstable in the

time scale of years, decades or centuries before the

explosion which makes it an interesting category. SNe

IIn, with bright narrow Balmer lines of H in their

spectra, were recognized as a distinct class of objects

relatively late compared to other SN sub-types (Sch-

legel 1990). Related to this is a very similar subclass

of SNe known as SNe Ibn, the identifying features of

which are narrow He lines. The interpretations of

‘interacting SNe’ is very different from normal SNe as

the ejecta is enshrouded by dense CSM and differs

generally from that of ‘normal SNe’ where emission

comes from freely moving SN ejecta or radioactive

decay at late times.

Interacting SNe result from CSM recombination

following the ejecta–CSM interaction. At early times

these SNe may exhibit flash features (Gal-Yam 2014),

i.e., narrow emission lines from highly ionized species

(N V, He II and O V). In particular, the spectra of SNe

Ibn typically show narrow emission lines of He having
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width between 1000 and 2000 km s�1 (Crowther et al.
2007) with a blue continuum. Hosseinzadeh et al.
(2017) divided SNe Ibn typically into the P-cygni and

emission subclass. The P-cygni subclass initially

shows narrow P-cygni features of He which broadens

over time while for the emission subclass, the narrow

He emission lines broaden with time during the evo-

lution. SNe IIn spectra show narrow-width (NW,

� 100 km s�1) components arising in the photoion-

ized CSM (Chevalier & Fransson 1994), along with

intermediate-width (IW, 1000–3000 km s�1) compo-

nents due to either Thomson broadening of NW lines

or due to emission from gas shocked by the SN ejecta

(Chugai & Danziger 1994; Dessart et al. 2009). Some

events also show very broad emission components

arising from shocked ejecta (e.g., Turatto et al. 1993).

The light curves of SNe IIn are diverse and hetero-

geneous (Tsuna et al. 2019), whereas SNe Ibn light

curves are homogeneous with decay rates consistent

with 0.1 mag d�1 (calculated from peak up to 30 days

post maximum light, Hosseinzadeh et al. 2017).

The intensity of the absorption and emission lines

strongly depends on the density of the CSM and the

velocity contrast between ejecta and CSM. If the

density of the CSM is low, the emission from the

CSM–ejecta interaction becomes visible only after the

SN luminosity has faded, sometimes several years

after the explosion. However, occasionally, the CSM

near the SN is so dense that the CSM–ejecta interac-

tion dominates the SN emission even in early phases.

If the CSM is asymmetric, then the intensity of the

emission and absorption strengths of the lines are

visible depending not only on the CSM density but

also on the viewing angle. The strength of the IW lines

can be used to estimate the mass-loss rate of the

progenitor during the pre-supernova evolution and is

thus critical to estimate the ZAMS mass of the pro-

genitor. While a Luminous Blue Variable (LBV)

progenitor is predicted for some SNe IIn, some may

originate from 8 to 10 M� stars undergoing core

collapse as a result of electron capture after a brief

phase of enhanced mass loss or from more massive

(25 M�) progenitors, which experience substantial

fallback of the metal-rich radioactive material (Chugai

et al. 2004; Kankare et al. 2012). For SNe Ibn, only

two direct evidence (SNe 2006jc and 2019uo) have

been reported so far suggesting Wolf–Rayet (WR)

stars as their progenitors. However, late time UV/

optical HST images have also proposed a binary pro-

genitor scenario (Pastorello et al. 2007; Strotjohann

et al. 2021).

In this paper, we present the diversity in photo-

metric and spectroscopic behavior of a selected group

of interacting SNe. We also study the asymmetries

associated at the ejecta–CSM front of these SNe. The

SNe are corrected for the Milky way and host galaxy

extinction. The analysis is performed by adopting the

luminosity distance for each SNe assuming H0 ¼
73 km s�1 Mpc�1. The detailed temporal and spectral

evolution of the interacting SNe are given in the fol-

lowing sections.

2. Sample selection

We select a heterogeneous sample of core collapse

SNe to study the diversity in these events, particu-

larly the interacting SNe. SNe II comprises ten

objects: SNe 1996al (Benetti et al. 2016), 1998S

(Fassia et al. 2000, 2001), 1999em (Elmhamdi et al.
2003), 2005ip (Stritzinger et al. 2012), 2006gy

(Smith et al. 2007), 2007od (Andrews et al. 2010;

Inserra et al. 2011), 2009kn (Kankare et al. 2012),

2010jl (Jencson et al. 2016), PS1-10adi (Kankare

et al. 2017) and 2012ab (Gangopadhyay et al. 2020).

We have in our sample highly interacting SNe IIn

2006gy, 2010jl where prolonged interaction signa-

tures are seen up to nearly a year post explosion

along with shortly interacting SN 1998S, where the

typical SN P-cygni profiles indicating ejecta signa-

tures are visible a few months after the explosion.

Transitional SNe from SNe IIL/IIP to IIn like 1996al,

2007od, 2009kn and SN IIP 1999em are also inclu-

ded for comparison. Ten SNe comprise the sample of

SNe Ibn – SNe 2006jc (Pastorello et al. 2007),

OGLE12-006 (Pastorello et al. 2015c), 2010al (Pas-

torello et al. 2015a), 2011hw (Pastorello et al.
2015a), 2014aki (Hosseinzadeh et al. 2017), 2014av

(Hosseinzadeh et al. 2017), 2015G (Hosseinzadeh

et al. 2017), 2015U (Hosseinzadeh et al. 2017),

ASASSN-15ed (Pastorello et al. 2015b) and 2019uo

(Gangopadhyay et al. 2020). Some members are of

P-cygni subclass and some are of emission subclass.

Moreover, we have transitioning member (from SNe

Ibn to Ib) like ASASSN-15ed in the sample. We

choose SNe 2012ab and 2019uo as representative

members of SNe IIn and Ibn, respectively, and show

a detailed evolution highlighting the typical behavior

of these groups. We also present new observations of

SNe 2020cui and 2020rc from 3.6m Devasthal

Optical Telescope (DOT) and examine the evolution

of Ha profile with respect to the sample.
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3. Temporal evolution

Figure 1 shows the light curve evolution of a group of

SNe IIn (V-band; left panel) and SNe Ibn (r-band;

right panel). The light curves of SNe IIn are hetero-

geneous and long lived (beyond 200 days) where not

only radioactivity plays a role, but also CSM inter-

action persists for a long time. In contrast, the light

curves of SNe Ibn are homogeneous and short lived

typically up to 100–200 days post explosion. They

decay with a typical rate of 0.1 mag days�1 up to � 30

days post maximum light (Hosseinzadeh et al. 2017).

In this sample, we highlight the high cadence light

curves of SNe 2012ab (solid black circles; Gan-

gopadhyay et al. 2020) and 2019uo (solid red circles;

Gangopadhyay et al. 2020). SN 2012ab was followed

up to 1200 days after explosion displaying a rapid rise

to maximum, a plateau lasting for about 2 months and

a steep fall from the plateau. After 4 months the

decline rate slows down below the 56Co decay rate up

to 3.3 years post explosion indicating that not only

radioactivity but CSM also plays an important role in

the declining nature of SN 2012ab. The light curve

evolution of SN 2019uo up to 50 days fades rapidly

with a typical decay rate of 0.1 mag days�1 indicating

a short-lived CSM.

Figure 2 shows the absolute magnitude light curve

evolution of a sample of SNe IIn and SNe Ibn. SNe IIn

shows a diversity in the brightness range varying

between -22 and -18 mag while SNe Ibn vary in

brightness between -20 and -18 mag.

Figure 3 shows the (B–V) and (B–R/r) color evo-

lution of SNe IIn and SNe Ibn samples, respectively.

SN 2012ab (SN IIn) evolves redward very slowly

from � 0.1 to � 0.7 mag between 22 and 120 days.

This is expected because for interacting SNe, it is not

only the SN ejecta which enhances the luminosity of

the SN but CSM composition plays an important role

in providing luminosity to the system and maintaining

the blue colors. After 120 days and up to 440 days, the

(B–V) color of SN 2012ab does not change signifi-

cantly with a possible shallow decrease in (B–V) of

� 0.35 mag at intermediate epochs, in line with other

interacting SNe, while normal SN II remain definitely

redder (Hillier & Dessart 2019). This is in agreement

Figure 1. Left: The V-band light curve evolution of SN 2012ab along with other SNe IIn. Right: The r-band light curve

evolution of SN 2019uo along with other SNe Ibn.

Figure 2. Absolute magnitude light curves of a sample of

SNe IIn and SNe Ibn. Solid black and red circles represent

SNe 2012ab and 2019uo, respectively.
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with most other strongly interacting SNe 1996al,

2005ip, 2006gy and 2010jl (Jencson et al. 2016)

indicating that the color evolution is not only gov-

erned by the ejecta expansion as expected for normal

SN 1999em and the weakly interacting SN 2007od

that show a drift to the red, but, is rather dominated by

CSM. SN 2009kn shows somewhat intermediate fea-

tures between normal and interacting SNe. In SN

2019uo (SN Ibn) the (B–R/r) color increases up to

0.64 mag � 20 days post explosion, subsequently

becoming blue at � 36 days. A similar trend is

noticed in SN 2010al and iPTF14aki for which the (B–

R/r) color increases up to � 1 mag, � 30 days post

explosion. At similar epochs, the color evolution of

SN 2006jc was extremely blue (-0.5 mag) and an

overall flatter color evolution is noticed (Pastorello

et al. 2007). Thus, SNe 2019uo, 2010al and iPTF14aki

show a color evolution in which the early blue color is

typical of SNe Ibn (Pastorello et al. 2016). The tran-

sition to redder colors for SNe 2019uo and 2010al

places their behavior between SNe Ib and most

extreme SNe Ibn.

4. Spectral evolution

Figure 4 shows the early to late spectral evolution of

SNe IIn (left) and SNe Ibn (right) samples highlight-

ing SNe 2012ab and 2019uo. Prominent lines of

hydrogen, i.e., Ha, Hb and Hc are seen in SNe IIn.

Even though the galaxy contamination lines are pre-

sent, prominent lines of Mg I, Mg II and NaID start to

develop with time. The hydrogen features also

develop and broaden over time. Prominent He I lines

are seen in the spectral sequence of SNe Ibn. The early

two spectra of SNe 2010al and 2019uo show a unique

Figure 3. Top: (B–V) color evolution of SNe IIn. Bottom:

(B–R/r) color evolution of SNe Ibn. Solid black and red

circles represent SNe 2012ab and 2019uo, respectively.

Figure 4. Complete spectral evolution of a sample of SNe IIn (left) and SNe Ibn (right) along with the representative SNe

2012ab and 2019uo of each subclass.
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blue continuum and prominent emission features

around � 4660 Å. We see a double peaked emission

component, where the blue and the red components

peak at 4643 and 4682 Å, respectively. The blue

component arises due to C III and N III while the red

component arises due to He II. These signatures are

interpreted as flash ionization signatures owing to the

recombination of CSM. Flash ionization signatures of

He II, C III and N III are also seen. These features are

seen in very few SNe Ibn and SNe II. Cooke et al.
(2010) and Silverman et al. (2010) identified such

lines to be originating from a Wolf–Rayet (WR) wind.

We observed two recent SNe IIn 2020cui and

2020rc with the ARIES Devasthal Faint Object

Spectrograph and Camera (ADFOSC) (Omar et al.
2019) mounted on 3.6m Devasthal Optical Telescope

(DOT), India with the aim to study the asymmetry at

the ejecta–CSM front. The observations were per-

formed at two epochs on 15-02-2021 and 15-03-2021.

The data reduction was done using standard tasks in

IRAF1 by extracting the one-dimensional spectrum

and thereafter applying the wavelength and flux cali-

bration. Figure 5 shows the spectra of SNe 2020cui

and 2020rc at a single epoch obtained on 15-02-2021.

The spectra obtained on 15-03-2021 are noisy and

contaminated by the host galaxy, hence we do not use

them for further analysis.

5. Asymmetries in Ha profile

During late times (1–2 years post explosion), the fast

SN ejecta may be heated predominantly by radiation

from the CSM interaction shock that propagates

backward into the outermost ejecta, creating a very

different time-dependent spectrum than is seen in a

normal SN heated from the inside out by radioactive

decay (Smith 2017). The above scenario is true, pro-

vided we have a perfectly symmetric ejecta–CSM

configuration. If the geometry is asymmetric, any of

the zones in ejecta–CSM interaction can be seen

simultaneously and at different characteristic veloci-

ties, potentially making the interpretation quite com-

plicated (Smith et al. 2017). Absorption features may

or may not be seen, depending on the viewing angle.

Thus, for the time being, unraveling the asymmetries

in the spectral evolution of interacting SNe is more

like an art form. The probe is of course the Ha profile

which shows huge variations. Figure 6 shows the Ha
line evolution of SN 2012ab, as an example, where we

see an evolution of Ha from 9.6 to 1126.9 days post

explosion. From 9.6 to 45.4 days, we see a narrow Ha
component with full width at half maximum (FWHM)

velocities � 1000 km s�1. In these spectra, a broad P-

Cygni component is seen which is the signature of the

SN ejecta in addition to the narrow residual compo-

nent indicative of pre-existing CSM. From 45 days to

about 76 days, the Ha component grows in strength

with velocities ranging from 8,000 to 18,000 km s�1.

This shows an enhanced interaction of SN ejecta with

CSM and gradual diminishing of SN features. Starting

on 76.5 days, the intermediate width component also

diminishes in FWHM velocities. There is, therefore a

clear indication of the interaction of very fast ejecta

(� 25,000 km s�1 red terminal velocity) with a

receding blob of CSM. This continues up to 800 days

where the redshifted part of the ejecta is completely

engulfed by the CSM and we see a perfectly sym-

metric structure in the 1100 days.

Figure 7 shows the Ha evolution of two SNe IIn

2020cui and 2020rc. For a comparison we take spectra

observed on 20-02-2021 (SN 2020cui) and 31-01-

2021 (SN 2020rc) from WISERep (https://www.wis-

erep.org/). We modeled the Ha profile of both SNe

2020cui and 2020rc using Gaussian/Lorentzian pro-

files. Defining and choosing a continuum is very

critical for the required analysis. We have selected the

Figure 5. The spectra of SNe 2020cui and 2020rc

observed with the ADFOSC instrument mounted on the

3.6m DOT. The prominent lines are marked.

1Image reduction and analysis facility.
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continuum in a region external to the line region by at

least 50 Å. The selection of continuum and consis-

tency of fits were repeated and checked several times.

The first spectrum of SN 2020cui is fit by a Gaussian

profile of intermediate width FWHM 3088 km s�1. In

the second spectrum, we were able to fit a Gaussian

with FWHM velocity of � 3977 km s�1. The inter-

mediate width lines of Ha suggest ongoing interaction.

We attempted to fit the 15-03-2021 spectrum of SN

2020cui after removing the host galaxy contribution

and find that even though the Ha is fit by a narrow

component with velocity � 300 km s�1, the spectrum

is very noisy with a poor signal-to-noise ratio and the

Ha line cannot be resolved, given the limitations of

the instrument.

In SN 2020rc, the 31-01-2021 profile is well fit with

a narrow and a broad component of FWHMs of 980

and 7800 km s�1, respectively. In the 15-02-2021

spectrum, the broad emission is gone and is com-

pletely overtaken by the intermediate width Gaussian

Figure 6. Ha evolution of a SN IIn 2012ab that shows variation with time.

Figure 7. Evolution of Ha profile in the spectra of SNe IIn 2020cui and 2020rc.
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profile of FWHM velocity � 2000 km s�1. No emis-

sion from SN or host is seen in the 15-03-2021

spectrum likely due to the observational limitations of

a 4m class telescope. In SN 2020rc an initial narrow

component originating due to pre-shocked CSM and a

broad component indicative of SN ejecta signatures is

present. However, as time proceeds the ejecta is

completely overtaken by the CSM and we see inter-

mediate width features indicative of strong interac-

tions. Hosseinzadeh et al. (2017) comment that

viewing angle plays an important role in the deter-

mination of the line profiles of hydrogen and helium

for SNe Ibn. Hence, the narrow emission component

is seen because the observer is located face on, while a

P-cygni feature could have been traced if the observer

is located edge on.

To ascertain the nature and progenitor of SNe Ibn,

we estimated the luminosities and equivalent widths

of a group of SNe II (IIP, IIn, IIb) from a sample of

Khazov et al. (2016) and combined them with two

SNe Ibn with signatures of flash ionization. Since H

line are typically not present in SNe Ibn and are

contaminated by host galaxy lines, we choose a rela-

tively isolated line of He II 4686 Å. Since the He II

lines are much narrower than lines from the SN ejecta,

they can serve as a good tool for probing the flash-

ionized CSM. When measuring the luminosities, we

removed the continuum by fitting a linear function.

Figure 8 shows the luminosity and equivalent width of

SNe II with the representative SN 2019uo. The

luminosity is quite similar to SN 1998S. Since the

flash ionized lines are tracers of WR signatures, higher

luminosity may hint to more massive progenitor star.

A similar conclusions can be inferred for the equiva-

lent width estimations. However, given the circum-

stellar environment condition, these two are not that

much evident to firmly comment on the nature of the

progenitor.

6. Conclusion

The paper summarises the temporal and spectro-

scopic evolution of a sample of SNe IIn and Ibn

which typically show narrow emission lines of H

and He owing to the interaction of the SN ejecta

with the dense CSM. The light curves of SNe IIn

show a heterogeneous evolution with varied decay

rates and late time flattening mostly due to CSM

interaction. The light curves of SNe Ibn, in contrast,

are homogeneous with a typical decay rate of 0.1

mag/day and are short lived. On the absolute

brightness scale, the SNe IIn are brighter reaching

up to -22 mag while SNe Ibn are relatively fainter

reaching up to -20 mag. This may indicate a more

dense CSM for SNe IIn showing significant inter-

action. The color curves become red after a long

time which suggest a diverse variation for SNe IIn

owing to long-term CSM. We show the spectro-

scopic evolution of SNe IIn and Ibn highlighting

SNe 2012ab and 2019uo. Prominent Ha and He

lines are traced for both events. SN 2019uo also

shows signature of flash ionization owing to the

recombination of CSM front. SN 2012ab show a

great variation in Ha profile showing narrow feature

from pre-shocked CSM, intermediate width feature

owing to interaction between ejecta–CSM, red-

shifted broad feature due to interaction with reced-

ing part of the ejecta and finally a symmetric

component when CSM has engulfed the entire

ejecta. We also present two recent observations

using 3.6m DOT of SNe 2020cui and 2020rc.

Modeling of the Ha profile in SN 2020cui shows

intermediate features indicates strong ongoing

interactions. A broad feature is seen in SN 2020rc

due to expanding ejecta which is later overtaken by

the ejecta–CSM interaction and leaving behind an

Figure 8. He II luminosity and equivalent width estima-

tion for a sample of SNe Ibn. Blue symbols: SNe IIn, Black

symbols: SNe II (IIb, IIP and IIL), Red symbol: SN 2019uo,

Green symbol: SN 2010al.

J. Astrophys. Astr.           (2022) 43:51 Page 7 of 8    51 



intermediate width Ha feature. However, viewing

angle affects the scenario. Finally, we compare the

equivalent width and luminosity of a sample of

core-collapse SNe and compare with two SNe Ibn.

This comparison hints that higher luminosity could

indicate a more massive progenitor; however, more

evidence are required to arrive at firm conclusions.
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