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A B S T R A C T 

We report on spectroscopic and photometric observations of the AM Canum Venaticorum (AM CVn) system ASASSN-21br, 

which was disco v ered in outburst by the All-Sky Automated Surv e y for Supernovae in 2021 February. The outburst lasted for 

around three weeks, and exhibited a pronounced brightness dip for ≈4 d, during which the spectra showed a sudden transition 

from emission- to absorption-line dominated. Only ≈60 AM CVn systems with derived orbital periods are found in the Galaxy, 

therefore increasing the sample of AM CVn systems with known orbital periods is of tremendous importance to (1) constrain the 

physical mechanisms of their outbursts and (2) establish a better understanding of the low-frequency background noise of future 

gra vitational wa v e surv e ys. Time-resolv ed photometry taken during the outburst of ASASSN-21br showed modulation with a 

period of around 36.65 min, which is likely the superhump or orbital period of the system. Time-resolved spectroscopy taken 

with the Southern African Large Telescope did not show any sign of periodicity in the He I absorption lines. This is possibly 

due to the origin of these lines in the outbursting accretion disc, which makes it challenging to retrieve periodicity from the 

spectral lines. Future follow-up spectral observations during quiescence might allow us better constrain the orbital period of 

ASASSN-21br. 

Key words: binaries – cataclysmic variables – white dwarf. 

1  I N T RO D U C T I O N  

AM Canum Venaticorum (AM CVn) are compact mass-transferring 

binary stars, named after their prototypical star system. The primary 

star in these systems is a white dwarf (WD) accreting material from 

a semidegenerate helium star or another WD, which has filled its 

Roche-lobe (see Warner 1995 ; Solheim 2010 for a re vie w). AM 

CVn systems are identified by the presence of He lines and absence 

of hydrogen lines in their spectra. They are also characterized by 

short orbital periods, ranging between 5 and 70 min (Solheim 2010 ; 

Levitan et al. 2015 ; Ramsay et al. 2018 ), making them sources 

of low-frequency gravitational waves, which will be detected by 

future space-based gravitational wav es e xperiments such as Laser 

Interferometer Space Antenna (LISA) (Stroeer & Vecchio 2006 ; 

Kupfer et al. 2018 ). AM CVn systems are also potential progenitors 
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of Type Ia superno vae, and serv e as probes for the final stages of 

low-mass binary evolution (Bildsten et al. 2007 ). 

The behaviour of AM CVn systems vary depending on their orbital 

periods. The standard theory predicts that for systems with periods 

of less than 10 min, the accretion stream directly impacts on to 

the primary white dwarf, and no accretion disc is formed (Solheim 

2010 ). For systems with periods between around 10 and 20 min, the 

accretion disc is thermally stable in a hot state (the temperature of 

the disc is al w ays greater than the ionization temperature of helium), 

and thus does not experience outbursts. Systems with orbital periods 

between around 20 and 44 min, have unstable accretion discs and 

experience outbursts where their brightness increases by a few mag 

for days to weeks (Ramsay et al. 2012 ). For systems with the longest 

orbital periods of 44–70 min, the accretion disc is in a thermally 

stable low state (the temperature of the disc is al w ays lower than the 

ionization state of helium), and are expected not to have outbursts 

or to only rarely have one. Ho we ver, the long-period boundary 

below which outbursts are observed is not sharp, and many long- 

period (between 50 and 60 min) systems were observed to show 
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outbursts (Ramsay et al. 2018 ; Rivera Sandoval et al. 2021 , 2022 ; 

Maccarone et al. 2024 ). Similarly, some short-period systems were 

recently disco v ered to be in a stable high-state while having periods 

of 20–44 min (Duffy et al. 2021 ). This implies that the traditional 

classifications, which seemed to agree well with the predictions 

from accretion disc instability models, are not necessarily fully 

representative of the behaviour of AM CVn systems; that is, with 

more systems disco v ered and their orbital periods determined, it is 

clear that our understanding of the behaviour of AM CVns is still 

fairly incomplete. Therefore, it is of a great value to increase the 

sample of known outbursting AM CVns with determined orbital 

periods to impro v e our understanding of the outburst mechanisms 

and constrain the physics of accretion disc models. 

A typical outbursting AM CVn system increases in brightness by 

2 – 5 mag, o v er a few days up to a few weeks (Ramsay et al. 2012 ; 

Duffy et al. 2021 ; van Roestel et al. 2021 ). The duration of the 

outbursts was first suggested to be correlated with the orbital period 

(Ramsay et al. 2012 ). Ho we ver, Cannizzo & Ramsay ( 2019 ) and 

Duffy et al. ( 2021 ) later found no obvious correlation between these 

two parameters. This is primarily because other parameters, such 

as the mass of the primary white dwarf, play a role in determining 

the characteristics of the outbursts and their frequencies. Long-term 

monitoring of AM CVns showed that some systems exhibit two 

types of outbursts: ‘normal’ outbursts, which last for only a few days 

with an amplitude of a couple magnitudes, while ‘superoutbursts’ 

can last more than 10 d with an amplitude of more than 3 mag 

(Solheim 2010 ; Ramsay et al. 2012 , 2018 ). For some systems, a 

superoutburst can be preceded by a normal outburst (Duffy et al. 

2021 ; Pichardo Marcano et al. 2021 ). During a superoutburst, 

periodic brightness fluctuations, known as superhump, occur with 

periods similar to the orbital period (Patterson et al. 2005 ; Solheim 

2010 ). These are thought to be due to an interaction between the 

primary star and an eccentric precessing disc. 

ASASSN-21br was disco v ered by the All-Sk y Automated Surv e y 

for Supernovae (ASAS-SN; Shappee et al. 2014 ; Kochanek et al. 

2017 ) on 2021 February 13.12 UT as an optical transient at a disco v ery 

magnitude g = 12 . 32. The transient is located at (J2000) equatorial 

coordinates of ( α, δ) = (16 h 18 m 10 s . 44, −51 ◦54 ′ 15 ′′ . 8) and Galactic 

coordinates of ( l, b) = (331 ◦. 889, −1 ◦. 05). There is a Gaia Data 

Release 3 (DR3; J2016) (Gaia Collaboration 2023 ) source (ID 

5934679711067619072) matching the transient position with an 

average G magnitude of 19.7. Archi v al photometry from ASAS- 

SN showed no previous outbursts of the system dating back to 

2016 March. Spectroscopic follo w-up observ ations carried out by 

Aydi et al. ( 2021 ) and Motsoaledi et al. ( 2021 ) showed a spectrum 

dominated by emission lines of He I and He II and no hydrogen lines. 

Motsoaledi et al. ( 2021 ) also found periodic modulations of ≈38 min, 

in photometric observations taken during the outburst. This led them 

to classify ASASSN-21br as an AM CVn system. 

In this paper, we present time-resolved photometric and spec- 

troscopic follo w-up observ ations of ASASSN-21br taken during 

its outburst to try to determine the orbital period of the system 

and explore the outburst properties. In Section 2 , we present the 

observations and data reduction, while in Section 3 , we present the 

results of the spectral and photometric analysis. Further discussion 

and conclusions are presented in Section 4 . 

2  OBSERVATIONS  A N D  DATA  R E D U C T I O N  

ASASSN-21br was observed using the Sutherland High-speed Op- 

tical Camera (SHOC; Gulbis et al. 2011 ; Coppejans et al. 2013 ) 

mounted on the 1.0 m telescope at the South African Astronomical 

Observatory in Sutherland, South Africa. The time resolved pho- 

tometry was obtained on the nights of 2021 February 19th, 20th, 

21st, and 22nd. The 5 or 10 s exposures were taken with a g’ filter. 

The CCD images were flat-fielded and reduced using the IMAGE 

REDUCTION AND ANAYLSIS FACILITY (IRAF; Tody 1986 ) tasks. 

PHOT from the DAOPHOT package was used to perform aperture 

photometric reduction and MKAPFILE from the PHOTCAL package 

was used to apply an aperture correction. Comparison stars within 

the 2 . 85 × 2 . 85 arcmin 2 frame were used to differentially correct the 

relative target magnitudes. 

We obtained time-resolved spectroscopy of ASASSN-21br on 

the nights of 2021 February 19th, 20th, 22nd, and 23rd using the 

Robert Stobie spectrograph (RSS; Burgh et al. 2003 ; Kobulnicky 

et al. 2003 ) mounted on the 10-m Southern African Large Telescope 

(SALT; Buckley, Swart & Meiring 2006 ; O’Donoghue et al. 2006 ) 

in Sutherland, South Africa. We obtained a total of 388 spectra 

o v er the course of the four nights, each with a 60 s exposure, using 

the PG1300 grating with a 1.5 arcsec slit, resulting in a resolving 

power R ≈ 1500 o v er the wav elength range 4400 – 6400 Å. Initial 

reduction was performed using the PYSALT pipeline (Crawford et al. 

2010 ), involving bias subtraction, cross-talk correction, scattered 

light remo val, bad pix el masking, and flat-fielding. Further reduction, 

including wavelength calibration, background subtraction, spectral 

extraction, flux calibration, and normalization was done using IRAF . 

We also carried out low-resolution optical spectroscopy on the 

nights of 2021 February 17 and March 03 using the Goodman 

spectrograph (Clemens, Crain & Anderson 2004 ) mounted on the 

4.1 m Southern Astrophysical Research (SOAR) telescope located 

on Cerro Pach ́on in Chile. The observations were taken using the 

400 l mm 
−1 grating and a 1.2 arcsec slit, yielding a resolving power 

R ≈ 1100 o v er the wav elength range 3820–7850 Å. The spectra were 

reduced and optimally extracted using the APALL package in IRAF . 

The spectroscopic observation log is presented in Table A1 . 

We also make use of publicly available photometry from ASAS- 

SN (Shappee et al. 2014 ). These consist of g-band photometry taken 

as part of the ASAS-SN sky patrol survey (Kochanek et al. 2017 ). 

3  RESULTS  

3.1 The outburst of ASASSN-21br 

Based on the ASAS-SN photometry, the outburst of ASASSN-21br 

started around 2021 Fenruary 13.12 UT (HJD 2459258.62; see Fig. 

1 ). It reached a peak brightness at g ≈ 13.5 and then gradually 

declined to around 13.8 in 2.5 d. The system then showed a sudden 

drop in brightness, dimming below the ASAS-SN sensitivity limit 

( g � 16 . 5) between days 3 and 8, before showing a sudden reco v ery 

in brightness, reaching magnitudes brighter than 14 mag. Such 

brightness dips during outbursts are common in AM CVn systems 

(Ramsay et al. 2012 , 2018 ; Duffy et al. 2021 ; Pichardo Marcano et al. 

2021 ). Then, the brightness decreased o v er sev eral days, before again 

dropping below the ASAS-SN sensitivity limit as the outburst ended. 

Searching the ASAS-SN archive, we do not find previous outbursts of 

ASASSN-21br, dating back to 2016 March 08. Similarly, the system 

has not had any additional outbursts. 

3.2 Distance and absolute magnitudes 

The coordinates of the system are consistent with a Gaia DR3 source 

(ID 5934679711067619072; Gaia Collaboration 2023 ), which has a 

mean magnitude of G = 19.7 and a colour of ( B p − R p ) = 0.8. 

The latter are e xtensiv ely red compared to the colours of AM CVns 
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Figure 1. The ASAS-SN light curve of ASASSN-21br taken during outburst. The black vertical dashed lines mark the spectroscopic epochs. Measurement 

below the blue horizontal dashed line (red triangles), characterized by a flux lower than 1 mJy, are considered non-detection. 

during quiescence, ho we ver, the Gaia DR3 colours suffer from large 

uncertainties and therefore it is challenging to draw conclusions 

about the accretion rate or the disc/WD temperature based on the 

reported colours. The parallax of this source places ASASSN-21br 

at a distance of 515 + 79 
−54 pc, based on the estimates from Bailer–Jones 

et al. ( 2021 ). Since g magnitudes are likely to be slightly dimmer 

than G ones due to extinction (see below), we estimate that the 

amplitude of the outburst is � 6 mag. This means that the outburst 

of ASASSN-21br is a superoutburst and is among the upper end of 

(super)outburst-amplitudes observed in AM CVn systems (Solheim 

2010 ; Ramsay et al. 2012 , 2018 ; Riv era Sando val et al. 2021 , 2022 ). 

We use the Gaia distance, the Galactic reddening maps of 

Chen et al. ( 2019 ), and the extinction laws from Wang & Chen 

( 2019 ) to estimate the reddening towards ASASSN-21br. Based 

on the maps from Chen et al. ( 2019 ) we derive E( G − K s ) = 

0 . 170 ± 0 . 007, E( G Bp − G Rp ) s = 0 . 067 ± 0 . 016, and E( H −

K s ) = 0 . 0045 ± 0 . 0005. This translates to A V = 0 . 16 ± 0 . 04, 

E( B − V ) = 0 . 05 ± 0 . 02, A G = 0 . 12 ± 0 . 05, and A g = 0 . 19 ±

0 . 05. With these reddening v alues, we deri ve a peak absolute mag- 

nitude of M g = 4 . 8 ± 0 . 4 and an absolute magnitude at quiescence 

of M G = 11 . 02 ± 0 . 4. These are both within the typical range of 

brightness during outburst and quiescence for the orbital period of the 

system (Ramsay et al. 2012 ; Levitan et al. 2015 ; see sections below). 

The system is detected by Chandra during a 40 ks observations 

of the planetary nebula MZ 3 taken on 2002 October 23. While 

ASASSN-21br is 10 arcmin off-axis in the Chandra observa- 

tions, the Chandra source catalogue (Evans et al. 2010 ) flux of 

the system is around 5 . 8 × 10 −14 erg s −1 cm 
−2 (source ID 2CXO 

J161810.3 −515414). This means that the X-ray luminosity of the 

system during quiescence is around 1 . 8 × 10 30 erg s −1 . This is 

consistent with the X-ray luminosities of AM CVn systems during 

quiescence (Ramsay et al. 2005 , 2006 ; Begari & Maccarone 2023 ). 

3.3 Photometric timing analysis 

We performed timing analysis for four nights of SHOC photometry 

searching for periodicity. We show a sample of the photometric 

data from one of these nights (2021 February 21) in Fig. 2 . We 

computed the Lomb–Scargle periodogram (Lomb 1976 ; Scargle 

1982 ; VanderPlas 2018 ) after detrending the light curve for (1) each 

night separately and (2) all the nights combined. The periodograms 

of each separate night show periodic modulation between around 35 

and 38 min (Fig. A1 ). The periodogram of the combined data shows 

modulation at a period of P = 0 . 025448 ± 0 . 000106 d ( ≈36.65 min; 

Fig. 3 ). The period uncertainty is conserv ati vely estimated as P error = 

P 
2 / (2 T ), corresponding to the period change that would cause the 

phase shift of 0.5 between the first and the last points in the light 

curve. The phase folded, binned light curve is plotted in Fig. 3 , 

showing a nearly sinusoidal trend. The 36.65 min period is within 

the range of orbital periods of outbursting AM CVn systems, which 

are typically characterized by a P orb between 20 and 44 min (Ramsay 

et al. 2012 ). Ho we ver, gi ven that the photometry are taken during 

outburst, the period could also be the superhump period (Patterson 

et al. 2005 ; Solheim 2010 ). The change of a few minutes in the 
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Figure 2. A sample of the SHOC photometry taken on 2021 February 21, 

with a cadence of 10 s. 

period modulation between our different epochs is not uncommon 

for superhump periods during outbursts of AM CVns and dwarf 

novae (Isogai et al. 2016 ; Kato et al. 2016 ). 

3.4 Spectral evolution 

The first spectrum of ASASSN-21br (Fig. 4 ), taken on 2021 February 

18 during the dip in the light curve (around 5 d since the eruption 

start), was dominated by strong emission lines of He I , He II , and 

N II . The Full Width at Half-Maximum (FWHM) of the He I lines 

was around 1300 –1600 km s −1 , which is within the typical range of 

v elocities observ ed in AM CVns during outburst (Anderson et al. 

2005 ). At the end of the dip, the spectra showed dramatic changes, 

switching from an emission line dominated spectrum to an absorption 

line dominated spectrum. The He II and N II lines almost completely 

disappear, with the spectrum showing mostly He I absorption lines. 

The FWHM of the He I absorption lines was also around 1300 –

1600 km s −1 . The spectral evolution of ASASSN-21br throughout 

the outburst is shown in Fig. 5 . The last spectrum obtained on 2021 

March 03 still shows He I absorption lines, indicating that the outburst 

lasted longer than 20 d. We expect that by the end of the outburst, the 

spectrum would show emission lines again. 

3.5 Spectroscopic timing analysis 

We attempt to retrieve the photometric period from the time-resolved 

spectroscopic observations performed with SALT o v er four nights. 

We derive radial velocities from the strongest He I absorption lines at 

4471, 4921, and 5876 Å using two methods: (1) we use Gaussian fits 

to derive the line centres and then calculate the radial velocities. This 

has been done using the SPLOT package in IRAF and using the SCIPY 

Python package; (2) we also computed radial velocities using FXCOR 

in IRAF to do a Fourier cross-correlation. A high-Signal to Noise 

Ratio (SNR) spectrum is used as a template to derive the relative 

radial velocity shifts of each spectrum to the high-SNR spectrum. 

This was done separately for each night. In both methods, we apply 

a barycentric correction to the radial velocities. The uncertainties are 

derived by combining (1) the average shift of the observ ed sk y lines 

from their central wavelength and (2) the average shift of the strongest 

emission lines in the arc spectra used to wavelength calibrate the 

science spectra ( �R V = 
√ 

( �R V Sky ) 2 + ( �R V arc ) 2 ). In both cases, 

the shifts were derived by fitting a Gaussian to the lines. This resulted 

in uncertainties of a few 10 s of km s −1 . 

The radial velocities of the He I absorption lines show random 

changes and no periodic modulation. We show the radial velocity 

curv es folded o v er the 36.65 min period in Fig. A2 . A barycentric 

correction is applied to the observation dates (assumed as middle 

of the exposure). The radial velocities do not show any modulation 

consistent with the photometric period. In Figs 6 and 7 we present 

2D dynamic trailed spectral evolution o v er four nights centred on the 

He I 4471 and 4921 Å absorption lines, respectively. The 2D dynamic 

trailed spectra are presented in both chronological order and phase 

folded using the photometric period. The latter do not show any 

sinusoidal ‘S-shape’ trend, again implying that the changes in the 

spectral lines are not modulated o v er the photometric period. 

Figure 3. Left: a Lomb–Scargle periodogram of the SHOC photometry. The periodogram shows a peak at a period of around 36.65 min. Right: The phased 

SHOC data folded o v er the 36.65 min period. 
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Figure 4. The SOAR spectrum of ASASSN-21br taken on 2021 February 18 during the dip in the light curve (first dashed line in Fig. 1 ). 

4  DISCUSSIO N  A N D  C O N C L U S I O N S  

4.1 The orbital period of ASASSN-21br 

The photometric period of 36.65 min, which we found in the SHOC 

data, is possibly representative of the orbital period of ASASSN- 

21br, given that it falls within the typical range of orbital periods 

of oubtursting AM CVn systems. Ho we ver, since the data are taken 

during outburst, the period is highly likely the superhump period 

(Patterson et al. 2005 ; Solheim 2010 ). The difference between 

the orbital period and the superhump period is likely small (a 

few per cent). The time-resolved spectroscopy could have helped 

us impro v e the orbital period estimates, but we did not find any 

periodic modulation in the spectral absorption lines taken during the 

outburst. We suggest that this is mostly due to the He I absorption 

lines originating in the outbursting accretion disc, and therefore are 

not ideal to determine the orbital period of the system. In order to get 

better constraints on the orbital period, time-resolved spectroscopy 

taken during quiescence is needed. This is both challenging and time- 

consuming task given the brightness of the system in quiescence 

(around 20 mag in the optical) and the broad emission lines in the 

spectrum originating from the accretion disc. 

4.2 The properties of the outburst 

The 2021 outburst of ASASSN-21br is the only outburst recorded 

in the system between 2016 and 2024. While AM CVn systems 

experience multiple outbursts, the frequency of these outbursts might 

decrease with increasing orbital period (Levitan et al. 2015 ; Ramsay 

et al. 2018 ; Duffy et al. 2021 ; Rivera Sandoval et al. 2022 ). Levitan 

et al. ( 2015 ) derived an empirical relation for the recurrence period 

as a function of the orbital period. Based on these relations, we derive 

a recurrence period of ASASSN-21br: 

P recur = (1 . 53 × 10 −9 ) P 
7 . 35 
orb + 24 . 7 ≈ 504 d . 

An accurate estimate for the recurrence period of ASASSN-21br 

is not available due to lack of co v erage. ASAS-SN did not catch any 

other outburst during 1800 d (between the first ASAS-SN observation 

of the field of ASASSN-21br on 2016 March 18 and the start of the 

2021 outburst; see Fig. A3 ). While outbursts might have been missed 

due to solar constraints (see below), this is almost four times the 

estimate from the empirical relations of Levitan et al. ( 2015 ). This 

shows that the behaviour of outbursting AM CVn systems is more 

di verse than pre viously thought (Duf fy et al. 2021 ; Ri v era Sando val 

et al. 2021 ). 

The ASAS-SN co v erage is interrupted by solar conjunction for 

around three months every year year. Therefore, there is a substantial 

chance of missing previous outbursts in the ASAS-SN data. In 

order to estimate the probability of missing one or more outbursts, 

we simulate ≈6 ×10 6 light curves for different burst lengths and 

interburst intervals, and compare these light curves with the ASAS- 

SN data (Fig. 8 ). We found that there is an ≈25 per cent to 50 

per cent chance of missing at least one outburst in the ASAS- 

SN data, with the chance decreasing with increasing burst length 

and decreasing interburst intervals. This is consistent with similar 

simulations performed by Ramsay et al. ( 2012 ). For a burst interval 

of 504 d and a burst length of 20 d (as derived for ASASSN-21br 

using the relations of Levitan et al. 2015 ), the chance of missing an 

outburst is close to 45 per cent. This means that there is a significant 

possibility that a previous burst has been missed. 

Levitan et al. ( 2015 ) also derived empirical relations relating the 

orbital period with the (super)outburst duration. It is challenging to 

determine the duration of the outburst of ASASSN-21br based on the 
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Figure 5. The spectral evolution of ASASSN-21br during its outburst. A vertical offset is added to the spectra for visualization purposes. Line identifications 

are included to guide the reader. 

ASASN-SN data alone, since the brightness of the system drops be- 

lo w ASASN-SN’s sensiti vity before the outburst is necessarily o v er. 

Ho we ver, based on the ASAS-SN light curve and our spectroscopic 

follow-up, we estimate an outburst duration of more than 20 d. In Fig. 

9 we compare the outburst properties of ASASSN-21br with other 

known AM CVn systems, and the empirical relations of Levitan et al. 

( 2015 ). The plot shows that the outburst duration of ASASSN-21br 

is not consistent with the relation of Levitan et al. ( 2015 ), ho we ver it 

is consistent with disc instability models. This is true for the lower 

limit derived on the duration of the outburst. If the value is actually 

longer, the outburst duration would then be more consistent with the 

empirical relations of Levitan et al. ( 2015 ). 

In Fig. 10 , we show a colour magnitude diagram, comparing 

the quiescent colours and absolute magnitude of ASASSN-21br 

to other AM CVn systems and other Galactic stars with accurate 

parallaxes (error of less than 10 per cent). Like other AM CVn 

systems, ASASSN-21br is more luminous in the G band then single 

white dwarfs of similar colour. This is mostly due to excess emission 

from the accretion processes. Ho we ver, the system is fainter than 

several other AM CVn systems with shorter orbital periods–these 

are systems that are constantly in a high state (Ramsay et al. 2018 ). 

Since the brightness of the system is suggested to be correlated with 

the orbital period (Rivera Sandoval et al. 2021 ), and ASASSN-21br 

orbital period is on the longer end of outbursting AM CVns, we 
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Figure 6. 2D dynamic spectra of ASASSN-21br centred on the He I 4471 Å absorption line. The left panel shows the spectra in chronological order. The right 

panel shows the spectra sorted by phase based on the photometric period. A barycentric correction is applied to the radial velocities. 

Figure 7. Same as Fig. 6 but centred on the He I 4921 Å absorption line. 

Figure 8. We show the probability (percentage) of missing an outburst as 

a function of outburst interval and outburst length. The horizontal dashed 

line represents the duration of the 2021 outburst of ASASSN-21br and 

the horizontal vertical line represents the interbust intervals as derived for 

ASASSSN-21br using the empirical relations of Levitan et al. ( 2015 ); see 

text for more details. 

Figure 9. The outburst duration as a function of orbital period for several AM 

CVn systems, adopted from Rivera Sandoval et al. ( 2021 ), with ASASSN- 

21br as a red star. The blue line (the higher line on the plot) is the empirical 

relations of Levitan et al. ( 2015 ), while the orange line (the lower line on the 

plot) is the relation from Cannizzo & Ramsay ( 2019 ) for the disc instability 

model. 
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Figure 10. A Gaia colour–magnitude diagram of AM CVn systems and 

normal stars, adopted from Rivera Sandoval et al. ( 2021 ), with ASASSN-21br 

as a red star. The grey points are Galactic stars (near SDSS J113732 + 405458) 

with accurate Gaia parallaxes. No extinction correction is applied. The 

difference in the extinction between the direction of ASASSN-21br and SDSS 

J113732 + 405458 is small. 

expect that the system is relatively dimmer during quiescence. This 

is also true when comparing ASASSN-21br to systems like SDSS 

J113732 + 405458 and SDSS J1505 + 0659, which are characterized 

by longer orbital periods ( P orb = 60 and 68 min, respectively) and 

therefore are dimmer than ASASSN-21br in quiescence (Fig. 10 ). 

4.3 The in-outburst dip 

Several AM CVn systems show pronounced dips during their 

(super)outbursts (Ramsay et al. 2010 , 2012 , 2018 ; Levitan et al. 

2011 ; Duffy et al. 2021 ; van Roestel et al. 2021 ). These dips are 

usually seen a few days after peak brightness and last for only a few 

days before the system brightens again. The origin of these dips is 

poorly understood, and whether they are similar to the dips observed 

in the WZ Sge-type hydrogen-accreting, dwarf novae (Kotko et al. 

2012 ), or if they are related to the ‘cycling state’ – a series of low- 

amplitude, frequent outbursts, which prolong the duration of the 

superoutburst and may last as long as the smooth superoutburst itself 

(Patterson et al. 1997 , 2000 ) – is not clear. For hydrogen-accreting 

cataclysmic variables, the dips are proposed to be a normal outburst 

triggering a superoutburst (van der Woerd & van Paradijs 1987 ; Kato 

1997 ). Ho we ver, this is challenged by the fact that the brightness 

of the first peak is larger than that of the second peak. Kotko et al. 

( 2012 ) attempted to reproduce the dips in AM CVn outbursts by 

changing the mass-transfer rate after the first peak. The enhanced 

mass-transfer rate leads to dips and echo outbursts. 

The first spectrum we obtained for ASASSN-21br was taken 

during the dip. The spectrum was emission lines dominated with a flat 

continuum (Fig. 4 ), before turning into an absorption line dominated 

spectrum after the dip (see Figs 1 and 5 ). The shift from an emission 

to an absorption spectrum means that the disc switched states from 

optically thin to optically thick. During the dip, the spectrum is typical 

of spectra taken in quiescence, while after the dip, the spectrum is 

typical of outburst spectra. If the spectrum during peak (before the 

dip) was also absorption line dominated, this might imply that the 

dip is a phase between two outbursts, i.e. the system returned to 

a quiescent phase for a short period before another outburst was 

triggered. Ho we ver, we do not have any spectra covering the pre-dip 

peak. 

4.4 Summary 

In summary, we obtained photometric and spectroscopic follow- 

up of the Galactic transient ASASSN-21br. The hydrogen-deficient 

spectra are consistent with that of an AM CVn system. Time- 

resolved photometry showed modulation with a period of 36.65 min, 

which is consistent with the period range of AM CVns. Given that 

these photometric observations were taken during the outburst, it 

is possible that they might represent the superhump period, which 

would be expected to be few per cent larger than the actual orbital 

period. We attempted to retrieve the photometric period using time- 

resolved spectroscopy, also obtained during outb urst, b ut we failed 

to find any periodicity possibly because the spectral absorption 

lines used to derive the radial velocities originate in the outbursting 

accretion disc. There is a pronounced dip in the light curve a few days 

after peak brightness, which is common in AM CVns. Our spectra 

show a significant change between the dip (emission lines) and post- 

dip (absorption lines), indicating a major change in the state of the 

disc during the dip. 

Increasing the sample of known AM CVn systems with derived 

orbital periods is important for future gra vitational wa ve missions, 

and to impro v e our understanding of the outburst mechanism in 

these compact binaries. Future spectroscopy of ASASSN-21br in 

quiescence would aid in an impro v ed constraints on its orbital period. 
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AP PENDIX  A :  SUPPLEMENTA RY  PLOT S  

In this Appendix, we present supplementary plots. 

Table A1. Log of the spectroscopic observations of ASASSN-21br. 

Date Instrument R Range ( Å) 

2021-Feb-17 SOAR-Goodman 1000 4100 – 7500 

2021-Feb-19 SAL T -RSS 800 4400 – 6400 

2021-Feb-20 SAL T -RSS 800 4400 – 6400 

2021-Feb-22 SAL T -RSS 800 4400 – 6400 

2021-Feb-23 SAL T -RSS 800 4400 – 6400 

2021-Mar-03 SOAR-Goodman 1000 4100 – 7500 
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Figure A1. Left: the SHOCH photometric data taken on the nights of 2021 February 19, 20, 21, and 22 (from top to bottom). Middle: the Lomb–Scargle 

periodogram performed for each night. A detrending has been applied to the photometry prior to the timing analysis. Right: the phased light curves folded over 

the period derived from the timing periodograms. 
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Figure A2. Radial velocity curves of ASASSN-21br folded over the 36.5 min period. From bottom to top, the nights of 19, 20, 22, and 23 of 2021 February. 

The bottom panel shows the measurements from all four nights. The barycentric -corrected velocities are measured using the He I 4921 Å absorption line. 
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Figure A3. The ASAS-SN light curve of ASASSN-21br between 2016 March 08 and 2024 June 07. The green circles are g-band magnitudes while the blue 

stars are V -band magnitudes. The quiescent flux is dominated by nearby sources. The vertical dashed lines represent a 504 d duration centred at the 2021 

superoutburst, which is considered as t = 0. 
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