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A B S T R A C T 

SDSS-V is carrying out a dedicated surv e y for white dwarfs, single, and in binaries, and we report the analysis of the spectroscopy 

of 118 cataclysmic variables (CVs) and CV candidates obtained during the final plug plate observations of SDSS. We identify 

eight new CVs, spectroscopically confirm 53 and refute 11 published CV candidates, and we report 21 new or impro v ed orbital 
periods. The orbital period distribution of the SDSS-V CVs does not clearly exhibit a period gap. In common with previous 
studies, the distribution shows that spectroscopically identified CVs have a larger proportion of short-period systems compared 

to samples identified from photometric variability . Remarkably , despite a systematic search, we find very few period bouncers. 
We estimate the space density of period bouncers to be � 0 . 2 × 10 

−6 pc −3 , i.e. they represent only a few per cent of the total CV 

population. This suggests that during their final phase of evolution, CVs either destroy the donor, e.g. via a merger, or that they 

become detached and cease mass transfer. 

K ey words: stars: e volution – Hertzsprung–Russell and colour–magnitude diagrams – cataclysmic variables. 
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 I N T RO D U C T I O N  

ataclysmic variables (CVs; see Warner 2003 for a comprehensive 
 v erview) are interacting binaries in which a white dwarf is accreting
rom a low-mass companion. They are a key population for testing 
nd developing our understanding of close binary evolution and 
nteraction (Belloni & Schreiber 2023 ). The shortest-period systems 
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re among the verification sources for the space-based gravitational 
ave mission LISA (Kupfer et al. 2018 ), and they provide ideal

aboratories for the study of accretion discs (Hameury 2020 ) and
ccretion onto magnetic stars (Cropper 1990 ; Ferrario, de Martino &
 ̈ansicke 2015 ). 
Ho we ver, because of their wide range of observational properties,

he known population of CVs remains subject to severe selection 
iases (G ̈ansicke 2005 ). Even the census of CVs within 150 pc is
urrently only ≈77 per cent complete; the undisco v ered CVs will
lmost entirely be systems that show little optical variability (Pala 
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t al. 2020 ) such as low-accretion rate WZ Sge systems (Tampo et al.
020 ) and high-accretion rate nova-like variables (Inight et al. 2022 ).
The Sloan Digital Sk y Surv e y (SDSS) (York et al. 2000 ) has

ro v en to be an important tool for identifying CVs spectroscopically
Szkody et al. 2002 , 2003 , 2004 , 2005 , 2006 , 2007 , 2009 , 2011 ), with
he total number of CVs observed by SDSS standing at 507 (Inight
t al. 2023 ). Follo w-up studies of indi vidual SDSS CVs led to a large
umber of notable individual results, including the identification of
rown-dwarf donors (Schmidt et al. 2005c ; Littlefair et al. 2006a ),
he identification of low-mass transfer magnetic CVs (Schmidt et al.
005b , 2007 ), the first eclipsing AM CVn (Anderson et al. 2005 ), nu-
lear evolved CVs (Littlefair et al. 2006b ; Rebassa-Mansergas et al.
014 ), pulsating white dwarfs (G ̈ansicke et al. 2006 ; Mukadam et al.
007 ; Pavlenko et al. 2014 ), and a halo CV (Uthas et al. 2011 ), as well
s the detection of spiral shocks (Aviles et al. 2010 ; Pala et al. 2019 ).
he SDSS spectroscopy led, in particular, to the disco v ery of a large
umber of CVs with no history of outbursts; analysis of these systems
onfirmed the long-standing prediction of a pile-up of CVs near the
inimum orbital period of about 80 min (G ̈ansicke et al. 2009 ). 
During the commissioning of SDSS, Raymond et al. ( 2003 )

eveloped a targeting strategy for CVs in ugriz colour space, which,
o we v er, pro v ed to be more ef fecti ve in identifying detached white
w arf plus M-dw arf binaries. As remarkable as the impact of SDSS
as been on the research of CVs, most of the SDSS CVs were
bserved serendipitously in a much larger pool of objects targeted for
pectroscopy for a wide range of reasons, e.g. as quasar candidates or
lue excess objects (Strauss et al. 2002 ) or because of their variability
Morganson et al. 2015 ). 

SDSS has now entered its fifth phase (SDSS-V, Kollmeier et al.
017 ), which will extend multi-object spectroscopy across the entire
ky by operating robotic fibre positioners on the 2.5 m SDSS
elescope at Apache Point Observatory (APO) and at the 2.5 m
upont telescope at Las Campanas Observ atory. SDSS-V dif fers

rom its predecessors in which it contains a program to deliberately
arget white dwarfs and CVs. Although most of SDSS-V will be
arried out with robotic positioners, the first eight months of SDSS-
 observations at APO followed the approach using fibres positioned

n the focal plane with drilled plates (Blanton et al. 2003 ) to feed a
pectrograph, as used in the earlier phases of SDSS. 

We report here on the 118 CVs observed in the first eight months
f SDSS-V as part of the dedicated white dwarf binary targeting
trategy. We describe the identification of new CVs, the spectral
onfirmation of candidate CVs, and new observations of previously
nown CVs. We report new orbital periods for 21 of these CVs
btained by combining radial velocity data from SDSS with light
urves from the Zwicky Transient Facility (ZTF; Bellm et al. 2019 )
nd other follow-up observations. The remainder of this manuscript
s organized as follows. We describe the target strategy in Section 2
nd our observations in Section 3 . We describe how we analyse
nd classify the spectra and light curves in Section 4 , report our
esults in Section 5 , and discuss our findings in Section 6 . Finally, we
ummarize our results in Section 7 . A complete table of information
bout the observed systems is included in the appendix. 

 TA R G E T  SELECTION  

hereas the previous generations of the SDSS surv e ys were prolific
n identifying new CVs, the vast majority of these systems were
bserv ed serendipitously, man y of them because the y o v erlap in
olour space with quasars (see for example Richards et al. 2002 ;
 ̈ansicke et al. 2009 ). SDSS I to IV preceded Gaia (Gaia Collab-
ration 2018 ), therefore parallaxes, and hence absolute magnitudes
NRAS 525, 3597–3625 (2023) 
ere not available, and the only dedicated target selection for CVs
elied on rather crude colour-colour cuts, which were in fact more
uccessful in identifying detached white dwarf plus M-dwarf binaries
Raymond et al. 2003 ). The CVs within SDSS I to IV were identified
y visual inspection of the SDSS spectroscopy, sometimes aided by
arious techniques filtering the entire SDSS data set into shortlists
f candidate objects to be inspected (e.g. Szkody et al. 2002 , 2003 ,
004 , 2005 , 2006 ; Carter et al. 2014 ; Gentile Fusillo, G ̈ansicke &
reiss 2015 ; Kepler et al. 2019 , 2021 ; Inight et al. 2023 ). 
SDSS-V provided the first opportunity to define dedicated target

elections aimed at white dwarfs and CVs that made use of the Gaia
strometry. These target selections are defined using ‘cartons’, most
f which use a set of algorithmic rules, filtering large catalogues of
bjects, to produce the target lists for SDSS-V (see table 2 in Almeida
t al. 2023 and the description of the compact binary and white dwarf
artons). We defined eight cartons using a range of criteria to target
hite dwarfs, both single and in binaries: mwm wd core is based
n the Gaia white dwarf candidate catalogue of Gentile Fusillo
t al. ( 2019 ), whereas mwm cb gaiagalex, mwm cb uvex1,
wm cb uvex2, mwm cb uvex3, mwm cb uvex4, and 
wm cb uvex5 leverage the fact that both single white dwarfs and

hose in binaries (detached and CVs) have an ultraviolet excess.
hese ultraviolet-excess cartons are based on cross-matching Gaia
ith ultraviolet surv e ys, including GALEX (Morrisse y et al. 2007 ),

he ultraviolet observations obtained by the Optical Monitor of
MM-Newton (Mason et al. 2001 ; Page et al. 2012 ), and the UV O T

nstrument onboard SWIFT (Gehrels et al. 2004 ; Roming et al. 2005 ).
hese ultraviolet-excess cartons contain a substantial proportion of,
ut not all, the CVs in the observable SDSS-V footprint. Finally,
e defined a carton, mwm cb cvcandidates , that contains a

ollection of published CVs and CV candidates (potential CVs that
ave typically been identified by an outburst and need confirmation
ith a spectrum). Full details of the target selection rules will be
rovided in a forthcoming publication. These eight cartons were
hen assigned priorities for the SDSS-V observations that were
bo v e most of the other stellar and extragalactic cartons, ensuring a
igh completeness of the spectroscopic follow-up. One important
act to bear in mind in the analysis of the SDSS-V results is that a
iven target can be selected by multiple cartons. 
When referring to individual systems, we abbreviate their

DSS designations to four digits in each of RA and Dec., e.g.
DSS J062429.71 + 002105.8, is referred to as J0624 + 0021. The
ull designations are listed in Table A1 . 

 OBSERVATI ONS  

.1 SDSS spectroscopy 

he SDSS BOSS spectrograph (Dawson et al. 2013 ; Smee et al. 2013 )
o v ers the range 3600 − 10 400 Å. The data analysed here were
rocessed with v6 1 0 of the SDSS-V pipeline (Almeida et al. 2023 ),
hich performed sky subtraction together with flux and wavelength

alibration of each exposure. Based upon our analysis, the SDSS-V
pectroscopy can be used to measure radial velocities from narrow
pectral lines with an accuracy of up 20 km s −1 . SDSS-V differs from
he preceding surv e ys in that it e xpanded the co v erage to include the
alactic disc, which introduces new challenges; in particular, the

eddening effect of interstellar dust has impacted the flux calibration
f a number of spectra. 
SDSS-V spectroscopy of the cartons described in Section 2

as carried out on 236 individual plates, where each plate co v ers
 7 deg 2 of the sky. Sixteen pairs of plates had identical plate centre
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Table 1. Target cartons observed by SDSS-V and used for the analysis in 
this paper showing the completeness. The numbers observed per carton refer 
to the 236 plates observed as part of SDSS-V in which these cartons were 
implemented in the observing strate gy. Man y targets are present in multiple 
cartons. 

Carton Targets Number Per cent CVs 
observed complete found 

mwm cb g aiag alex 7773 4050 52 26 
mwm cb uv e x1 3281 2488 76 27 
mwm cb uv e x2 8040 5802 72 44 
mwm cb uv e x3 29 24 83 0 
mwm cb uv e x4 179 144 80 2 
mwm cb uv e x5 282 27 10 0 
mwm wd 6229 5781 93 18 
mwm cb cvcandidates 141 124 88 101 

Figure 1. Distribution of the number of 900 s exposures used to form each of 
the 27 191 co-added spectra. The exposures were often contiguous but al w ays 
obtained within a 2–3 d epoch. When an object was observed in more than 
one epoch, a separate co-added spectrum was produced for each epoch. 
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Table 2. The journal of the Liverpool Telescope observations. 

Date UTC N (obs) Duration 
(start) (minutes) 

J0624 + 0021 
2021 December 29 22:27:40 120 218 
2022 January 05 22:40:53 90 162 

J1740 + 0258 
2022 June 03 23:09:51 180 325 
2022 June 20 22:41:14 200 262 
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oordinates. The number of targets per carton, observed targets 
er carton, spectroscopic completeness, and the number of CVs 
dentified per carton are reported in Table 1 . The exposure time for
ach plate observation was 900 s. A number of exposures were taken,
hich were often, but not al w ays, contiguous. The pipeline collects

ll the exposures of a given plate within 2 − 3 d (a ‘plate-epoch’
ereafter referred to as an epoch) and co-adds the individual spectra 
or each target (see Fig. 1 ). We use the co-added spectrum for our
pectral classification identification as it will have a higher signal- 
o-noise ratio (SNR) than the individual 900 s spectra. We use the
ndividual spectra to probe for variations in radial velocity. The plate 
bservations of SDSS-V collected 27 191 co-added spectra of 11 384 
ndividual targets that fall within our cartons (many plates were 
bserved at different epochs, separated by weeks to months, resulting 
n multiple co-added spectra of a substantial number of targets). 

The CV sample presented in this paper is therefore not complete 
ithin the SDSS-V plate program and is limited to the systems

argeted in the cartons described abo v e – additional CVs may emerge
rom the extragalactic programs, although these are most likely to be 
oo faint to have a Gaia counterpart. 

.2 Photometric sur v ey data 

e retrieved archival light curves from the Catalina Real-Time 
ransient Surv e y (CRTS; Djorgo vski et al. 2011 ), ZTF (Bellm et al.
019 ), and the Transiting Exoplanet Surv e y Satellite ( TESS , Ricker
t al. 2015 ). We re vie wed these primarily for historical outbursts.
he ZTF and TESS light curves are shown alongside the spectra in
igs 1–13 in the supplementary material. 

.3 Follo w-up obser v ations 

.3.1 Photometry 

e obtained follow-up photometry using the 2 m Liverpool 
elescope (LT, Steele et al. 2004 , see Table 2 for details) of two
articularly interesting CVs: J0624 + 0021, which is located in 
he period gap (Section B9 ) and J1740 + 0258, which exhibits
nusual state changes (Section B33 ). Both systems were identified 
s potentially eclipsing systems from their SDSS spectra where the 
igher Balmer lines exhibit deep central absorption dips that go 
own to, or even below the continuum. Both targets were observed
wice. The length of the initial observation was chosen to exceed
he likely orbital period so that at least one eclipse would be
bserved. In both cases, the first observation covered two eclipses, 
rom which we estimated the orbital period, and then scheduled 
 second observation a few days later to provide a more accurate
eriod measurement. Each LT observation consisted of a sequence 
f 90 s exposures with the IO:O imager using a Bessel- V filter.
he standard LT pipeline was then used to provide bias subtraction
nd flat fielding. Differential photometry was obtained with the 
EXTRACTOR package (Bertin & Arnouts 1996 ), using Gaia EDR3 
 120 280 993 084 993 792 as comparison star for J0624 + 0021 and
aia EDR3 4 376 322 089 783 941 120 for J1740 + 0258. 

.3.2 Spectroscopy 

rior to SDSS-V, one of the authors (JRT) obtained time-resolved 
pectroscopy using the 2.4 m Hiltner telescope of the MDM ob-
ervatory at Kitt Peak (see Thorstensen 2020 for more details on
he instrument and data reduction techniques) of the CV candidate 
0418 + 5107 (NS Per) because it appeared to be suitable for a
adial-velocity based period determination. We present here the so 
ar unpublished results of these observations (Section C5 ). 

 ANALYSI S  

.1 Classification 

lassification consists of first identifying the CVs among the 27 191
DSS-V co-added spectra and then determining the sub-type of each 
V. 

.1.1 CV identification 

e initially scanned each spectrum by eye for indications of a CV
ature – typically the presence of emission lines but see Inight et al.
 2023 ) for a full description of the spectral characteristics of CVs.
lthough in theory this process could be automated, there was a risk
MNRAS 525, 3597–3625 (2023) 
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hat some important exotic object could be missed (such as nova-like
ariables and dwarf novae observed during outb urst, which ha ve disc-
ominated spectra with, in some cases, very weak absorption lines).
n addition, some plates near the Galactic plane that were subject
o substantial amounts of reddening had very poor flux calibrations,
nd CV spectra obtained on those plates would very likely have been
issed in any automated search. 
The list of CVs obtained from this visual inspection was then com-

ared with CV catalogues (Ritter & Kolb 2003 ; Watson, Henden &
rice 2006 ) to identify previously known CVs and then subjected to
ore detailed scrutiny using the available archival information (light

urves, astrometric, and photometric data). New CVs identified in
DSS-V and systems where the SDSS-V spectra refute previously
ublished CV classifications are discussed in Section 5 , detailed notes
n pre viously kno wn CVs where the SDSS-V spectra confirms their
lassification are given in Appendix B , and Appendix C includes
otes on a selection of well known CVs where SDSS-V has revealed
ew information. 
Several CVs were observed at different epochs by SDSS-V

nd the resulting co-added spectra were compared and merged
here appropriate. As part of this process, we found four CVs

J0528 − 0333, J0808 + 3550, J0926 + 0345, and J1830 + 2655) that
ere observed in both outburst and quiescence and these are shown

eparately in Fig. 13 in the supplementary material. 
The final list of CVs (Table A1 ) was then subjected to a rigorous

earch of the literature to find references both for the initial claim
f a CV nature, the first published spectrum, and the most accurate
easurement of the orbital period. 

.1.2 CV sub-types 

Vs are categorized into a number of sub-types based on their
bserved characteristics, with the sub-types often being named after
 prototype CV that e x emplifies particular characteristics. In this
aper, we have used the classifications from the literature where
vailable, making additions and corrections where appropriate. 

In the companion paper on CVs observed by in SDSS I to IV (Inight
t al. 2023 ), we describe the taxonomy of CVs and summarize the
alient stages of CV evolution. The following is a highly simplified
 v erview: 
Non-magnetic CVs ( B � 1 MG) that exhibit disc outbursts are

warf novae, those with steady hot discs are nova-like variables.
warf novae are further sub-classified into SU UMa CVs (typically

hort-period, P orb � 3 h, that have relatively frequent outb ursts, inter -
persed by longer and brighter superoutbursts), ER UMa CVs (sys-
ems with very short superoutburst recurrence times), WZ Sge CVs
which only have rare superoutbursts), U Gem CVs (typically long-
eriod, P orb � 3 h, dwarf novae that do not show superoutbursts),
nd Z Cam CVs (that switch between outburst states and ‘stand-
till’ periods of constant brightness). CVs with highly magnetic
hite dwarfs (MCVs) consist of polars (which typically have B
 10 MG and the white dwarf spin period synchronized with the

rbital period, P spin = P orb ) and intermediate polars (IPs, with 10 �
 � 1 MG, and P spin < P orb ). Finally, AM CVn CVs are ultra-short
eriod ( P orb � 60 min) hydrogen-deficient CVs. 
We classified all SDSS-V CVs by considering all available data.

his includes not only the spectrum but also CRTS, ZTF, and
ESS light curves, spectral energy distributions (SED) based on

he available broad-band photometry, Hertzsprung–Russell (HR)
iagrams based on the Gaia astrometry and photometry, and Pan-
TARRS images. CVs for which we were unable to determine a
ub-type are simply classified ‘CV’. 
NRAS 525, 3597–3625 (2023) 
.2 Orbital periods 

e use a combination of spectroscopically derived radial velocities
SDSS and the MDM Observatory) and photometric light curves
ZTF) to estimate orbital periods. 

.2.1 Radial velocities from SDSS-V 

he measurement of radial velocities from the Doppler shifts of
mission lines and their variation o v er an orbital period have a
ong history of determining the period of a CV (Merrill 1923 ). The
mission lines are assumed to arise from the accretion disc around
he white dwarf and to track the orbit of the white dwarf around the
entre of gravity of the CV. The observed velocity is smaller than the
eplerian velocity of the white dwarf, v obs = sin i × v wd with i , the

nclination of the binary, which implies that orbital periods for low
nclination systems may be difficult to impossible to measure. 

The spectroscopy of the CVs in SDSS-V consists of one or more
pochs in each of which multiple 900 s exposures were obtained (see
ig. 1 ). In contrast to the co-added identification spectra shown in
ection 5 and the supplementary material, many of the individual
00 s e xposures hav e low SNR, and some of them are affected with
osmic ray artefacts that had to be manually identified and remo v ed.
n order to measure radial velocities from these individual spectra, we
eveloped a two-step procedure simultaneously fitting two Gaussians
to model double-peaked emission lines) to each of the first four
almer lines, H α to H δ, using the same radial velocity (Fig. 2 ).
he LMFIT package provides a straightforward way to achieve this in
YTHON . Prior to fitting, we normalized the continuum around each
f the four Balmer lines in each exposure to unity by means of a
rst-order polynomial fit. 
In the first step, we notice that a Gaussian has three free parameters
central wavelength ( μ), width ( σ ), and amplitude ( A ): 

 ( λ; A, μ, σ ) = 

A 

σ
√ 

2 π
exp 

( 

−1 

2 

(
λ − μ

σ

)2 
) 

(1) 

or this step, we created an LMFIT (Newville et al. 2016 ) model of
he form: 

 + 

∑ 

i∈{ α,β,γ,δ} 

(
f 
(
λ; A i, 1 , λi − s/ 2 , σi, 1 

)

+ f 
(
λ; A i, 2 , λi + s/ 2 , σi, 2 

))
(2) 

here 

i = μi + 

√ 

1 − v/c 

1 + v/c 
(3) 

ere μi is the central wavelength of the i(th) Balmer line, s is the
ifference in wavelength between the centres of the two Gaussians,
nd v is the radial velocity causing the Doppler shift; C is a constant.
his model is fitted to each exposure, in turn allowing all the free
arameters to vary. In a few cases where the spectrum shows a steep
almer decrement and the higher order lines are not visible, we limit

he process to H α and H β. 
For the second step, a template model of the form ( 2 ) is formed

y averaging the values of each of the free parameters derived in the
rst step o v er the e xposures. The template model is then fitted to
ach exposure with only v being allowed to vary. 

With a set of measured radial velocities in hand, the next step is to
stimate the period. This is inherently difficult because the data set
s sparse, and so we use a two (three) pronged approach, based on
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Figure 2. Example of extracting radial velocities by fitting a template of four double-Gaussian profiles (orange) to an individual 900 s spectrum of J0633 + 0303 
(blue). The observed spectrum and the template are both normalized to unity individually for each Balmer line. The radial velocity of the CV is measured by 
fitting all four Balmer lines simultaneously with a single free parameter for the velocity. 
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Figure 3. Top panel: ZTF light curve of J0038 + 2509 showing the outbursts 
in red. Bottom panel: The same light curve, clipped to remove the outbursts 
and with long-term trends remo v ed. 
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ine fits to the radial velocities, the use of the PYTHON package called
HE JOKER (Price-Whelan et al. 2017 ) and ZTF periodograms where 
vailable. We consider a period trustworthy where the approaches 
ive consistent results. To fit a sine wave, we use LMFIT to fit an
quation of the form: 

( t ; K, P , φ, v sys ) = K sin 

(
2 πt 

P 

+ φ

)
+ v sys (4) 

here K , P , and φ are the amplitude, period, and phase of the radial
elocity variation, and v sys is the systemic velocity . Unfortunately , 
hen seeking the optimal values of the four free variables, LMFIT 

s v ery sensitiv e to the initial values with which it is seeded and
ill select a solution giving a local minimum for χ2 , which will
ot al w ays be the correct one. To address this problem, we used an
xisting published value or a photometric estimate (e.g. from ZTF) 
here available to seed the process. 
We also used THE JOKER to help identify the correct alias. 

HE JOKER makes prior assumptions about the distribution of six 
arameters – namely orbital period, eccentricity, 1 pericentre phase 
nd argument, velocity semi-amplitude, and the barycentre velocity. 
hese distributions are used to create a large set of samples, which are

hen compared with the observed data to obtain posterior distributions 
nd hence the most likely alias. 

The accuracy of a period derived from radial velocities depends 
eavily upon the SNR of the data, the number of exposures, and the
umber of epochs. 

.2.2 Light curves from ZTF 

he plate surv e y of SDSS-V and ZTF have similar coverage in the
orthern sky, so most of our CVs and CV candidates have ZTF data.
TF saw first light in November 2017 and is designed to surv e y the
k y ev ery � 3 d, although some areas are observed more frequently in
he search for extragalactic transients (Bellm et al. 2019 ). The number
f ZTF photometric data points varies with the location on the sky
ith median values of 260 and 482 for the g and r -band, respectively.
ome objects additionally have a few nights of high cadence (with 

mages obtained typically every few minutes for several hours) 
bservations, which are particularly useful for measuring orbital 
eriods. Before searching for periodic behaviour, it is necessary to 
emo v e outbursts and also remo v e an y long-term trends (see Fig. 3 ).

e defined a threshold for each object to clip outbursts and used a
 For the purpose of our analysis, we assume that the orbit is circular and that 
ny small ellipticity can be ignored. 

D
t  

o  

f

olynomial filter to remo v e trends. The filter spans a longer time than
ny potential orbital period. We then computed a periodogram (see 
ig. 4 ) using two techniques: a Fourier analysis (Deeming 1975 )
nd the ‘Multi-harmonic Analysis of Variance’ (AOV) algorithm 

Schwarzenberg-Czerny 1989 ). The Fourier analysis works well for 
inusoidal light curves whilst the AOV is superior for light curves
ith more complex structures, e.g. cyclotron beaming or eclipses. For 

he 66 systems studied here that had no period measurement, ZTF
eriodograms provide a unique reliable period in only eight cases 
typically where there is high cadence data), but they also help to
dentify the correct alias from periods derived from radial velocities. 
epending on the physical origin of the photometric modulation, 

he strongest signal in the ZTF periodograms could be equal to the
rbital period (e.g. for eclipsing CVs) or half the orbital period (e.g.
or systems where the donor contributes significant amounts of light, 
MNRAS 525, 3597–3625 (2023) 



3602 K. Inight et al. 

M

Figure 4. Top panel: The ZTF power spectrum of J0635 + 0303. The 
strongest signal is likely to be the orbital period and was used to seed the 
analysis of the radial velocity variations. Bottom panel: The ZTF power 
spectrum of J0038 + 2509, showing the strongest signal at 2.26 h, and 
a slightly weaker signal at the second harmonic. The strongest signal is 
consistent with the superhump period of 2.33 h found by Kato et al. ( 2012 ) 
and is therefore the orbital period. 
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esulting in ellipsoidal modulation, or cyclotron beaming in a polar),
o care has to be taken in the interpretation of photometric periods. 

.2.3 Eclipses from the Liverpool Telescope 

e measured the eclipse timings of J0624 + 0021 and J1740 + 0258
rom the LT light curves (Figs B1 and B3 ) by fitting a Gaussian to
he eclipse profiles. In each case, two eclipses were co v ered by the
nitial LT observation, and accurate periods were then determined
rom this estimate combined with the second sets of LT data, and the
eriodogram calculated from the ZTF data. 

 RESU LTS  

etails of all 118 CVs observed in SDSS-V are listed in Table A1 .
e identified eight new CVs, obtained the first spectrum for 45

re viously kno wn CVs and CV candidates, and dispro v ed the
ublished CV classification of eleven systems. The co-added spectra
nd light curves for the eight new CVs are shown in Fig. 5 , and the
roperties of these systems are discussed in Section 5.1 . The spectra
nd light curves of 110 previously known CVs and candidate CVs
re shown in Figs 1–13 in the supplementary material and any new
nformation on these systems is discussed in Appendices B and C .
he spectra and light curves of the eleven non-CVs are shown in
igs 6 and 7 , and we discuss the likely nature of these systems in
ection 5.2 . Lastly, an additional 13 published CV candidates were
bserved by SDSS-V, but their spectra were unusable (Table D1 ). 
NRAS 525, 3597–3625 (2023) 
.1 New CVs 

nspection of Fig. 5 shows that amongst the ZTF light curves of the
ight new CVs, there is only one outburst (J0635 + 0303) that is very
ikely a reason why these systems have so far escaped attention. 

.1.1 J0006 + 0121 

he spectrum shows strong H α emission and a steep decrement in the
igher lines of the Balmer series. The double-peaked morphology of
 α is evidence of an accretion disc seen at moderately high orbital

nclination. The continuum rises towards the blue, which, together
ith the broad H γ and H δ absorption lines, is interpreted as being
ominated by the emission of the white dwarf. This assumption is
onsistent with the location of J0006 + 0121 within the white dwarf
ooling sequence. The fact that the white dwarf is visible, combined
ith the absence of outbursts in the CRTS and ZTF light curves,

ndicates a low mass transfer rate. No spectroscopic features of
he donor star are detected in the red part of the spectrum and the
eak infrared peak in the SED plot is suggestive of a brown dwarf

ompanion. We classify this as a WZ Sge. 
A periodogram computed from the radial velocities measured from

he eight individual SDSS spectra displays a number of possible
eriods separated by 1-d aliases. While the SDSS spectroscopy
s not sufficient to unambiguously identify the orbital period, the

ost likely values from THE JOKER periodogram are 1.434(3) h,
.525(4) h, and 1.628(4) h, where the uncertainties have been deter-
ined from sine fits to the data. We were unable to obtain a period

rom either the CRTS or ZTF data. If either of the two longer periods
epresent the true orbital period, this system would likely be a ‘period
ouncer’. 

.1.2 J0624 + 4007 

he spectrum exhibits a steep blue continuum and weak, narrow H α

mission line. The higher Balmer lines display narrow absorption
rofiles (with a hint of an emission core in H β). The ZTF light curve
hows the system at constant brightness. With G abs = 7.35 and G BP 

G RP = 0.39, this CV is located near the bottom of the area of the
R diagram populated by nova-like variables (see fig. 6 of Inight

t al. 2022 ). Combining all observational evidence suggests that
0624 + 4007 is a novalike. The relatively faint absolute magnitude
uggests that it is either a high-inclination system (i.e. nearly edge-on)
r, taking into account the absence of eclipses, one with a relatively
ow mass transfer rate, or both. We were unable to obtain an orbital
eriod from either the radial velocities or the ZTF photometry. 

.1.3 J0633 + 0303 

he spectrum shows strong double-peaked Balmer and He I emission
ines on a red continuum. Ho we ver, the flux calibration of this
pectrum is problematic (see Section 3.1 ), as the system is located in
he Galactic plane ( b = −2.7 ◦) with a maximum reddening of E ( B

V ) � 1.1 along this line of sight (Schlafly & Finkbeiner 2011 ).
o we ver, with a distance of � 242 pc, 
The system is in front of most of the dust (Lallement et al. 2019 ),

nd inspecting the SED plot of J0633 + 0303 reveals that it is
 blue object. With that knowledge in mind, the spectrum reveals
road depressions, suggesting that the white dwarf dominates the
mission, which is consistent with the position near the white dwarf
ooling sequence in the Gaia HR diagram and is indicative of a
o w le vel of accretion. Analysis of the SDSS-V radial velocities
ndicates a period of approximately 1.4 h. Ho we ver, the sampling of
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Figure 5. Left-hand panels: Spectra of the eight new CVs disco v ered by SDSS-V. Right-hand panels: ZTF light curves ( r - and g -band) of the eight new CVs. 
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he available spectroscopy results in several possible aliases near 1.4 h 
o that we are unable to unambiguously identify the correct period. 
he ZTF light curve is relatively sparse and contains no outbursts.
he very deep central absorption in the Balmer lines suggests a high

nclination, and possibly eclipsing nature of J0633 + 0303. Based 
n the spectroscopic appearance, period, and absence of outbursts, it 
s most likely a WZ Sge dwarf nova. 
w  
.1.4 J0635 + 0303 

he spectrum shows strong Balmer and He I emission lines. The
e II line is very weak. The asymmetric morphology of the emission

ines, and their very broad wings suggest that J0635 + 0303 is a
agnetic CV, although the spectrum does not reveal any cyclotron 

umps. J0635 + 0303 is located in the Galactic plane ( b = −2.2 ◦)
ith a maximum reddening of E ( B − V ) � 1.5 resulting in bad
MNRAS 525, 3597–3625 (2023) 
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Figure 6. SDSS-V Spectra (left) and ( r - and g -band) ZTF light curves (right) of systems misclassified in the literature as CVs and CV candidates. 
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Figure 7. Fig. 6 continued. 
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ux calibration of the SDSS spectrum. Ho we ver, with a distance of
 643 pc, the CV will only be reddened by E ( B − V ) � 0.1 and, as

s evident from the broad-band photometry, it is intrinsically blue. 
0635 + 0303 has been detected as an X-ray source in a 1.4 ksec
xposure (Evans et al. 2020 ). The ZTF light curve contains a � m �
.3 outburst at MJD = 58 854, and a dip in its brightness between
JD � 59 200 and 59 800. The ZTF power analysis shows a strong

eak at 1.47 h. There are three epochs of good spectroscopic data and
sing the photometric period as a seed resulted in a period of 1.4717 h.
isual inspection confirms that P orb = 1 . 4717(2) h is the most likely
rbital period. We conclude that J0635 + 0303 is probably a polar. 

.1.5 J0705–1250 

he spectrum shows strong Balmer and He I emission lines and 
road Balmer absorption lines from the white dwarf, but no sign of
he donor. The emission lines are narrow indicating a low inclination. 
he ZTF light curve does not contain any outbursts. Although there 
re Swift X-ray detections, this system is close (246 pc), and so
he detection of X-rays is not necessarily suggestive of it being a

agnetic CV. J0705–1250 is located on the white dwarf cooling 
equence in the HR diagram. Analysis of the radial velocities 
easured from five epochs of reasonably good radial velocity data 

eveals a best-fitting period of 1.4986(1) h. This value is, however, 
ot consistent with ZTF periodograms that reveal potential periods of 
.34 and 2.13 h. Gi ven the some what mixed set of characteristics, we
lassify J0705–1250 as a generic CV, and we encourage follow-up 
tudies of this system to accurately determine the orbital period, and 
tringently rule out a magnetic nature of the white dwarf. 

.1.6 J1434 + 3340 

his object was identified as an optical counterpart to Chandra 
XOXB J143435.3 + 334048 by Brand et al. ( 2006 ) who were

earching for active galatic nucleus. It has double peaked Balmer 
nd He I lines but no evidence of He II at 4686 Å. The white dwarf
bsorption lines are visible, but there is no signature of the donor in
ither the spectrum or the SED. J1434 + 3340 sits on the white dwarf
ooling sequence in the HR diagram. We could not reco v er an y radial
elocity variation. There are no outbursts in the CRTS and ZTF light
urves, and the photometric data do not reveal any periodicity. We 
onclude that this is a WZ Sge and would expect it to have a period
lose to the period minimum. 

.1.7 J1728 + 7751 

he spectrum shows double-peaked Balmer and He I emission lines 
n top of a blue continuum. The white dwarf absorption lines are
isible, but there is no spectroscopic detection of the donor. The ZTF
ight curve shows a single bright outlier which seems insufficient to
ualify as an outburst detection. We could neither reco v er an y radial
elocity variations from the SDSS-V spectra, nor could we derive 
 period from the ZTF data. J1728 + 7751 is located close to the
hite dwarf cooling sequence in the HR diagram, and it is probably
 WZ Sge. 

.1.8 J1811 + 1243 

he spectrum shows strong Balmer, He II and He I emission lines, and
here is no sign of either the white dwarf or the donor. The absence of a
pectroscopic signature of the donor suggests that the system is below 

he period gap. J1811 + 1243 is closer to the white dwarf cooling
equence than the main sequence in the HR diagram, indicating a
elati vely lo w accretion rate. The ZTF light curve contains only 32
bservations; there are no CRTS observations. We hav e sev en radial
 elocity measurements o v er three epochs of varying SNR but cannot
erive a reliable period. We conclude that this is probably a SU UMa.

.2 Misclassified systems 

nalysis of the SDSS-V spectra, ancillary data, and the literature 
emonstrates that 11 systems (Table 3 ) were previously misclassified 
s CVs or CV candidates. Their SDSS-V spectra and ZTF light curves
re shown in Figs 6 and 7 , and we briefly discuss their most likely
ature below. 

.2.1 J0121 + 1437 

his system was detected as a transient by CRTS 

MLS 160708:012156 + 143737). The spectrum shows a broad 
mission line typical of a quasar and is likely to be Ly α at z � 3.5. 
MNRAS 525, 3597–3625 (2023) 
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.2.2 J0430 + 3603 

his object was identified as a transient by MASTER
OT J043017.84 + 360326.9, Shurpakov et al. 2014 ) and subse-
uently categorized as a U Gem dwarf nova by VSX Watson et al.
006 . The SDSS-V spectrum reveals a very red slope with strong TiO
bsorption bands, characteristic of an M-dwarf. The available broad-
and photometry is very red and J0430 + 3603 is located abo v e the
ocation of single low-mass main-sequence stars in the HR diagram.
0430 + 3603 has a Spitzer detection, which was categorized as
 young stellar object (YSO) in Broekho v en-Fiene et al. ( 2014 ),
hich appears consistent with its location in the HR diagram. This
bject was in the footprint of GALEX but was not detected in the
ltraviolet. We conclude that J0430 + 3603 is a single star, and the
ransient detected by MASTER was very likely a flare. 

.2.3 J0610 + 2510 

his object was first identified as a short period variable (NSV 2853)
n 1949, and it is classified in VSX as a U Gem dwarf nova.
aefner, Fiedler & Rau ( 1996 ) obtained CCD photometry for 2 h

nd concluded that it was not a CV. Liu & Hu ( 2000 ) also obtained
hotometry and concluded that it was a late G-type star – which is
onsistent with its position on the HR diagram. The ZTF and TESS
ight curves do not show outbursts, and we concur with Liu & Hu
 2000 ) that it is not a CV. The reason why it was classified as a
ariable star in the first place remains unclear. 

.2.4 J0649–0600 

his object, BEST-II lra2b 01098, was found to be variable by Ka-
ath et al. ( 2009 ), and it is classified in VSX as a δ Cepheid type star
r a CV. The SDSS-V spectrum of J0649 − 0600 resembles a G/K-
pectral type and does not contain any emission lines. Within the Gaia
R diagram, J0649–0600 is located in the sub-giant branch. The ZTF

ight curv e e xhibits 0.4 mag peak-to-peak variability, and an AOV
nalysis of the ZTF data reveals this system to be an eclipsing binary
ith a period of 9.8 d. We conclude that J0649 − 0600 is not a CV. 

.2.5 J0718–2425 

his object was identified as a Gaia alert (Gaia18ajg, Hodgkin
t al. 2021 ) and classified as a U Gem type by VSX. The system
s relatively red ( G BP − G RP � 2), is located slightly above the main
equence in the HR diagram, and exhibits a strong infrared excess,
nd the SDSS spectrum displays very narrow emission lines. All the
bserv ational e vidence suggests that J0718 − 2425 is not a CV, and
hat it may be a YSO. 

.2.6 J0808 + 3141 

his object was identified as a transient by MASTER
OT J080826.00 + 314125.6, Balanutsa et al. 2015 ) and subsequently
ategorized as a CV by VSX. The spectrum shows a broad emission
ine typical of a quasar and is likely to be Ly α at z � 3.2. 

.2.7 J1219 + 4715 

his object was classified as a CV candidate based on earlier
DSS spectroscop y (Szk ody et al. 2006 ) because of its weak H α

mission and blue continuum, characteristics of a CV in outburst or
 nov alike. Ho we ver, G ̈ansicke et al. ( 2020 ) subsequently classified
1219 + 4715 as a single magnetic white dwarf with Zeeman-split
NRAS 525, 3597–3625 (2023) 
almer emission lines, similar to the enigmatic white dwarf GD356
Greenstein & McCarthy 1985 ). 

.2.8 J1324–1423 

his object was identified by a transient in Gaia alerts as Gaia17aoi
nd has been categorized by VSX as a U Gem. Pala et al. ( 2020 )
aised concerns about the astrometry. The spectrum resembles that
f a white dwarf, with no emission lines, which is consistent with its
osition in the HR diagram. The SED shows no evidence of a red
omponent, and we conclude that this is not a CV but a single white
warf, and that the nature of the transient detected by Gaia remains
lusive. 

.2.9 J1624 + 6541 

aia identified this system as a transient, Gaia16aat, which was
ubsequently classified as a CV by VSX. The spectrum shows a
road emission line typical of a quasar, which is likely to be Ly α at
 � 4.2. 

.2.10 J1654 + 3508 

his was identified as a transient by CRTS
MLS 160613:165449 + 350804); no follow-up studies are
eported in the literature. The spectrum shows a broad emission
ine typical of a quasar, which is likely to be Ly α at z � 2.4. We
ote that this quasar has a large positive parallax, albeit with a large
ncertainty. 

.2.11 J1959 + 1624 

his object was identified as a Gaia alert (Gaia17bqf) and classified
s a U Gem dwarf nova by VSX. All other Gaia observations were
on-detections. It is located near the region of the main-sequence
ccupied by M0 types in the Gaia HR diagram. The SDSS-V
pectrum is very noisy and shows no indication of emission lines.
he available broad-band photometry is consistent with a single
ool stellar object without any ultraviolet excess. We conclude that
1654 + 3508 is not a CV, and that the brightening detected by Gaia
as most likely due to a stellar flare. 

 DI SCUSSI ON  

.1 Period bouncers 

he standard evolutionary model of CVs (see Inight et al. 2023 for a
ecent summary) predicts that nuclear burning in the donor star stops
nce mass transfer has eroded its mass to � 0 . 06 M �, at which point
he star’s structure becomes dominated by electron de generac y, and
t becomes a brown dwarf. As a consequence of the now inverted

ass–radius relation, the orbital separations and periods increase
s they continue their evolution. CVs that have passed the period
inimum are colloquially referred to as ‘period bouncers’. QZ Lib

s an excellent example of a period bouncer, having an orbital period
f 92.7 min, but a very cool ( � 1700 K) donor star (Pala et al. 2018 ).
he evolution of CVs near the period minimum has been one of the
reas where theory and observations show the largest discrepancies:

(1) The predicted location of the period minimum fell short of
he observed value by about 10 per cent (Kolb & Baraffe 1999 ).
ssuming some amount of angular momentum loss in addition to
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Table 3. Previously known CVs and CV candidates that have been misclassified in the literature. 

SDSS name Alternative name New category 

SDSS J012156.25 + 143737.2 MLS160708:012156 + 143737 Extra galactic 
SDSS J043017.85 + 360326.6 MASTER OT J043017.84 + 360326.9 YSO 

SDSS J061043.98 + 251031.0 NSV 2853 Star 
SDSS J064939.16 − 060005.0 BEST-II lra2b 01098 Detached binary 
SDSS J071844.74 − 242546.3 Gaia18ajg YSO: 
SDSS J080826.00 + 314125.3 MASTER OT J080826.00 + 314125.6 Extra galactic 
SDSS J121929.32 + 471522.9 SDSS J121929.46 + 471522.8 White dwarf 
SDSS J132444.33 − 142335.7 Gaia17aoi White dwarf 
SDSS J162450.04 + 654101.1 Gaia16aat Quasar 
SDSS J165449.45 + 350803.7 MLS160613:165449 + 350804 Extra galactic 
SDSS J195919.93 + 162440.3 Gaia17bqf Star 
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2 The plate program obtained spectroscopy of three additional candidate 
period bouncers, J0233 + 0050 ( P orb = 96 min), J0845 + 0339 with a period 
of 87 min, and J1434 + 3340 (no P orb ), which are, ho we ver, all too faint to be 
included in the mwm wd carton. 
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ra vitational wa v e radiation remo v es that discrepanc y (P atterson
998 ; Knigge, Baraffe & Patterson 2011 ), and this is the currently
a v oured solution. 

(2) As the evolution of CVs not only slows down towards the 
eriod minimum but also subsequently re verses to wards longer 
eriods, an accumulation of systems near the period minimum, the 
o-called ‘period minimum spike’ has been a firm prediction of all 
V population models. Yet observed CV samples consistently fail 

o exhibit this feature (e.g. King, Schenker & Hameury 2002 ), and
t was only the SDSS CV sample that confirmed the existence of the
eriod minimum spik e (G ̈ansick e et al. 2009 ). The key conclusion
as that the earlier CV samples were too shallow to capture a

ufficiently large number of the faint population of period-minimum 

Vs. 
(3) Evolutionary models predict that a large proportion of CVs are 

eriod bouncers: Kolb ( 1993 ) suggested that 70 per cent of all CVs
re period bouncers, whilst Goliasch & Nelson ( 2015 ) predicted 38–
0 per cent and table 1 of Belloni et al. ( 2018 ) suggests 75 per cent.
espite much observational effort, the roster of known period 
ouncers remains small: Patterson ( 2011 ) discussed 22 candidates 
mong the known CVs; Pala et al. ( 2020 ) estimated a period
ouncer fraction of 7–14 per cent within the 150 pc CV sample;
nd Inight et al. ( 2023 ) concluded that only 0.7 per cent of all the
Vs observed by SDSS I to IV were period bouncers. Hern ́andez
antisteban et al. ( 2018 ) used the SDSS Stripe 82 and Palomar
ransient Factory photometry for an unbiased search of eclipsing 
eriod bouncers and derived an upper limit on their space density 
f � 2 × 10 −5 pc −3 . 

The dedicated spectroscopic follow-up of CV candidates carried 
ut by SDSS-V obtained nearly complete spectroscopy of period- 
ounce candidate systems, which we use below to derive a more 
tringent estimate of the space density of period bouncers. 

We collected a sample of confirmed and high-confidence period 
ouncers (Table 4 ) that have SDSS spectroscopy, either obtained as
art of SDSS I to IV (Inight et al. 2023 ) or SDSS-V (this paper),
nd used their Gaia astrometry and photometry to identify their 
ocation within the HR diagram. We found that period bouncers are 
losely clustered near the cooling sequence of single white dwarfs 
Fig. 8 ), which is unsurprising as their optical spectra are dominated
y the flux from the white dwarf, with only small contributions 
rom the accretion discs and negligible amounts of light from the 
rown dwarf donors. A number of the systems in Table 4 stood out
s outliers from this clustering. Upon closer inspection, we found 
hat these outliers have poor Gaia astrometry , and consequently , 
e remo v ed all systems with � /  ≥ 0.2 from the definition
f the location of period bouncers in the HR diagram. We then
omputed the minimal enclosing ellipse (Welzl 1991 ) that contains 
he known period bouncers, where we accounted for the observed 
ncertainties by displacing each system within its 1 σ errors. We 
hen assume that hitherto undisco v ered period bouncers have similar
bsolute magnitudes and colours to the ones that are known already.
e believe that this is a reasonable assumption as the white dwarf

emperature is set by the accretion rate (Townsley & G ̈ansicke 2009 ),
nd there is so far no known CV with a quiescent white dwarf
emperature � 9500 K (Sion & Godon 2015 ). Theoretical models
redict that the accretion rate should rapidly decrease as systems 
volve back from the period minimum, and hence longer period 
eriod bouncers should have significantly cooler white dwarfs. 
o we ver, no such system is known, which means that, if they
 xist, the y are undetectable by photometric variability (including 
utbursts or eclipses), X-ray emission, or emission lines, as plenty 
f data are available to find at least a handful of these hypothetical
ystems. 

Next, we analysed the number of targets within the mwm wd
arton that fall within this ellipse, and the number of spectroscopic
bservations of these targets carried out by SDSS-V. We made use
f only the mwm wd carton as it provides good co v erage of the
R diagram location occupied by period bouncers, has the cleanest 

election rules, homogeneously co v ers the entire SDSS-V footprint, 
nd has a well-defined ( G ≤ 20 mag) magnitude limit. We found
376 mwm wd targets within the ellipse defined by the known period
ouncers, of which 1132 were observed during the SDSS-V plate 
rogram, i.e. the correction factor to account for the incompleteness 
f the spectroscopic observations is C orr = 1.22. Amongst these 
132 observed targets, eight displayed emission lines, and these were 
lassified using the methodology described in Section 4.1.1 . From 

hese eight, we identified only one candidate period bouncer (based 
n the combination of the signature of the white dwarf being visible
n the spectrum, the donor not being visible in the spectrum, the SED
eing consistent with a brown dwarf donor and the orbital period
ignificantly greater than the period minimum): J0006 + 0121 with 
 period of 91 min ( N obs = 1). 2 

We estimated the space density of period bouncers using the 
echnique described in section 6.4 of Inight et al. ( 2023 ). We first
oncluded from inspection of Fig. 8 that all period bouncers would
ave an absolute magnitude G abs ≤ 12.25, yielding a limiting distance 
f R lim 

= 355 pc. Following Inight et al. ( 2023 ), we assumed a scale
MNRAS 525, 3597–3625 (2023) 
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Table 4. Period bouncers (with candidates shown in italics) from SDSS I to IV and SDSS-V. This sample was used (excluding those with bad astrometry) to 
characterize the location of period bouncers in the HR diagram (Fig. 8 ). Where the donor mass is not known, the ratio of donor mass to white dwarf mass ( q ) is 
provided – reasonable values for the white dwarf mass imply donor masses consistent with being a period bouncer. 

SDSS name Other name Gaia Distance Bad astrometry P orb Donor mass Reference 
G (pc) (h) (M �) 

J0006 + 0121 19.64 352 1 .52 This work 
J0233 + 0050 HP Cet 20.16 683 ∗ 1 .6 This work 
J0845 + 0339 V498 Hya 20.83 1635 ∗ 1 .45 This work 
J1434 + 3340 20.14 363 This work 
J0058-0107 ASASSN-16iw ∗ 1 .56 q = 0.079 Kato et al. ( 2017 ) 
J0804 + 5103 EZ Lyn 17.79 143 1 .43 0.042 Amantaye v a et al. ( 2021 ) 
J0843 + 2751 EG Cnc 18.77 187 1 .44 0.02 Patterson et al. ( 1998 ) 
J0904 + 4402 FV Lyn 19.42 335 1 .67 Inight et al. ( 2023 ) 
J1035 + 0551 18.78 196 1 .37 0.06 Littlefair et al. ( 2006a ) 
J1057 + 2759 19.54 355 1 .51 0.044 McAllister et al. ( 2017 ) 
J1212 + 0136 V379 Vir 17.98 152 1 .47 Farihi, Burleigh & Hoard ( 2008 ) 
J1216 + 0520 20.11 377 1 .65 < 0.04 Southworth et al. ( 2006 ) 
J1255 + 2642 MT Com 19.21 347 1 .99 < 0.05 Patterson, Thorstensen & Kemp ( 2005 ) 
J1433 + 1011 18.55 232 1 .3 0.0571 Sa v oury et al. ( 2011 ) 
J1435 + 2336 18.62 209 1 .3 Pala et al. ( 2022 ) 
J1507 + 5230 OV Boo 18.15 212 1 .11 0.056 Littlefair et al. ( 2007 ) 
J2131 − 0039 QZ Aqr ∗ 1 .67 Inight et al. ( 2023 ) 
J2304 + 0625 KX Psc 20.91 ∗ 1 .62 q = 0.053 Nakata et al. ( 2014 ) 

Figure 8. HR diagram of period bouncers (green dots) and candidates (blue 
dots) with reliable parallaxes ( � < 0.2 ×  ) taken from Inight et al. ( 2023 ) 
and this paper (see Table 4 ). The red contour shows the minimal enclosing 
ellipse (centred on G BP − G RP = 0.193, G abs = 11.921 with semimajor and 
minor axes of 0.574 and 0.1159 and rotated by 96.70 ◦) containing the known 
period bouncers, allowing for 1 σ uncertainties in their Gaia parameters. The 
grey dots are the targets of the mwm wd carton within the footprint of the 236 
SDSS-V plates analysed here. 
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eight of 450 pc as period bouncers are an old population. Next,
e determined the SDSS-V sk y co v erage from the 236 plates on
hich the 1132 mwm wd targets were observed. HEALpixs were

hen used to find the sky coverage of these 236 plates by accounting
or o v erlaps and hence the ef fecti ve volume of the magnitude limited
wm wd sample contained within the ellipse defined by the known
eriod bouncers. 
Taken together, these assumptions yielded a space density ρ0 �

 . 2 × 10 −6 pc −3 for period bouncers. Estimates for the composite
NRAS 525, 3597–3625 (2023) 
pace density of all sub-types of CVs range from ρ0 = 4 . 8 ×
0 −6 pc −3 (Pala et al. 2020 ) to ρ0 = 7 . 8 × 10 −6 pc −3 (Inight et al.
023 ) implying that accreting period bouncers only account for about
 per cent of CVs. 
From the abo v e analysis, we can only conclude that the large

umber of period bouncer predicted by CV models either do not exist,
r that the majority of them look so distinctly different from the small
ample of known period bouncers that they escape spectroscopic
our analysis) and photometric (Hern ́andez Santisteban et al. 2018 )
etections. Our conclusions echo those of Patterson ( 1998 ), ‘It is
robably necessary to have some means of destroying CVs before they
 each the pr edicted very high space densities’. Possible scenarios to
destroy’ CVs include either a merger, maybe as a result of a final
lassical nova eruption (e.g. via consequential angular momentum
oss, Nelemans et al. 2016 ; Schreiber, Zorotovic & Wijnen 2016 ), or
he secondary contracting within its Roche lobe, thereby terminating

ass transfer. The latter option was suggested by Patterson ( 1998 ),
rguing that the final state of CVs may be white dwarfs with detached,
lanet-like companions – and the ultimate test of that hypothesis
ould be a more sensitive survey for apparently single white dwarfs

clipsed by their (at optical wavelengths) invisible ultra-low-mass
ompanions. 

.2 Orbital period distribution 

e have obtained periods for 72 of the 118 CVs in the SDSS-V plate
urv e y. The main reasons why the remaining systems have no period
easurements are due to either a low inclination (which will reduce

he amplitude of any orbital modulation), faintness (i.e. low signal-
o-noise ratio of the time-series photometry or spectroscopy), or
parse sampling of the available time-series data. With the possible
xception of low Ṁ short-period CVs (which do not have much
rbital modulation from the hot spot and are inherently fainter),
hese factors are not likely to correlate with the period. 

The orbital period distribution of the SDSS-V CVs is shown in
ig. 9 , where it is compared to that of the Ritter & Kolb ( 2003 )
ample, which is a very heterogeneous collection of CVs, and the
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Figure 9. Cumulative distribution of the orbital periods of the CVs observed 
by SDSS-V, compared to those of the Ritter & Kolb ( 2003 ) catalogue of 
CVs and of the 150 pc volume-limited surv e y (P ala et al. 2020 ). The period 
minimum (red line) and ‘period gap’ (pink rectangle) are indicated (see 
text for details). We also include the period distribution of Ritter & Kolb 
( 2003 ) with classical novae and novalikes removed, for a range of limiting 
magnitudes, as well as the period distribution of classical novae and novalikes 
alone, demonstrating the selection effect of these intrinsically bright objects. 
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50 pc volume-limited sample of Pala et al. ( 2020 ). The period
ap, which has been a defining feature of the observed period 
istribution of CVs and moti v ated the widely accepted idea of
disrupted magnetic braking’ (Rappaport, Verbunt & Joss 1983 ; 
owell, Nelson & Rappaport 2001 ; Schreiber et al. 2010 ), is at
est marginally detected in the SDSS-V sample, which is in clear 
ontrast with the period distribution of the CVs from the Ritter and
olb (R&K) catalogue. Classical novae (post-eruption) and nova-like 
ariables are inherently bright (fig. 15 of Inight et al. 2023 ) and are
 v errepresented in Ritter & Kolb ( 2003 ). They also typically have
rbital periods abo v e � 3 h. We therefore remo v ed classical no vae
nd novalikes from Ritter & Kolb ( 2003 ), and the resulting period
istribution (see Fig. 9 ) is then closely aligned with that of the SDSS-
 sample. To illustrate the effect of different limiting magnitudes, 
e also include period distributions of the R&K sample cut at m
 14, 16, 18, and 20, which clearly shows that different limiting
agnitudes have the largest effect in the � 3–4 h orbital period

ange. 
In order to assess the statistical significance of the period dis-
ributions of different observed CV populations, we carried out the 
wo-sample Kolmogoro v–Smirno v (KS) test (Hodges 1958 ) pairwise 
etween two volume-limited samples, the 150 pc sample of Pala 
t al. ( 2020 ), the 300 pc ‘Gold’ sample of (Inight et al. 2021 ),
wo magnitude-limited samples, the SDSS-V CVs analysed in this 
aper, and those in the Ritter & Kolb ( 2003 ) catalogue (R&K). We
runcated the period distributions for P orb < 75 min to remo v e the
M CVn systems, as we are interested in comparing the properties of

normal’ CVs with hydrogen-rich donor stars. The KS test e v aluates
he likelihood of the samples being compared sharing the same 
nderlying orbital period distribution. The KS statistic measures the 
aximum difference in the cumulative probability distributions, and 
e used the SCIPY.STATS.KS 2SAMP function to calculate a p-value. 
or instance, a p-value of less than 0.05 implies that the surveys are
rawn from different distributions with 95 per cent confidence. 
The main difference between the 150 and 300 pc samples is that

he former has a substantially higher completeness (77 ± 10 per cent)
han the latter ( � 50 per cent). Ho we ver, the 150 pc sample is

uch smaller (42 systems) than the 300 pc sample (151 systems).
he cumulative distributions of the two samples are visually very 
imilar (right-most panel in Fig. 10 ), and the KS indicates a very
ow probability of the two being drawn from different underlying 
opulations. We hence conclude that despite the lower completeness, 
he 300 pc sample is representative of the intrinsic CV population. 

Comparing the period distribution of the SDSS-V CVs to those of
he 150 and 300 pc samples (third and second panels from the right in
ig. 10 , respecti vely) re veals a shortfall of systems around P � 2 h;
o we ver, the p-v alues determined from the KS tests are suf ficiently
arge that there is no statistical evidence that the period distribution of
he SDSS-V CV sample differs from those of the volume-complete 
nes. 
Ho we ver, the 300 pc CVs and the R&K sample (second panel from

he left in Fig. 10 ) hav e v ery clearly distinct period distributions: the
&K sample shows distinct changes in the slope at � 2 h and � 3 h,
hich Knigge ( 2006 ) interpreted as clear signatures of the lower and
pper edge of the period gap, respectively. In contrast to this, the
00 pc CV sample shows a steep break in the slope of the cumulative
istribution at � 2 h, but much less-pronounced structure at longer
rbital periods – there is a small hint of a break in the slope at � 4 h.
ased on the KS test, the two samples have intrinsically different
eriod distributions at a very high significance ( > 99.9 per cent). 
Similarly, the SDSS-V CVs and the R&K sample (left-most panel 

n Fig. 10 ) dif fer distincti vely, with the number of short-period SDSS-
 CVs increasing well beyond the canonical � 2 h lower edge of

he period gap, and not exhibiting a strong break at � 3 h. Based
n the KS test, the two samples have intrinsically different period
istributions at a very high significance ( � 98 per cent). Whereas we
tress that the SDSS-V sample is neither complete nor subject to
 homogeneous selection of the CV candidates that were targeted 
or spectroscopy, it approximates the inherent period distribution 
evealed by the volume-limited samples better than the R&K sample 
most likely because of the large limiting magnitude of SDSS. 
We conclude that the observ ational e vidence for the period gap

s primarily based on the very heterogeneous R&K sample and is
inked to the large fraction of classical novae and nova-like variables
ithin that sample. If the period gap is indeed an intrinsic feature of

he CV population and a signature of disrupted magnetic braking, its
arly identification (Whyte & Eggleton 1980 ) would be based on a
lucky’ selection effect among the earliest CV discoveries. 

We note in passing that the SDSS-V period distribution, as well
s those of the 300 pc sample, show a slight flattening between
MNRAS 525, 3597–3625 (2023) 
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Figure 10. We used the two-sample KS test (Hodges 1958 ) to compare pair-wise the cumulative orbital period distributions of the CVs observed by SDSS-V 

(Plate surv e y), the CVs in the Ritter & Kolb ( 2003 ) catalogue (R&K), the CVs in the volume-limited 150 pc sample of Pala et al. 2020 (150 pc), and the CVs 
in the volume-limited 300 pc ‘Gold’ sample from Inight et al. 2021 (Gold). The KS tests demonstrate that the underlying period distributions of both the Gold 
sample and the SDSS-V CVs differ from that of R&K at a highly significant level. In contrast, there is no evidence that the period distributions underlying the 
SDSS-V, 150 and 300 pc samples differ. 

Table 5. The CV sub-types of the new and previously known systems. 

CV type Pre viously kno wn New Total 

U Gem 26 0 26 
ER UMa 3 0 3 
SU UMa 36 1 37 
WZ Sge 9 4 13 
Z Cam 1 0 1 
AM CVn 3 0 3 
Classical nova 5 0 5 
Novalike 1 1 2 
Polar – AM Her 14 1 15 
Intermediate polar – DQ Her 2 0 2 
Magnetic CV 1 0 1 
Dwarf nova 7 0 7 
Unclassified 2 1 3 

Total 110 8 118 
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Figure 11. HR diagram showing the 110 previously known CVs in blue and 
the eight new disco v eries in red. The grey dots are an astrometrically clean 
sample of Gaia objects chosen to outline the main sequence and the white 
dwarf cooling sequence. 
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 3 h and � 5 h, which is consistent with the predictions of Schreiber
t al. ( 2021 ) for CVs where the formation of magnetic white dwarfs
ndergoes a detached phase within that period range, resulting in a
ecrease in the number of accreting CVs. Ho we ver, we stress that
 larger volume-limited CV sample is required before this feature
ould be sufficiently secure to provide robust support to the model
f Schreiber et al. ( 2021 ). 
Finally, it is worth noting that the orbital periods of the new

Vs found by SDSS-V, where we were able to obtain unambiguous
easurements, are all below 94 min, which is typical of old, low

ccretion rate systems. This reinforces the findings of G ̈ansicke
t al. ( 2009 ) and suggests that SDSS-V will continue to increase the
roportion of short-period CVs among the known CV population. 

.3 CV sub-types 

he distribution of the new and previously known CVs is given
n T able 5 . T aken in conjunction with their distribution in the HR
iagram (Fig. 11 ), we notice that the new disco v eries include a
ov a-like v ariable in the expected area (see fig. 8 of Inight et al.
021 ). All of the other new disco v eries are close to the white
warf cooling sequence, i.e. the area associated with short-period
NRAS 525, 3597–3625 (2023) 
Vs with low accretion rates, experiencing infrequent outbursts.
his demonstrates the importance of a spectroscopic surv e y that
ompensates for the traditional bias of CV searches based on large-
mplitude photometric variability. In passing, we note that there
re 17 magnetic CVs (14 per cent of the total) in the SDSS-
 CV sample, which is similar to the fraction found in the
DSS I to IV sample (Inight et al. 2023 ), but lower than in the
olume-limited 150 pc sample, probably due to the, on average,
ower accretion rates in polars when compared to non-magnetic
Vs (Webbink & Wickramasinghe 2002 ; Araujo-Betancor et al.
005 ). 
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 SU M M A RY  

DSS-V is, for the first time, carrying out a dedicated surv e y of
hite dwarfs, both single and in binaries. We have analysed the 
DSS-V spectra of CVs and CV candidates observed as part of the
nal plug-plate operations of SDSS, and we disco v ered eight new
Vs. None of the new CVs displays noticeable changes in brightness

n their ZTF light curves, underlining the selection effects in existing 
V samples that are largely based on photometric variability, and 
ence the importance of unbiased spectroscopic surv e ys. We did not
isco v er an y new CVs within 150 pc, which is consistent with the
elatively high completeness of this volume-limited sample (Pala 
t al. 2020 ). 

SDSS-V also observed 110 previously known CVs and CV 

andidates. For 53 of these, the SDSS data represent the first
pectroscopic confirmation of their CV nature. Vice versa, the SDSS- 
 spectroscopy dispro v es the CV nature of 11 systems that were
reviously classified as CVs or CV candidates. 
We measured 21 new orbital periods from the analysis of radial 

elocities and time-series photometry. The period distribution of 
he SDSS-V CV sample does not provide strong evidence for 
 period gap, which contrasts strongly with the orbital period 
istribution of the large, but very heterogeneous (Ritter & Kolb 2003 )
ample. We suggest that future modelling of the CV population 
hould aim to reproduce the period distribution of well-defined 
amples. 

Lastly, but most importantly, we demonstrate that it is unlikely that 
here is a large population of period bounce CVs awaiting discovery, 
hich represents a major challenge to CV evolution theory. Whilst we 

annot totally rule out the possibility of hypothetical period bouncers 
ith a radically different appearance from the handful of known 

ystems, we consider this scenario improbable. The implications 
re, most likely, that CVs that evolve past the period minimum either
et destroyed (e.g. by a merger) or become detached and therefore 
ery difficult to detect. The Legacy Survey of Space and Time survey
ill provide an opportunity to search for a population of cool white
warfs that are eclipsed by planet-mass and size objects with periods 
f ∼80–120 min. 
SDSS-V will continue to surv e y both the northern and southern

emisphere for single and binary white dwarfs, and the growing 
k y co v erage will pro vide increasingly stronger constraints on the
ntrinsic properties of the Galactic CV population. 
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Figure B2. Spectra of H α and H β lines of J0755 + 2646 showing the 
Zeeman splitting lines (Schimeczek & Wunner 2014 ). The lines coincide 
with absorption lines for a magnetic field of B � 7 MG. 
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PPEN D IX  B:  SPECTRAL  C O N F I R M AT I O N  O F  

REVIOUSLY  K N OW N  SYSTEMS  

he spectra and light curves of the following objects are shown in
he supplementary material. We note below any new information; we 
ave not commented on well-studied systems where we have nothing 
ew to add. 

1 J0213 + 5338 

he spectrum shows Balmer emission lines. Together with the 
requent outbursts and superoutbursts in the ZTF light curve, this 
s consistent with the previous classification of SU UMa and a period
f 2.549 h. 

2 J0221 + 7322 

he white dwarf is visible in the spectrum and there is a double
eaked H α line. This combination is confirmation of the WZ Sge 
lassification. 

3 J0241 + 5936 

he spectrum is reddened by 0 . 39 mag due to being in the Galactic
lane. It shows Balmer emission lines. There is an outburst in the ZTF
ight curve, and this, together with its position in the HR diagram,
onfirms that this is a U Gem. 

4 J0431 + 3527 

lthough the spectrum of this object has a relatively low SNR, it
eveals a strong double-peaked H α emission line. There are four 
utbursts apparent in the ZTF light curve including at least one 
uperoutburst – confirming the existing classification of SU UMa. 

5 J0505 + 2225 

he spectrum shows Balmer and He I emission lines. The ZTF
ight curve shows dwarf nova outbursts confirming the previous 
lassification of SU UMa. 

6 J0524–0705 

espite poor flux calibration, the Balmer, He II , and He I emission
ines are visible in the spectrum. The ZTF light curve shows seven
utbursts, two of which appear to be superoutbursts with superhumps 
isible. We classify this as a probable SU UMa. 

7 J0612 + 2528 

his is HQ Gem and is positioned on the edge of the main sequence
n the HR diagram. The spectrum shows Balmer and He I emission
ines. The light curve shows multiple outbursts, confirming that this 
s a U Gem. 

8 J0621 + 4042 

his is positioned on the edge of the main sequence in the HR
iagram. Lines from the donor are visible in the spectrum as well as
almer emission lines, which confirm the classification of U Gem. 
9 J0624 + 0021 

e obtained photometric light curves (Fig. B1 ), which show a
eep eclipse. These curves were combined with ZTF data to 
etermine the correct alias resulting in the ephemeris HJD ( φ = 

) 2 459 578 . 48972(7) + N × 0 . 101240(1). Lines from the donor are
isible in the spectrum, along with Balmer emission lines from the
ccretion disc. The ZTF light curves show outbursts and at least one
uperoutburst, causing us to classify this as an SU UMa in the period
ap. 
MNRAS 525, 3597–3625 (2023) 
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10 J0626–0355 

he spectrum shows Balmer, He II and He I emission lines, which,
ogether with the outbursts in the ZTF light curves, confirm the
lassification as a dwarf nova. 

11 J0629–0335 

he spectrum shows Balmer emission lines albeit with poor calibra-
ion, which confirms the classification in Arjyotha et al. ( 2009 ) of a
 Cam. 

12 J0630 + 0239 

he spectrum shows single-peaked Balmer emission lines as well as
bsorption lines from the donor although the flux calibration is poor.
hese characteristics are consistent with the classification of Kato
t al. ( 2017 ) that this is a low-inclination SU UMa. 

13 J0633 + 0324 

ouble-peaked Balmer emission lines from an accretion disc as well
s absorption lines from the donor are visible in the spectrum. It is
ery close to the main sequence in the HR diagram, and the SED
ndicates a mid-K type donor. The donor characteristics, together
ith the outbursts visible in the ZTF light curves, lead us to the

lassification of U Gem. 

14 J0708–1245 

his is ASASSN-16an. It is close to the galactic plane ( b = −2.1)
nd significantly reddened with E ( B − V ) � 0.7. The spectrum shows
almer and He I emission lines together with absorption lines from

he donor. The ZTF light curve shows multiple outbursts. Taken
ogether, this confirms the U Gem classification. 

15 J0737 + 2055 

he spectrum shows narrow Balmer and He I emission lines, indi-
ating a low inclination system. There is a single five-magnitude
utburst in the ZTF light curve; ho we ver, there are too few data
oints to confirm whether or not this is a superoutburst. It is closer
o the white dwarf cooling sequence than the main sequence in the
R diagram. This is probably an SU UMa. 

16 0751 + 3006 

he spectrum shows strong Balmer and He I emission lines. The
pectrum together with the light-curve outbursts and known period
f 1.3918 h confirm the SU UMa classification. 

17 J0752 + 2943 

he spectrum shows Balmer and He I emission lines and also
mission of He II at 4686 Å. The CRTS light curve shows a ∼3
agnitude variation o v er a 5-yr period with a 1.5 magnitude outburst

n MJD = 55 211 while the ZTF light curve shows a 1.5 mag outburst
n MJD = 58 511. Curiously, the long-term light curve shows a
mooth change not typical of a high-low switch. We checked nearby
bjects in CRTS, and they did not show this type of variation.
here is ellipsoidal modulation in the ZTF light curve at a period of
.1445(7) h implying an orbital period of 2.289(2) h. Together with
he outbursts, this confirms the classification of a dwarf nova. 
NRAS 525, 3597–3625 (2023) 
18 J0753 + 2943 

he spectrum shows strong Balmer and He I emission lines and
0753 + 2943 is located between the main sequence and the white
warf cooling sequence in the HR diagram. There are two outbursts
isible in the ZTF light curve. A periodogram of the ZTF light curve
hows a reliable period of 1.4455(1) h. 

19 J0755 + 2646 

e have 25 radial velocity measurements with moderate SNR over
ve epochs spanning 86 d. We find a period of 1.4883(1) h. The
pectrum shows Zeeman splitting around weak H α, H β, and H γ

ines (see Fig. B2 ). This is therefore a magnetic white dwarf and
ot a U Gem dwarf nova; the field strength of B � 7 MG suggests
n intermediate polar although polars can have magnetic fields as
eak as this (Ferrario et al. 1995 ). There is slight contamination in

he spectrum from a background galaxy. It is currently in a low state
 Gaia EDR3 m G = 18.74), but previously, it has been in a high state
Pan-STARRS m g = 16.6 and Gaia DR2 m G = 16.82). The transient
eported by Morokuma et al. ( 2014 ) is the same magnitude as the
igh states reported by Pan-STARRS and Gaia DR2. The magnitude
eported by Gaia DR2 is based on 160 observations, which would
uggest a prolonged high state rather than transient behaviour. This
ystem might also be a low accretion rate polar with the white dwarf
ccreting material from the donor’s wind rather than Roche-lobe
 v erflow (Breedt et al. 2012 ). We tentatively classify this as a polar. 

20 J0805 + 3540 

he spectrum shows Balmer, He II and He I emission lines. The
pectrum has the appearance of a K-star while an absorption dip
ust o v er 5000 Å is reminiscent of QZ Per (Thorstensen et al. 2002 ).
 periodogram of the ZTF light curve shows ellipsoidal modulation
ith an orbital period of 5.2 h. This is a U Gem and may have an

volved donor. 

21 J0902–0142 

he spectrum shows double peaked Balmer and He I emission lines.
here are hints of TiO absorption lines from the donor − consistent
ith the SED. We have a tentative period from the radial velocities
f 2.04(10) h. The ZTF light curve shows outbursts; taken together
ith the tentative period this is probably an SU UMa. 

22 J0903–0133 

he spectrum shows strong Helium emission and no hydrogen lines.
his confirms that this object is an AM CVn as suggested by Carter
t al. ( 2014 ). 

23 J0926 + 0345 

0926 + 0345 was in outburst during one of the spectra (see Fig. 13 in
he supplementary material). The quiescent spectrum shows strong
almer and He I emission lines. The ZTF light curve shows numerous
utbursts and at least one superoutburst. It is nearer the white dwarf
ooling sequence than the main sequence in the HR diagram. We
herefore classify this as an SU UMa. 
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24 J0932 + 0343 

he spectrum shows strong Balmer and He I emission lines. TiO and
a absorption lines from the donor are visible and also absorption 

ines from the white dwarf, indicating a low accretion rate. The ZTF
ight curve shows frequent outbursts with the hint of a superoutburst.
his is probably an SU UMa. 

25 J1356 + 6130 

he spectrum shows weak double peaked Balmer and He I emission
ines. The white dwarf and the donor are both visible in the spectrum,
ndicating a low accretion rate. The photometry is dominated in the 
ed by the bright donor. The ZTF light curve shows six outbursts
ncluding a superoutburst. This confirms that this is an SU UMa. 

26 J1429 + 0732 

he spectrum shows double peaked Balmer and He I emission lines. 
he donor is v ery visible. The ZTF light curv e shows 10 outbursts
onsistent with the classification of U Gem. 

27 J1608 + 5421 

e have 12 usable radial velocities in three epochs. The tallest peak
n the THE JOKER periodogram is at � 1.4646 h and the amplitude
f the periodogram falls off sharply after the two adjacent aliases. 
he ZTF light curve shows at least 10 outbursts (actually probably 
uperoutbursts) with a quiescent magnitude m � 22.5. Analysis of 
he light curve between 19 and 20 magnitude and 58 376 < MJD <

8 390 shows superhumps with a period of � 1.506 h, which confirms
hat � 1.4646 h is the correct alias. We therefore estimate the period
o be 1.4646(5) h. The frequent superhumps in the light curve suggest
hat this is an ER UMa type system (Robertson, Honeycutt & Turner
995 ; Kato et al. 2013 ) – a sub-type of SU UMa. 

28 J1651–1318 

almer emission lines are visible despite poor SNR and flux 
alibration. The ZTF light curve shows four outbursts while the 
uiescent magnitude is at least 21 and so the Gaia and Pan-STARRS
agnitudes (19.9 and 19.5, respectively) are based on the magnitude 

f the outbursts. The outbursts and emission lines confirm the 
lassification of U Gem. 

29 J1705 + 7244 

he spectrum shows strong Balmer and He I emission lines with 
either the donor nor the white dwarf visible. The ZTF light 
urve shows frequent outbursts and at least two superoutbursts. We 
herefore classify this as an SU UMa. 

30 J1717–0706 

he spectrum shows Balmer and He I emission lines with neither the
onor nor the white dwarf visible. It is next to the main sequence on
he HR diagram and the donor is clearly visible in the SED. It is very
aint – Gaia DR3 reports m G = 20.52. There is no ZTF data although
he CRTS data show two outbursts reaching m � 16.5. The emission
ines and outbursts confirm that this is a U Gem. 
31 J1721–0517 

he spectrum shows strong Balmer, Paschen and He I emission lines
ith a very red continuum from the donor. It is close to the main

equence in the HR diagram. The ZTF light curve shows three
utbursts of � m � 4.5. We therefore confirm that it is a U Gem. 

32 J1739 + 0500 

he spectrum shows Balmer and He I emission lines with neither the
onor nor the white dwarf visible. The system is faint ( m G = 20.48),
nd the spectrum has a poor SNR. The ZTF light curves show three
utbursts, and we conclude that this is a dwarf nova. 

33 J1740 + 0258 

he spectrum shows Balmer and He I emission lines. TiO and
a 8194 Å absorption lines from the donor are visible. The ZTF

ight curve showed two outbursts with unusual state changes and 
1740 + 0258 also appeared to be eclipsing. We therefore obtained
T photometry (see Fig. B3 ), which confirmed that J1740 + 0258
as eclipsing with ephemeris HJD ( φ = 0)2 459 734 . 5074(2) + N ×
 . 172724(2). This is therefore a U Gem. 

34 J1747 + 0328 

he spectrum shows a CV in outburst with a synthetic magnitude
 G = 17.5 consistent with the outbursts in the ZTF light curve. This

onfirms the classification of dwarf nova. 
MNRAS 525, 3597–3625 (2023) 
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35 J1821 + 6159 

he spectrum shows strong Balmer, Paschen, and He I emission
ines with neither the donor nor the white dwarf visible. The ZTF
ight curve shows seven outbursts consistent with the published
lassification of SU UMa and superhump period of 1.44 h. 

36 J1822 + 2708 

he spectrum shows strong double-peaked Balmer, Paschen, He I
nd Ca emission lines. It is midway between the main sequence and
he white dwarf cooling sequence in the HR diagram. The ZTF light
urve shows three outbursts, including a superoutburst. This is an
U UMa. 

37 J1826 + 6138 

he spectrum shows weak double-peaked Balmer emission lines.
he ZTF light curve shows frequent outbursts and also five super-
utbursts, leading to a classification of SU UMa. We find a period of
.0654 h from the ZTF periodogram. 

38 J1830 + 2655 

e have both outburst and quiescent spectra (see Fig. 13 in the sup-
lementary material). The quiescent spectrum shows strong Balmer,
aschen, and He I emission lines with neither the donor nor the white
warf visible. The ZTF light curve shows frequent short outbursts and
t least one superoutburst resulting in our classification of SU UMa.
he light curve is unusual as the quiescent magnitude appears to fall
y o v er a magnitude between MJD = 58800 and MJD = 59000. 

39 J1958 + 1641 

he spectrum shows double-peaked Balmer emission lines. The ZTF
ight curve sho ws se ven outbursts including at least one superout-
urst. A periodogram of the ZTF light curve yields an orbital period
f 1.723023(5) h, which is consistent with the published superhump
eriod of 1.735(16) h. 

40 J2009 + 5505 

he spectrum appears to be either that of a novalike or a dwarf
ov a in outburst. Ho we ver the light curve shows no signs of an
utburst and its position in the Gaia HR diagram is consistent with
 novalike. This object was classified as a subdwarf in Geier et al.
 2017 ) ho we ver the spectrum sho ws H α and H β emission lines
nd that, together with the position on the HR diagram leads us to
lassify it as a novalike. The light curve also shows an unusual long
erm trend of increasing magnitude. 

41 J2054 + 6017 

his is a classical nova that erupted in 2014 (Srivastava et al. 2015 ).
t is now very faint (synthetic magnitude m G = 20.6) leading to the
oor SNR in the spectrum, inconsistent with the Gaia magnitude
 m G = 19.3). 

42 J2134–0120 

his system was identified as a transient by CRTS (CSS
81120:213432 − 012040) and is classified as a U Gem by VSX.
NRAS 525, 3597–3625 (2023) 
rake et al. ( 2014 ) considered it a CV based on its CRTS light curve
nd photometry, ho we ver, Coppejans et al. ( 2016 ) decided against
 dwarf nova classification based on the same CRTS light curve.
he archi v al photometry av ailable sho ws large-amplitude ( � 2 mag)
ariability on time scales of months to years, with no clear periodicity.
hen non-detections are accounted for the ZTF photometry appears

o show the outbursts of a dwarf nova. The system is very blue
nd also varies in the far -ultra violet, with three separate GALEX
etections ( m FUV = 18.6, 20.0, and 23.5). The SDSS-V spectrum
eveals a blue continuum with weak Balmer absorption lines, and no
oticeable emission lines. The spectrum was obtained close to peak
rightness and is consistent with a dwarf nova in outburst. Gaia has
ot obtained a parallax for this object and hence we cannot position
t on the HR diagram. We therefore classify it as a U Gem. 

43 J2221 + 1948 

he spectrum shows strong Balmer, Paschen, Ca (H and K) and He I
mission lines with neither the donor nor the white dwarf visible.
he ZTF light curve does not show outbursts and the CRTS light
urve shows only one outburst from which we make a classification
f dwarf nova. 

PPENDI X  C :  WELL-KNOW N  SYSTEMS  

he following well-studied systems have previously published spec-
ra. We include their spectra and light curves in the supplementary

aterial and note below any new information. 

1 J0142 + 0017 

e obtained 16 high SNR radial velocities over 3 epochs. The
ine fit yielded an estimated period of 1.8777(1) h while THE JOKER

dentified 1.914 h. We therefore estimate the period as 1.88(4) h. This
s consistent with the previous classification of a polar. 

2 J0155 + 0028 

his is FL Cet − a known eclipsing polar. This spectrum is that
f a polar in a low state e xhibiting c yclotron humps and Zeeman
plitting. It contrasts with a previous SDSS spectrum (Szkody et al.
002 ) when it was in a high state. 

3 J0207–0141 

e obtained 18 high SNR radial velocities over 3 epochs. A sine
t yields an estimated period of 1.5515(1) h. THE JOKER identified
.400 h. We therefore estimate the period as 1.55(15) h. The spectrum
hows strong Balmer, He II and He I emission lines consistent with
he previous classification of a polar. 

4 J0233 + 0050 

he spectrum and ZTF light curve confirm the previous classification
f WZ Sge. Ho we ver, the long period (1.6 h) and absence of the
onor in the spectrum and SED indicate that this is probably a period
ouncer. 

5 J0418 + 5107 

ur MDM campaign on this object started with the modular
pectrograph in 2018 No v ember, and continued with the Ohio State
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ulti-Object Spectrometer (OSMOS; Martini et al. 2011 ) in 2018 
ecember and 2019 January. We obtained 40 usable velocities of 
 α emission; the spectrum also showed a contribution from a 

ate-type secondary; and in 33 spectra, we were able to measure 
sable absorption-line velocities by cross-correlating portions of 
he spectrum with a zero-velocity late-type template spectrum. The 
eriods from the emission velocities and absorption velocities agreed 
ithin the uncertainties, with a weighted mean of 6.296(1) h. This

s consistent with the U Gem classification − a long period with 
requent outbursts. There is some reddening due to its proximity to 
he Galactic Plane. 

6 J0426 + 3541 

ur spectrum shows double peaked Balmer and He I emission lines. 
he ZTF light curve shows outbursts and, intriguingly, variations in 

he quiescent level. It is a non-magnetic system with high inclination 
onsistent with the previous SU UMa classification. 

7 J0443 + 4721 

his is an old nova that erupted in 2018 whose decline can be seen
n the ZTF light curve. Comparing the spectrum with the SED shows
hat J0443 + 4721 is still in a high state compared with its historical
uminosity. It has an unusually long period of 3.4118 d (Munari,

oretti & Maitan 2020 ). 

8 J0627 + 1613 

0627 + 1613 was initially identified from a transient by Gaia Alerts
Delgado et al. 2018b ). ZTF light curves show two transients � m

2 each with a duration of � 15 d. Unusually, J0627 + 1613 is
ositioned slightly abo v e the main sequence in the HR diagram. The
ED is essentially a blackbody with a surface temperature � 3000 K.
he spectrum is consistent with this and suggests that this is a
V with a ∼ K0 donor that would explain the position in the HR
iagram. We confirmed that the orbital period, estimated using the 
TF photometry by Chen et al. ( 2020 ), to be 10.428 h, is correct.
his period is also consistent with a CV having a high-mass donor
t an early stage in its evolution. 

9 J0738 + 2855 

he spectrum shows Balmer and He I emission lines together with 
bsorption lines from the donor. The ZTF light curve suggests that 
t is eclipsing; there are also at least seven outbursts. Szkody et al.
 2003 ) found a period of 2.1 h, which is not consistent with the donor
resence in the spectrum – a short period system would have a dim
onor. The ZTF periodogram shows a period of 5.555(1) h. The TESS
eriodogram shows a period of 5.55(2) h. 

10 J0753 + 3758 

he spectrum shows strong Balmer, He II and He I lines. The ZTF
ight curve sho ws v ariability but no outbursts. We have 21 radial
elocities with high SNR over four epochs spanning 84 d from which
e find a period of 1.5363(1) h. This period is consistent with THE

OKER . This is probably a magnetic CV as previously reported. 
11 J0805 + 3540 

here are three spectra; two in a quiescent state and one during
utb urst. The outb urst state (shown in Fig. 5 in the supplementary
aterial) differs from the quiescent spectra by having a very strong
e II emission line. There is the suspicion of TiO absorption lines

rom the M-dwarf in the quiescent spectra. It is located towards the
hite dwarf sequence in the HR diagram. The ZTF light curves

how outbursts and we derive a period of 5.2069(2) h from a ZTF
eriodogram.. This is a U Gem and likely to ha ve an ev olved donor
hich would explain the helium emission and the short period for a

elatively high mass donor. 

12 J0808 + 3550 

e have two spectra, one in quiescence and one in outburst (see
ig. 13 in the supplementary material). The previously published 
pectrum (Wright et al. 2012 ) w as tak en during an outburst. Our
uiescent spectrum has strong double-peaked Balmer and He I 
mission lines. There are frequent outbursts visible in the ZTF light
urves all consistent with the dwarf nova classification. 

13 J0819 + 2133 

he spectrum shows strong Balmer and He I emission lines and also
iO absorption lines from the donor. Ho we ver, the unusually variable
TF light curve shows apparent changes in state over a period of ∼1 y,

ndicating a potentially magnetic system. The synthetic magnitude 
f our spectrum is 21.5 and so our observation was taken during a
ow state. This is probably an intermediate polar. 

14 J0822 + 2313 

his was identified by Szkody et al. ( 2009 ) as a CV based on a
trong, broad H α emission line in fiv e e xposures taken between 2004
o v ember 05 and 2004 No v ember 08. We have 29 exposures taken
etween 2020 No v ember 11 and 2021 March 08, which show an
-dwarf profile but no sign of H α emission. There are no ultraviolet

r X-ray observations shown in Vizier nor evidence of outbursts in
TF (although CRTS shows some transients). In the absence of other
vidence, we can only consider this to be a Candidate CV. 

15 J0836 + 2121 

his is CC Cnc that has a known period of 1.764(12) h and is in the
itter & Kolb catalog (Ritter & Kolb 2003 ). The ZTF light curve
ot only shows short outbursts but also apparent changes of state of
agnitude � m � 1.5. 

16 J0844 + 0239 

his is V495 Hya. We measured a period using radial velocities of
.9708(6) h, which is consistent with, and impro v es upon, the period
f 4.968(17) h reported by Thorstensen et al. ( 2015 ). 

17 J0845 + 0339 

his is V498 Hya. The spectrum shows double peaked Balmer 
mission lines. There are clear absorption lines from the white 
warf but no evidence of the donor. Assuming the Bailer-Jones 
t al. ( 2021 ), distance of 1635 pc is correct then V498 Hya is
ocated abo v e the white dwarf cooling sequence on the HR diagram;
MNRAS 525, 3597–3625 (2023) 
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o we ver, this distance is not consistent with the parallax nor the
arlier Bailer-Jones et al. ( 2018 ) estimate of 302 pc both of which
ould place V498 HYa on the white dwarf cooling sequence.
he period is 1.4256 h from Kato et al. ( 2009 ) based on a seven
agnitude superoutburst in 2008 January. The ZTF light curves do

ot show any outbursts. From the size of the 2008 outburst and the
bsence of subsequent observed outbursts, we conclude that it is
robably a WZ Sge and also a period bouncer. 

18 J0851 + 0308 

his is a well-studied system called CT Hya. In passing, we note that
he ZTF light curve shows an apparent brightening o v er a period of
 1 yr of � m � 0.5. 

19 J0926 + 0105 

n addition to asymmetric Balmer and He I emission lines, the SDSS
pectrum contains He II at 4686 Å. Both the donor and the white dwarf
re visible in the form of broad Balmer absorption lines and an upturn
t the red end of the SDSS spectrum, respectively . Currently , Gaia
DR3 has m G = 19.4; ho we ver, the SED plot shows a sequence of
etections several magnitudes brighter, suggesting that there has been
 state change at some point. The ZTF light curve shows considerable
ariability, and from it, we obtain a period that is consistent with our
pectroscopic period of 1.47234(1) h. This is more accurate than the
eriod of 1.48 h reported by Rodriguez et al. ( 2023 ). 

20 J0932 + 0109 

his is a bright, distant (3145 pc) object that was identified as a
ovalike or potential polar in Szkody et al. ( 2003 ). The spectrum
hows strong Balmer, He II and He I emission lines. The emission
imes are asymmetric, which, together with the He II , are consistent
ith being a polar. The ZTF data show variations of � m ∼ 1 o v er
 6-min interval that we presume is due to cyclotron beaming. We
herefore classify this as a polar. 

21 J1042 + 3718 

he spectrum shows distinct signs of cyclotron humps consistent
ith the previous classification of a polar. We have five high SNR

adial velocities in one epoch. We estimate the period to be 1.82(4) h,
hich is consistent with THE JOKER . 

22 J1123 + 4317 

reedt et al. ( 2014 ) obtained a spectrum and classified this as a dwarf
o va. Our ZTF light curv e shows a single superoutburst with clearly
isible superhumps. We therefore classify this as an SU UMa. 

23 J1219 + 2049 

e have 10 moderate SNR radial velocities in three epochs and
stimate the period to be 1.3018(1) h. The white dwarf absorption
ines are clearly visible in the spectrum implying that this is a low
ccretion rate CV – consistent with a short period. It is located in the
hite dwarf cooling sequence in the HR diagram and taking account
f the period and low accretion rate we classify this as a WZ Sge. 
NRAS 525, 3597–3625 (2023) 
24 J1333 + 1437 

e have 13 RV data points in 3 epochs. We hav e impro v ed upon
he period of 2.2 ± 0.1 h from Schmidt et al. ( 2008 ). Our best fit
s 2.1148(1) h, which is consistent with the earlier observation and
akes advantage of the longer baseline (59 d) of our observations.
t is also consistent with a periodogram from the ZTF light curve.
he spectrum shows strong Balmer, He II and He I emission lines.
he ZTF light curve, though sparse, sho ws e vidence of a low state
f m ∼ 21 and a high state of m ∼ 20. This, together with the He II
mission lines, are confirmation of the previous classification of
 polar. 

25 J1652 + 3339 

he spectrum shows strong double-peaked Balmer and He I emission
ines with both the donor and the white dwarf visible. The ZTF
nd CRTS light curves show frequent outbursts and at least two
uperoutbursts. Analysing the radial velocities using THE JOKER

uggests that the orbital period may be � 1.67 h. This is an
U UMa. 

26 J1740 + 0258 

e obtained a period of 4.143(3) h from LT photometry (Fig. B3 ).
he ZTF light curve also shows a significant state change reminiscent
f the unusual CVs identified by Inight et al. ( 2023 ). 

27 J1740 + 0603 

he spectrum shows strong Balmer, Paschen, He II and He I emission
ines with neither the donor nor the white dwarf visible. The emission
ines are asymmetric and, combined with the He II emission lines,
ause us to classify this a probable polar. 

28 J2006 + 3342 

he ZTF light curve shows two ‘outbursts’ with very long (months)
ecay times. Sahman et al. ( 2015 ) report that this CV is surrounded
y a faint nova shell that may account for this unusual behaviour. 

29 J2126–0120 

he quiescent spectrum shows strong Balmer, Paschen, He II , and
e I emission lines with the donor but not the white dwarf visible.
he emission lines appear to be asymmetric, and there are cyclotron
umps and these, together with the He II emission, imply that this is
agnetic, and we therefore classify this as a polar. 

30 J2219 + 2018 

he spectrum shows strong Balmer, Paschen, He II , and He I emission
ines with the donor but not the white dwarf visible. The ZTF light
urve shows frequent outbursts together with an apparent standstill
etween MJD � 58 970 and MJD � 59 250. We therefore classify
his as a dwarf nova. 
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Table D1. The 12 CVs and CV candidates listed below were observed by 
SDSS-V; ho we ver, the quality of their spectra was too lo w to dra w an y 
conclusions. 

SDSS name Alternative name 

SDSS J021229.78 + 570519.4 UW Per 
SDSS J062632.18 + 161622.9 Gaia17cxa 
SDSS J074121.62 + 313821.0 ASASSN-15dx 
SDSS J074813.35 + 290512.0 V434 Gem 

SDSS J085228.73 + 020102.5 CSS 160419:085229 + 020103 
SDSS J142936.25 + 322629.2 CSS 140607:142936 + 322630 
SDSS J185234.98 − 001842.4 V1724 Aql 
SDSS J200130.23 + 184255.6 
SDSS J200214.34 + 313634.7 ASASSN-17eo 
SDSS J200504.93 + 322122.5 V550 Cyg 
SDSS J201222.34 + 325927.5 
SDSS J201649.48 + 382109.3 V1377 Cyg 
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