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Zusammenfassung

Kataklysmische Veränderliche sind wechselwirkende Doppelsterne, die aus einem Weißen

Zwerg bestehen, der Masse von einem massearmen Begleiter akkretiert. Solche Systeme

entwickeln sich durch Verlust an Drehimpuls von langen zu kurzen Umlaufzeiten. Kurz-

periodische kataklysmische Veränderliche mit einem Braunen Zwerg als Begleiter stellen das

letzte Stadium in der Entwicklung dieser Objektklasse dar. In kurzperiodischen Systemen

kann der Begleiter, aufgrund des kontinuierlichen Massenverlustes, das Wasserstoffbrennen

nicht aufrechterhalten und entartet. Die Entartung des Begleiters kehrt die Entwicklung

der Umlaufzeit in Richtung längerer Perioden um, weshalb solche Systeme auch als Period-

bouncers bezeichnet werden. Populationsstudien zeigen, dass die Mehrheit der kataklys-

mischen Veränderlichen, zwischen 40% und 80%, als Period-bouncers vorhergesagt wer-

den, aber nur 18 dieser Systeme wurden bisher beobachtet und sicher identifiziert. Das

Hauptaugenmerk dieser Arbeit liegt auf der Entdeckung dieser fehlenden Population von

Period-bouncers.

Die Detektion von Period-bouncers im Röntgenbereich ist nützlich zur Identifizierung die-

ses unterrepräsentierten Typs von kataklysmischen Veränderlichen, da die individuelle

Röntgenemission sowohl von Weißen als auch von Braunen Zwergen unterhalb der Empfind-

lichkeit heutiger Instrumente liegt und somit einen Beweis für Akkretion im System liefert.

Um die fehlende Period-bouncer Population zu identifizieren, wurde im Rahmen dieser Dis-

sertation ein dreistufiger Ansatz verfolgt. Zunächst wurde eine detaillierte Röntgenunter-

suchung einer kleinen Stichprobe von magnetischen Period-bouncers durchgeführt, die zum

ersten Nachweis von Period-bouncers mit Hilfe des Extended ROentgen Survey with

an Imaging Telescope Array (eROSITA) an Bord der Spektrum-Röntgen-Gamma-Mission

(SRG) führte, wie in Muñoz-Giraldo et al. (2023) berichtet. Dabei wurden die spezifischen

Röntgeneigenschaften dieser schwer fassbaren Klasse von kataklysmischen Veränderlichen

bestimmt. Zweitens wurde ein Literaturkatalog der bekannten kataklysmischen Veränderli-

chen um den period-bounce, einschließlich der 18 bisher bekannten period-bouncers, zusam-

mengestellt, um eine “Scorecard” zu erstellen, die jedem System eine Wahrscheinlichkeit

zuweist, ein Period-bouncer zu sein, wie von Muñoz-Giraldo et al. (2024) berichtet. Die

Röntgendaten der letzten Himmelsdurchmusterungen mit eROSITA wurden systematisch

analysiert. Hierdurch wurden 12 neue period-bouncers bestätigt, was zu einem Anstieg der

bekannten Population von Period-bouncers um ∼66% führte. Nach der Bestätigung der

neuen Period-bouncers aus dem letzten Schritt macht dieser Untertyp von kataklysmischen

Veränderlichen immer noch nur ∼11% der Gesamtpopulation aus. Im dritten Schritt wurde

ein Katalog neuer period-bounce Kandidaten aus kühlen Weißen Zwergen mit eROSITA-

Detektionen zusammengestellt, die mittels einer reduzierten Version der Scorecard identifi-

ziert wurden. Die Bestätigung dieser period-bounce Kandidaten durch Folgeuntersuchungen

könnte zur Entdeckung der fehlenden Population von Period-bouncers führen.
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Abstract

Cataclysmic variables are interacting binaries composed of a white dwarf that is accreting

mass from a low-mass donor, evolving from longer to shorter orbital periods through angular

momentum loss. Short-period cataclysmic variables with brown dwarf donors represent the

final stage in the evolution of cataclysmic variables. Due to continuous mass loss, the donor in

these short-period systems can not sustain hydrogen burning and becomes degenerate. The

degeneracy of the donor reverses the orbital period evolution back towards longer periods,

where such systems are, therefore, dubbed period-bouncers. According to population studies,

the majority of cataclysmic variables, between 40% and 80%, are predicted to be period-

bouncers, however, only 18 of these systems have been observed and confidently identified so

far. The main focus of this thesis is to uncover the missing population of period-bouncers in

order to provide observational support to the evolutionary theories of cataclysmic variables.

An X-ray detection of period-bouncers is a powerful tool in order to identify this unde-

rrepresented sub-type of cataclysmic variables, as it provides proof of the accretion in the

system as the individual X-ray emission coming from either the white dwarf or the brown

dwarf is below the sensitivity of current instruments. In order to identify the missing po-

pulation of period-bouncer a three-step approach was implemented. First, a detailed X-ray

study of a pilot-sample of magnetic period-bouncers was performed, leading to the first ever

detection of period-bouncers using the extended ROentgen Survey with an Imaging Telesco-

pe Array (eROSITA) onboard the Spektrum-Roentgen-Gamma spacecraft (SRG) reported

by Muñoz-Giraldo et al. (2023). Hereby, specific X-ray characteristics of this elusive class

of cataclysmic variables were established. Second, a literature catalog of known cataclysmic

variables around the period-bounce was compiled, including the 18 previously known period-

bouncers, in order to produce a “scorecard” reported by Muñoz-Giraldo et al. (2024) which

assigns to each system the probability of being a period-bouncer. The X-ray data from the

recent all-sky surveys carried out with eROSITA was systematically analysed to confirm 12

new period-bouncers, leading to a ∼66% increase in the population of period-bouncers. After

the confirmation of new period-bouncers from the last step this sub-type of cataclysmic va-

riables still corresponds to only ∼11% of the overall cataclysmic variable population. In the

third step, a catalog of new period-bounce candidates was compiled from cool white dwarf

candidates with an eROSITA detection that have a high likelihood of being a period-bouncer

according to a “reduced” version of the scorecard. Confirmation from follow-up surveys of

these period-bounce candidates could lead to the identification of the missing population of

period-bouncers.
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1. Introduction

Around a third of the bodies in the Milky Way are found in binary systems, which are known

for being composed of two bodies that are gravitationally bound to and in orbit around each

other. The study of binaries is an important part of astronomical research as it not only

pertains to a considerable number of objects in our neighborhood, but they also represent

an ideal laboratory to study different physical processes. If the binary system is what is

refereed to as a “interacting binary” the most important physical process occurring is mass

accretion.

Accretion can occur through different mechanisms, but it typically involves a mass-gaining

hot component and a mass-losing cold component (Nagae et al. 2004). Wind accretion is

characteristic of systems like high mass X-ray binaries and symbiotic stars, where the mass-

losing components are fast-rotating giants capable of expelling large amounts of mass through

stellar winds (Shakura et al. 2014). A considerable amount of binaries are not able to fulfill

or sustain these conditions, leading to Roche-lobe overflow being more commonly occurring.

Roche-lobe overflow describes the loss of mass from the mass-losing secondary to a mass-

gaining primary through the inner Lagrangian point due to the fact that the secondary is

overfilling its Roche lobe (Fig. 1-1).

Roche Lobe

Lagrangian point

Figure 1-1.: Sketch of Roche-lobe over-

flow in a binary system.

The mass-gaining primary

is represented in blue, whi-

le the mass-losing secon-

dary overfilling its Roche

lobe and the mass transfe-

rred onto the mass-gaining

primary are represented in

light red.

The Roche-lobe is defined as a region of equal gravitational potential, formed around a

component in a binary system, within which orbiting material is gravitationally bound to

it. The critical region of equal gravitational potential, after which the orbiting material is

no longer gravitationally bound to the component, intersects itself at the inner Lagrangian

point of the system, forming a two-lobed structure with the two components at the center
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of the two lobes. The Lagrange points are points of gravitational equilibrium, meaning that

at this position the gravitational forces of the components in the binary and the centrifugal

force balance each other. For all types of binaries, there are five Lagrange points (L1 through

L5 in Fig. 1-2) located in the orbital plane of the two large bodies. L1, also known as the

inner Lagrangian point, is where accretion occurs through.

Figure 1-2.: Sketch of the location of

the five Lagrange points in

a binary system (Banniko-

va and Capaccioli 2022).

The overall shape of the Roche-lobe depends on parameters of the binary, specifically the

mass ratio (ϵ = Mprimary/Msecondary) and the orbital separation of the binary (Eggleton 1983).

A large binary mass ratio means that the Roche lobe of the secondary contracts rapidly as it

loses mass, leading to large mass transfer rates (Temmink et al. 2023). On the other hand, in

binaries with small mass ratios the Roche lobe of the secondary contracts slower as it loses

mass leading to considerably smaller mass transfer rates.

1.1. Cataclysmic Variables

Cataclysmic variables are interacting compact binaries where a white dwarf, or primary,

accretes matter from a late-type donor, or secondary (Warner 1995). This binary interaction

occurs through accretion which can take place as wind accretion or Roche-lobe overflow,

the latter being the most common in cataclysmic variables. Depending on various system

parameters, most importantly the magnetism of the white dwarf, accretion in cataclysmic

variables can form different structures like accretion disks or columns and hot-spots which

will be discussed later in this section (Fig 1-1 shows a cataclysmic variable with an accretion

disk).
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According to Paczynski (1976), cataclysmic variables are the result of a common envelope

phase in the evolution of a wide long-period binary (values range from 1AU to 6AU), where

the envelope of a Roche-lobe filling, more massive primary star (typically a ∼2M⊙ red giant)

expands beyond the outer Lagrangian point (L2 in Fig. 1-2) engulfing the secondary (usually

a low mass main sequence star). The envelope is then ejected from the binary, leaving a post-

common envelope binary composed by the evolved core of the primary (now a white dwarf)

and a low mass companion still on the main-sequence as the secondary. At the end of the

common envelope phase the orbital separation, and therefore the orbital period, of the binary

system has been significantly reduced due to friction in the common envelope which extracts

angular momentum and energy from the system. Once the binary separation is close enough

to allow mass transfer from the secondary onto the white dwarf, the system morphs into a

cataclysmic variable.

1.2. Evolution of Cataclysmic Variables

In terms of evolution, all cataclysmic variables follow a track from longer orbital periods

towards shorter ones driven by angular momentum loss which causes the orbital separation,

and therefore the orbital period, of the system to decrease (Paczynski 1976, Kolb 1993, War-

ner 1995). Figure 1-3 presents the results from the population synthesis study of cataclysmic

variables by Goliasch and Nelson (2015), where the evolution of cataclysmic variables from

longer orbital periods (top right corner) to shorter periods (bottom left corner) can be ob-

served.

Angular momentum loss, the driving force in the evolution of cataclysmic variables, can oc-

cur via two mechanisms: magnetic wind braking and gravitational wave radiation. Magnetic

wind braking arises from the stellar wind associated with the secondary’s magnetic activity

(see e.g Mestel 1968, Verbunt and Zwaan 1981) which ejects material and angular momentum

from the system. Gravitational wave radiation refers to the removal of angular momentum

from the system via the emission of gravitational waves (Paczynski 1976). Presently, the in-

dividual contribution that each angular momentum loss mechanism has during the evolution

of cataclysmic variables is still unclear, and a number of “recipes” describing different con-

tributions have been suggested (Verbunt and Zwaan 1981, Rappaport et al. 1983, Kawaler

1988, Mestel and Spruit 1987, Andronov et al. 2003, Ivanova and Taam 2003, Irwin et al.

2007, Barnes and Kim 2010, Sarkar et al. 2024). The most commonly used recipe is referred

to as the “standard model”, which will be used in the next few paragraphs to illustrate the

evolution of cataclysmic variables.

Overall the evolution of cataclysmic variables can be divided in four stages. The first stage

is known as the long-period regime (Porb > 3h), which comprises systems that contain white

dwarfs with effective temperatures of ∼20000K to ∼60000K (Knigge et al. 2011, Pala et al.

2022) and donors with spectral type from late G to early M (Giovannelli 2008, Knigge et al.

2011), with mass transfer rates typically ranging from ∼10−9 to 10−8 M⊙/yr (Knigge et al.
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Figure 1-3.: Probability density of the

population synthesis study

of cataclysmic variables

by Goliasch and Nelson

(2015) in the orbital pe-

riod versus mass transfer

rate (Ṁ) plane. Upper

panel: Model intrinsic ca-

taclysmic variable popula-

tion. Lower panel: Model

cataclysmic variable popu-

lation scaled by the mass

transfer rate to approxi-

mately take into account

observational selection ef-

fects.

2011, Pala et al. 2022). The dominant angular momentum loss mechanism in the long-period

regime according to the “standard model” is magnetic wind braking (Knigge et al. 2011).

At an orbital period of ∼3 hours the donor becomes fully convective and, according to

the “standard model”, magnetic wind braking abruptly stops leaving gravitational wave

radiation as the only mechanism for angular momentum loss, which causes a reduced mass

transfer rate in the system (King 1988, Ritter 1991, Schreiber et al. 2023). These changes

lead to the donor no longer being bloated from mass loss, shrinking compared to its previous

size. As a result the donor no longer fills its Roche-lobe, and therefore accretion stops in

the system. This marks the beginning of the second stage in the evolution of cataclysmic

variables known as the period-gap (3h ≲ Porb ≲ 2h; grey band in Fig. 1-4). During this stage

the system evolves as a detached binary until an orbital period of ∼2 hours at which point

the donor is once again able to fill its Roche-lobe allowing mass transfer to re-start in the

system.

The re-start of accretion marks the beginning of the third stage in the evolution of a ca-

taclysmic variable, known as the short-period regime (2h ≲ Porb ≲ 80min). This stage is

comprised of systems that contain white dwarfs with effective temperatures of ∼14000K to
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Figure 1-4.: The orbital period dis-

tribution compiled by

Gänsicke et al. (2009) of:

454 cataclysmic variables

from Ritter and Kolb

(2003) which have no

spectroscopic observation

in SDSS DR6 (in white),

and 137 SDSS-detected

cataclysmic variables (in

grey). The orbital period

gap is marked as a grey

band.

∼20000K (Knigge et al. 2011, Pala et al. 2022) and donors with spectral type from early

to late-M (Knigge et al. 2011), with mass transfer rates of ∼10−10 M⊙/yr (Knigge et al.

2011, Pala et al. 2022). According to the “standard model” angular momentum losses in

the short-period regime are taking place exclusively through gravitational wave radiation,

specially considering that the donors in the system are expected to be fully convective and

therefore have no significant magnetic field (Knigge et al. 2011).

At the period minimum, which is predicted to be located at ≃ 65min, the donor is out of

thermal equilibrium due to its mass loss timescale becoming much shorter than its thermal

timescale (King 1988). Because the thermal timescale is defined as the timescale at which

the star adjusts to structural changes, this means that the star is losing mass at a faster rate

than it is able to adjust, causing it to fall out of thermal equilibrium. The donor, not being

able to sustain hydrogen burning, becomes a brown dwarf (Howell et al. 2001). This change

in internal structure, as the donor becomes degenerate and is characterized by a mass-radius

relationship with a negative index, results in the donor no longer shrinking in response

to mass-loss leading to an increase of the system’s orbital separation and consequently to

the cataclysmic variable bouncing back towards longer orbital periods. The systems that

go through this process of “bounce-back” to longer periods are known as period-bouncers

(Patterson 1998). Population synthesis studies based on the “standard model” (like the one

presented in Fig. 1-3) predict that period-bouncers make-up between 40% and 80% of the

cataclysmic variables population.

Removal of angular momentum from a system has different efficiencies depending on the

mechanism through which it takes place (Politano and Weiler 2006, Pala et al. 2022). Mag-

netic wind braking is a more efficient mechanism for angular momentum loss which leads to
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a rapidly contracting Roche lobe resulting in the high mass accretion rates expected by the

“standard model” in long-period cataclysmic variables (see Fig. 1-3). On the other hand,

gravitational wave radiation is a less efficient mechanism for angular momentum loss, leading

to a slowly contracting Roche lobe that keeps the mass accretion rates of systems below the

period gap about one order of magnitude lower compared to those of long-period cataclysmic

variables (see Fig. 1-3).

Apart from the “standard model” additional recipes like the “empirical model for consequen-

tial angular momentum loss” (eCAML; Schreiber et al. 2016) have been gaining popularity

as they tend to address some of the discrepancies between observations and the standard

evolutionary track of cataclysmic variables. The main issues that the “standard model” fa-

ces are: The theoretically predicted period minimum (Pmin ≃ 65min) is considerably shorter

than the observed value (Pmin ≃ 82min; Gänsicke et al. 2009, Muñoz-Giraldo et al. 2024),

the theoretically predicted large population of period-bouncers making up the majority of

cataclysmic variables has not been observed, and the lack of magnetic fields in M dwarfs

necessary to explain the abrupt stop of angular momentum losses through magnetic wind

braking at the beginning of the period gap is at odds with the observed presence of magnetic

fields in M dwarfs (Morin et al. 2008, Morin et al. 2010, Kochukhov 2021).

The evolution of cataclysmic variables is predicted by population models to slow down in the

area approaching the period minimum as well as in the period-bounce area, which should lead

to an accumulation of systems near the period minimum known as the “period minimum

spike” (Paczynski and Sienkiewicz 1983, Howell et al. 2001, Rappaport et al. 1982, Kolb

and Baraffe 1999). Early studies of cataclysmic variables failed at observing the “period

minimum spike” (see in Fig. 1-4 the white population), with evidence supporting its existence

only emerging with the Sloan Digital Sky Survey (SDSS) study of cataclysmic variables by

Gänsicke et al. (2009) (see in Fig. 1-4 the grey population). It was suggested that earlier

cataclysmic variable samples did not include a sufficient number of systems around the period

minimum in order to distinguish it (Inight et al. 2023a), which is supported by the detection

of the “period minimum spike” in more recent and comprehensive short-period cataclysmic

variable samples like the one presented in this thesis (Muñoz-Giraldo et al. 2024).

1.3. Magnetism in Cataclysmic Variables

Cataclysmic variables can be divided into two main classes according to the magnetism of the

white dwarf: non-magnetic and magnetic cataclysmic variables (see Fig. 1-5), with each of

these classes having specific characteristics that are related to different accretion structures.

1.3.1. Non-Magnetic Cataclysmic Variables

The negligible magnetic field of the white dwarf in non-magnetic cataclysmic variables allows

for accretion to occur through an accretion disk. Material leaving the donor has angular
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Figure 1-5.: Diagram depicting the classification of cataclysmic variables according to the

magnetism of the white dwarf (Inight et al. 2023a). The physical parameters

defining the boundaries between different sub-classes are mass accretion rate

of the system (Ṁ) and magnetic field strength of the white dwarf (B).

Figure 1-6.: Sketch of a non-magnetic

cataclysmic variable with a

full accretion disk (Norton

1993).

momentum from the binary motion meaning that accretion cannot take place in a straight

line. Because of angular momentum conservation, as well as the fact that the binary is

revolving around a common center of mass, the accreting matter from the donor goes into

an orbit around the white dwarf forming an accretion disk (Fig. 1-6).

A wide number of observational behaviors, mainly dictated by the mass accretion rate present

in the system, allow for the classification of non-magnetic cataclysmic variables into several

sub-classes like classical novae, nova-like variables, and, the most relevant for this thesis,

dwarf novae (Fig. 1-5).

Dwarf novae are characterized by the presence of an accretion disk around the white dwarf,

and they can be observationally identified due to the quasi-periodic changes in brightness

known as “outbursts” (Meyer and Meyer-Hofmeister 1984) and the significantly brighter

“superoutbursts” (Fig. 1-7). A useful characteristic of “superoutbursts” in dwarf novae is

that they are accompanied by the presence of “superhumps” which originate from donor-

induced tidal dissipation of an eccentric accretion disk in a 3:1 orbital resonance (Whitehurst

1988, Osaki 1989). The period of these “superhumps”, which is expected to be a few percent
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longer than the orbital period (Patterson et al. 2005a), has been established to scale with

the mass ratio of the system (q = Mdonor/MWD), making it an useful tool to estimate the

masses of the individual components in cataclysmic variables (Patterson et al. 2005a, Kato

and Osaki 2013).

Figure 1-7.: Kepler light curve for SU

UMa-type dwarf novae

V344 Lyr, spanning 736

days. The light curve

shows 6 “superoutbursts”

and 58 “outbursts” (Can-

nizzo et al. 2012).

The behaviour of these “outbursts” and “superoutbursts” can be used to distinguish between

different types of dwarf novae (Fig. 1-5). For this work, the focus is on the dwarf novae types

composed by short-period systems closer to the period-bounce: the highly active ER UMa,

the somewhat active SU UMa, and the scarcely active WZ Sge. ER UMa systems, commonly

found just below the period gap, are characterized by having unusually short superoutburst

recurrence times, leading them to spend more than a third of their time in this state (Inight

et al. 2023a). SU UMa systems, which present occasional “superoutbursts”, are typically

found below the period gap with donors that are usually M-type or later (Kato et al. 2009

and further papers in this series). WZ Sge systems are known for having extremely long

outburst recurrence times (in the order of years to decades), very low mass accretion rates

(in the order of 10−11M⊙/yr) and low mass donors (Patterson et al. 2002, Kato 2015). WZ

Sge-type cataclysmic variables usually have the shortest orbital periods of the whole non-
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magnetic cataclysmic variable population with very low mass ratios, and have been suggested

as harboring low mass donors consistent with being brown dwarfs (Kato 2022).

The majority of systems found in the “period minimum spike” have been classified as WZSge-

type cataclysmic variables (Gänsicke et al. 2009), which might indicate that this population

is a good starting point for finding new period-bounce candidates. However, WZ Sge-type

objects have been detected primarily through photometric studies of optical superoutbursts

in their light curves. While this can lead to the determination of the mass ratio of the system

using the “superhump” method, it also means they are not easily observed in quiescence due

to their faintness and, therefore, have remained largely undetected at other wavelengths.

This lack of additional information makes a straightforward classification as a period-bouncer

challenging, considering that a mass ratio consistent with the period-bounce area (q ≤ 0.078;

Kato 2022) should be supported by a spectroscopic detection of the very low-mass donor, or

at least by multi-wavelength properties similar to what is expected of period-bouncers.

In non-magnetic cataclysmic variables, the area where the mass from the accretion disk settles

onto the white dwarf is known as the boundary layer. The boundary layer, irregardless of the

accretion rate presented by the cataclysmic variable, has an optically thin portion located

near the top and bottom of the disk (dotted area in Fig. 1-8) which radiates a bremsstrahlung

component observed as medium to hard (kT∼ 2-100 keV) X-rays (Patterson and Raymond

1985), and an optically thick portion located near the white dwarf (shaded area in Fig. 1-8)

which radiates a blackbody component observed as soft (0.1-2 keV) X-rays (Patterson and

Raymond 1985).

Figure 1-8.: Sketch of the boundary

layer between the accre-

tion disk and white dwarf

in non-magnetic cataclys-

mic variables (Patterson

and Raymond 1985). Dot-

ted area of the boundary

later is optically thin whi-

le the shaded area of the

boundary layer is optically

thick.

1.3.2. Magnetic Cataclysmic Variables

Magnetic cataclysmic variables have a white dwarf that harbors a magnetic field, making

up a population that has been estimated to be around one-third of cataclysmic variables

(Wickramasinghe and Ferrario 2000, Pretorius et al. 2013, Pala et al. 2020). Depending on
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the field strength they can be further divided into two sub-classes: if the white dwarf is

weakly magnetized (characterized by magnetic field strengths |B| ≲ 10MG) the magnetic

cataclysmic variable is known as an intermediate polar, while magnetic cataclysmic variables

with strongly magnetized white dwarfs (characterized by magnetic field strength |B| ≳
10MG) are known as polars (Fig. 1-5).

Figure 1-9.: Sketch of magnetic ca-

taclysmic variables (Nor-

ton 1993). Top panel: A

polar characterized by the

lack of an accretion disk

around the white dwarf.

Bottom panel: An inter-

mediate polar exhibiting

an accretion disk interrup-

ted by the weak magnetic

field of the white dwarf.

In magnetic cataclysmic variables the accretion stream coming from the donor is directly

affected by the field strength of the white dwarf. Intermediate polars, with their weakly mag-

netized white dwarfs, have an Alfvén radius, defined as the point after which the magnetic

field of the white dwarf exerts negligible influence (Belenkaya et al. 2015), that is smaller

than the circularization radius but greater than the white dwarf radius, leading to the for-

mation of an accretion disk which is being disrupted at its inner region (Ulla et al. 1999;

see Fig. 1-9). Material is captured in the inner region of the accretion disk and directly

transported through the magnetic field lines to the surface of the white dwarf, specifically

the magnetic poles, creating what is known as a hot-spot. Intermediate polars are found

amongst long-period systems which have just recently started their evolution as cataclysmic

variables meaning that the system did not have enough time to synchronize. This, together

with the weak magnetic field of the white dwarf, result in intermediate polars where the

rotating white dwarf is asynchronous with the binary orbital period (Pspin ≪ Porb).

On the other hand, polars, with their strongly magnetized white dwarfs, have an Alfvén

radius that is greater than the circularization radius, preventing the formation of an accretion

disk all-together (see Fig. 1-9). Material coming from the donor gets immediately captured

and transported through the magnetic field lines straight to the magnetic poles of the white

dwarf leading to the formation of a hot-spot (Ulla et al. 1999). Polars are found amongst

short-period systems which are towards the end of their evolution as cataclysmic variables

meaning that the system has had enough time to synchronize itself. This, together with the
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strong magnetic field of the white dwarf, result in polars where the rotating white dwarf is

synchronous with the binary orbital period (Pspin = Porb; Cropper 1990). A small group of

polars, known as asynchronus polars, present white dwarfs with spin periods that are slightly

(∼2%) shorter than the binary orbital periods. It is believed that the synchronicity of this

type of polars was perturbed by a nova eruption, and they are evolving back to synchronized

periods on times scales of 100 to 13000 years (Myers et al. 2017, Littlefield et al. 2023). Polars

are known to switch between high and low mass-accretion rate states spending roughly half

their time in low states, as seen in the case of the prototype AM Her (Hessman et al. 2000),

making their identification and characterization challenging (Pretorius et al. 2013). Even

though the cause of high/low state transitions is not certain, the most likely explanation at

the moment is star spots of the donor drifting in front of the inner Lagrangian point which

cause a significant decrease in the mass transfer rate of the system (Livio and Pringle 1994,

Kafka and Honeycutt 2005).

In both polars and intermediate polars, the accretion flow close to the white dwarf is chan-

neled along the magnetic field lines, as shown in Fig. 1-10, reaching supersonic velocities

that produce a shock front above the white dwarf surface (Aizu 1973). The emitted radia-

tion spectrum arising from this shock front has three components: hard X-rays, cyclotron

emission, and soft/medium X-rays (Mukai 2017). The hard X-rays are emitted from the post

shock flow in the column (see Fig. 1-10), which is optically thin to hard X-rays, by thermal

Bremsstrahlung, also producing cyclotron radiation that can be observed in the optical and

near-infrared band. Roughly half of the hard X-rays will escape into space (Rothschild et al.

1981), with the other half being emitted towards the white dwarf surface where they are

absorbed and then thermalized and re-emitted (see Fig. 1-10) as an approximate blackbody

spectrum in the ultraviolet or soft X-rays (Lamb and Masters 1979), also presenting emis-

sion features in medium X-rays (∼6.5 keV) that are possibly due to fluorescence caused by

reflection from the white dwarf (Rothschild et al. 1981).

Figure 1-10.: Sketch of the accre-

tion flow in magnetic

cataclysmic variables

(Potter 1998) showing

the origin of the different

types of X-ray emissions.



2. Period-Bounce Cataclysmic Variables

Period-bouncers represent the last stage in the evolution of cataclysmic variables, and are

characterized by having a very cool white dwarf (Teff ∼ 10000K) and a very evolved donor

(L to T type). As stated in Sect. 1.2, mass accretion rates of cataclysmic variables decrease

with age, meaning that period-bouncers have extremely low mass accretion rates and are

very faint systems. Because of the low mass accretion rates, period-bouncers are expected

to be largely non-variable, only experiencing outbursts on timescales of decades or longer

(Patterson 2011).

The actual contribution from period-bouncers to the total cataclysmic variable population

is highly disputed. One of the key predictions in theoretical models of cataclysmic variable

evolution is that period-bouncers are expected to make-up the majority of the cataclysmic

variable population, with estimates ranging between 40% and 80%, depending heavily on the

formation and evolution model used as well as the adopted initial parameters (see e.g., Kolb

1993, Goliasch and Nelson 2015, Schreiber et al. 2016, Belloni et al. 2020). However, from a

volume-limited sample study of cataclysmic variables by Pala et al. (2020) within 150pc, the

observed fraction of period-bouncers is only between 7% and 14%. To date there are only 18

cataclysmic variables with a detected late-type donor which have been securely classified as

period-bouncers (see Table 2-1). This under-representation may be due to selection biases

against period-bouncers, as their defining characteristics of being old and faint cataclysmic

variables with low luminosity and mass transfer rates make their identification challenging

(Patterson 2011).

2.1. Observational Characteristics of Period-Bounce

Cataclysmic Variables

In order to increase the observed population of period-bouncers it is important to first con-

sider their characteristics in each spectral band. To illustrate these characteristics, examples

of confirmed period-bouncers from the X-ray to the infrared band are discussed here.

Fig. 2-1 presents the X-ray spectrum of the confirmed period-bouncer SDSS J103533.02+055158.4

taken using XMM-Newton. The very low-mass donors (L and T dwarfs) and cool white dwarfs

of period-bouncers have extremely weak or even no coronal X-ray emission, which is below

the sensitivity of present-day instruments (Audard et al. 2007; De Luca et al. 2020). The

X-ray emission of period-bouncers, therefore, comes from the accretion structures present in
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Table 2-1.: Confirmed period-bouncers with detected late-type donors. In-

cluded is the confirmation of a brown dwarf (BD) or late-type

donor in the system through spectroscopy (S) or photometry

(P) with the corresponding reference.

Period-bouncer Donor SpT Reference

V379 Vir L8 (S) Farihi et al. (2008)

SDSS J15141+0744 L3 or later (P) Breedt et al. (2012)

PM J12507+1549 M8 or later (P) Breedt et al. (2012)

SDSS J10575+2759 L5 or later (P) McAllister et al. (2017)

SDSS J14331+1011 L1 (S) Santisteban et al. (2016)

WZ Sge L2 (S) Harrison (2015)

SDSS J10353+0551 L0 or later (P) Southworth et al. (2006)

SMSS J16063-1000 L2 to L6 (P) Kawka et al. (2021)

QZ Lib T (S) Pala et al. (2018)

GD 552 L0 (S) Unda-Sanzana et al. (2008)

MT Com Very late (P) Patterson et al. (2005b)

V455 And L2 or later (P) Araujo-Betancor et al. (2005)

V406 Vir L3 (S) Pala et al. (2019)

BW Scl T (S) Neustroev and Mäntynen (2023)

EZ Lyn L2 (P) Zharikov et al. (2013)

CRTS J12222-3115 L0 or later (P) Neustroev et al. (2017)

V1108 Her L1 (S) Ishioka et al. (2007)

SRGe J04113+6853 T (S) Galiullin et al. (2024)

the system, either an accretion disk or a hot-spot on the surface of the white dwarf, which

unequivocally distinguishes period-bouncers from single white dwarfs and detached binaries.

Therefore, an X-ray detection of a period-bounce candidate is a key diagnostic of ongoing

mass accretion in the system.

The X-ray spectra of period-bouncers (see Sect. 3.3) can be used to obtain the X-ray flux

and used to derive the X-ray luminosity if the distance to the system is known. Both of

these parameters have been used in this thesis to differentiate period-bouncers from pre-

bounce short-period cataclysmic variables (see Sect. 4.2.3), which makes the X-ray flux

and luminosity of cataclysmic variables a powerful tool in the identification of new period-

bouncers (Muñoz-Giraldo et al. 2024).

Fig. 2-2 shows the ultraviolet spectrum of the confirmed period-bouncer QZ Lib taken

using the Hubble Space Telescope. At these wavelengths, in low mass transfer systems, the

white dwarf is visible during the quiescent state, which is expected to be the main state of

period-bouncers as they rarely experience outbursts or superoutbursts. In period-bouncers

the ultraviolet emission comes exclusively from the cool white dwarf which can be identified
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Figure 2-1.: XMM-Newton spec-

trum of the confirmed

period-bouncer SDSS

J103533.02+055158.4 and

fitted two-temperature

thermal plasma model

(Schwope et al. 2021).

EPIC-pn, MOS1, and

MOS2 are plotted in

black, red, and green,

respectively.

by the presence of broad Lyα absorption (centered at 1216Å) from its photosphere (Pala

et al. 2022).

Performing a fit to the ultraviolet spectra of period-bouncers gives information on the whi-

te dwarf in the system, specifically its effective temperature, log(g) and mass. Contrary to

the mass of the white dwarf in cataclysmic variables, which has been observed as staying

relatively constant at ∼0.8M⊙ throughout its evolution (Pala et al. 2022), the white dwarf

temperature is expected to change with the age of the binary, as the mass accretion ra-

te decreases, and therefore can be used to identify short-period cataclysmic variables and

period-bouncers (Patterson 2011).

Fig. 2-3 presents the optical spectrum of the confirmed period-bouncer SDSS J103533.02+055158.4

taken using SDSS. Similar to the ultraviolet band, at these wavelengths the emission of

period-bouncers is dominated by the white dwarf considering that they are low mass trans-

fer systems and are very likely in a quiescent state. The cool white dwarf in period-bouncers

can be identified by the presence of broad Balmer absorption lines (Hδ, Hγ, Hβ and Hα).

From the optical spectrum of period-bouncers we can obtain several system parameters like

the effective temperature and the orbital period of the system. The effective temperature of

the white dwarf can be obtained by fitting white dwarf templates to the optical spectrum

of a period-bouncer with a known distance (Littlefair et al. 2008). The orbital period of the

system can be determined if there are time-resolved optical spectra, as trailed spectra of

emission lines (variation in time of the wavelength associated with the peak of the emission

line) track orbital motion around the center of mass of the system due to the line being red

or blue shifted depending on the orbital phase (Marsh and Horne 1988). Balmer emission

lines, specifically the Hα emission line, are the most commonly used for this purpose (Breedt

et al. 2012, Pala et al. 2018).
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Figure 2-2.: Hubble Space Telescope

spectrum of the con-

firmed period-bouncer

QZ Lib in black and

best-fitting synthe-

tic atmosphere model

(Teff=11419K, log(g)=8.3

and Z=0.01 Z⊙) in red

(Pala et al. 2022).

Figure 2-3.: SDSS spectrum

of the confirmed

period-bouncer SDSS

J103533.02+055158.4

(Southworth et al. 2006).

Additionally, the presence and absence of certain features in the optical spectra can also

help constrain parameters from the system. The presence of Zeeman splitting of the Balmer

absorption lines indicates that the white dwarf in the system is magnetic. This is not the

case for SDSS J103533.02+055158.4 shown in Fig. 2-3, a non-magnetic period-bouncer (see

Sect. 4.1.1 for examples of optical spectra of magnetic period-bouncers). The absence of

metal absorption bands in the optical spectrum (typically λ ≥7900Å) indicates the presence

of a donor with a later than M spectral type in the system. This is because the optical spectra

of M dwarfs are mainly dominated by diatomic metal oxides, like titanium oxide (TiO) and

vanadium oxide (VO), with the strength of TiO bands specifically decreasing from early to

late M dwarfs (Rajpurohit et al. 2018). SDSS J103533.02+055158.4, shown in Fig. 2-3, does

not present these bands, which is expected for a confirmed period-bouncer that has a donor

with a L0 or later spectral type.

Fig. 2-4 shows the spectra of the confirmed period-bouncers QZ Lib and SDSS J143317.78+101122.8

including the near-infrared band. This band, from ∼10000Å, is where the very late-type do-
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nors of period-bouncers have a detectable contribution. As this example demonstrates, a

spectrum of a period-bouncer which includes the infrared band can help characterize the

late-type donor in the system. This can be done via two methods: direct detection through

the identification of absorption lines arising from the donor, or fitting the spectrum using

templates from late-type stars (Pala et al. 2018).

Figure 2-4.: X-shooter spectra of confirmed period-bouncers. Left panel: QZ Lib spectrum

with best-fit model. Due to the presence of broad telluric absorption bands

(marked with Earth’s symbol) the direct detection of the late-type donor was

not possible (Pala et al. 2018).Right panel: SDSS J143317.78+101122.8 spec-

trum with best-fit model. Sub-panel b shows the trailed, phase-binned spectra

around the K I doublet (12432Å/12522Å) which constitutes a direct detection

of the late-type donor (Santisteban et al. 2016).

Even though the direct detection method through the identification of absorption lines arising

from the donor provides the most secure confirmation of a late-type donor in the system as

well as allowing to determine the spectral type and mass of the donor, it is extremely hard

to perform successfully. This is mainly due to the faintness that is characteristic of period-

bouncers which often leads to a signal to noise ratio that is insufficient for the identification

of typical absorption lines that can be associated with a late-type donor. Additionally, as

can be seen in Fig. 2-4, at this wavelength range telluric absorption features arising in the

Earth’s atmosphere further complicate the identification of the absorption lines. In the case

of QZ Lib, the direct detection of the late-type donor in the system was not possible, but this

method has led to the identification of late-type donors in other period-bouncers like SDSS

J143317.78+101122.8 (Fig. 2-4; Santisteban et al. 2016), WZ Sge (Harrison 2015), and V406

Vir (Pala et al. 2019). The most prominent absorption lines used for the direct identification

of the donor are Na I 11381Å/11403Å, K I 11690Å/11769Å, and K I 12432Å/12522Å (Fig. 2-

4).

On the other hand, an overall fit of the spectrum using templates, which allows to constrain

the spectral type of the donor, is an easier method than the method relying on the direct

detection of the donor, as it does not require a high signal to noise ratio in order to be
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successful. As can be seen Fig. 2-4, the best-fit model for both confirmed period-bouncers

suggests the presence of a late-type donor in the system, T-type for QZ Lib (Pala et al. 2018)

and L1-type for SDSS J143317.78+101122.8 (Santisteban et al. 2016).

2.2. Searching for Period-Bounce Cataclysmic Variables

From the spectral characteristic of period-bouncers it is known that this sub-type of cataclys-

mic variables are strongly dominated by the cool white dwarf in the ultraviolet and optical

bands, meaning that in these bands period-bouncers are most likely classified as single white

dwarfs. The present day vast catalogs of white dwarfs compiled using optical surveys like

SDSS or Gaia might include a considerable number of hidden period-bouncers.

In order to find the missing population of period-bouncers, which is the main goal of this

work, it is necessary to distinguish between them and single white dwarfs. This can be achie-

ved through two different paths, the detection of X-ray emission coming from the system,

which is proof that accretion is taking place and, therefore, that the system is most likely

an interacting binary, and the identification of an excess of emission over the white dwarf

contribution in the infrared spectrum of the system, where such emission could be produced

by a late-type donor.

Given the unprecedented advantages provided by all-sky X-ray surveys like eROSITA, which

will be covered in the following chapters, an X-ray search for the missing population of period-

bouncers seems like a promising path to follow and, therefore, constitutes the central theme

for this work.



3. X-ray Satellites, Detections, and

Analysis

This thesis is based around the search for the missing population of period-bounce cataclys-

mic variables using X-ray data. In this chapter I review the main instruments used for the

X-ray detection of cataclysmic variables, and how they have historically fared in the detection

of period-bouncers.

3.1. Historical Context

Cataclysmic variables have been historically detected due to their large changes in magnitude

(see Warner 1995), but it was not until 1973, with the detection in soft X-rays of SS Cygni

(Rappaport et al. 1974), that cataclysmic variables were first studied using X-rays. This

detection opened the door for more comprehensive studies of cataclysmic variables using

X-rays leading to the detection of a few cataclysmic variables with satellites like HEAO-1

(High Energy Astronomy Observatories; Cordova et al. 1981a), EXOSAT (European Space

Agency’s X-ray Observatory; Osborne 1987), and Einstein (Cordova et al. 1981b). Campaigns

to detect a broader population of cataclysmic variables have been previously carried out using

X-ray instruments ROSAT All Sky Survey and Chandra, with the detection of a few dozen

cataclysmic variables with known or suspected binary periods (Verbunt et al. 1997, Schwope

et al. 2002, Muno et al. 2006).

Most of the confirmed identifications of period-bounce cataclysmic variables (see e.g. Pat-

terson et al. 2005b, McAllister et al. 2017, Neustroev et al. 2017, Pala et al. 2018, Schwope

et al. 2021, Amantayeva et al. 2021, Kawka et al. 2021, Neustroev and Mäntynen 2023) have

occurred through detailed observations of specific systems using different instruments in the

X-ray, optical and/or infrared bands. As a result, the sample of period-bouncers with com-

plete and reliable system parameters is quite small, and may not be representative of period-

bouncers as a class. With the launch of the extended ROentgen Survey with an Imaging

Telescope Array (eROSITA; Predehl et al. 2021) onboard the Spektrum-Roentgen-Gamma

mission (SRG; Sunyaev et al. 2021) new studies of the X-ray activity of period-bouncers are

being conducted. Even though the high sensitivity of XMM-Newton is required to produce a

detailed study of accreting period-bounce systems, the enormous statistical samples of faint

X-ray sources that are being observed by eROSITA (see Sect 3.2.2) is expected to boost
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the number of new detections and new identifications among period-bounce candidates, as

demonstrated in this thesis.

3.2. Satellites and Missions

X-ray radiation, in general, can be emitted by astronomical objects which are made of hot

gas at temperatures of ∼106 to 108K. However, objects in binaries also represent a non-

negligible part of X-ray emission, which is coming not only from hot gas but from the

different interaction processes and structures arising in the system. Considering that the

Earth’s atmosphere absorbs incoming X-rays, space-based telescopes are required to find

and study astrophysical X-ray sources. The data used in this thesis were obtained with

XMM-Newton and eROSITA.

3.2.1. XMM-Newton

XMM-Newton was launched on December 10th 1999 by the European Space Agency (ESA)

as part of the Horizon 2000 Science Programme. On board XMM-Newton there are three

co-aligned Wolter Type I grazing incidence gold-coated imaging X-ray telescopes and one

Optical Monitor (OM; Mason et al. 2001), allowing it to perform simultaneous X-ray and

optical/ultraviolet observations. Each X-ray telescope supplements one of the European Pho-

ton Imaging Cameras (EPIC; Strüder et al. 2001, Turner et al. 2001), comprising one PN

camera, and two Metal Oxide Semi-conductor (MOS1, MOS2) CCD arrays, as well as a

Reflection Grating Spectrometer (RGS; Den Herder et al. 2001). The EPIC cameras cover

a 0.15-15 keV energy range with moderate spectral resolution (E/dE ∼ 20-50) while the

RGS spectrometer covers a 0.35-2.5 keV energy range with a much higher spectral resolu-

tion (E/dE ∼ 200-800). See Fig 3-1 for a diagram of XMM-Newton with the individual

instruments.

Figure 3-1.: View of the XMM-

Newton spacecraft

subsystems. Exter-

nal structure was

removed for clarity.

MPS: Mirror Support

Platform, SVM: Ser-

vice Module, FPA:

Focal Plane Assembly

(Credit: ESA).

The three EPIC cameras (EPIC/pn, EPIC/MOS1 and EPIC/MOS2) together with two RGS
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spectrometers are located in the focal plane of the X-ray telescopes (FPA in Fig. 3-1), while

the OM is mounted on the mirror support platform alongside the X-ray mirror modules

(MSP in Fig. 3-1). As long as the brightness of the target does not exceed the brightness

constraints for the instrument configuration, all six XMM-Newton instruments can work on

their own or simultaneously, allowing imaging observations over a field of view of 30’ covered

by all the instruments.

All EPIC CCDs operate in photon counting mode with a fixed and mode dependent frame

readout frequency, producing event lists. The event lists record single line entries for every

recorded incoming photon listing position, arrival time and energy as parameters. Additio-

nally, the two types of EPIC cameras differ in some major aspects: the quantum efficiency

(EPIC/pn has a larger quantum efficiency than the EPIC/MOS cameras because its chips

are back-illuminated), and the readout times (in the EPIC/pn camera each pixel column has

its own readout node leading to a faster readout than the one by the EPIC/MOS camera).

The EPIC cameras can operate in three different modes: full frame mode (which covers the

whole field of view, meaning all pixels are read out), partial window mode (where only certain

areas of the CCDs are readout), and timing mode (which keeps the spatial information only

in one dimension, offering very high time resolution for all EPIC cameras). Additionally,

three optical blocking filters are considered for observations because the EPIC cameras are

not only sensitive to X-ray photons, but also to infrared, visible and ultraviolet light. Thick

filter, which should be used if the expected visible brightness of the target would degrade

the energy scale and resolution of the observation, up to mV = -2 - 1. Medium filter, that is

useful for preventing optical contamination from point sources as bright as mV = 6 - 9. Thin

filter, which should be used for very faint point sources with magnitude fainter than mV =

10 - 13.

The RGS unit is made up of two Reflection Grating Assemblies (RGAs) and two RGS Focal

Cameras (RFCs), located on the same X-ray telescope where the EPIC/MOS camera is

mounted. When an X-ray signal is captured by this instrument, each RGA intercepts about

58% of the total light focused by the mirror module. The RFC consists of linear arrays of nine

large back-illuminated MOS CCDs (similar to the ones used in the EPIC/MOS cameras)

located in the dispersion direction of the RGAs, where the CCDs are registering, for each

incoming photon, the position and the energy. RGS can operate in two modes: spectroscopy

mode (standard science mode of operation in which all CCDs are operating over the full

energy range), and small window mode (where only the central 32 of the 128 CCDs rows are

actively working and it is recommended only for very bright sources).

In addition to X-ray observations, XMM-Newton also allows for simultaneous optical and

ultraviolet observations using the 30cm OM co-aligned with the X-ray mirror modules. The

OM provides advantages such as the absence of atmospheric extinction, diffraction and

background, as well as having a detector with high sensitivity, which makes the instrument

very useful when detecting faint sources. However, the OM instrument can only be used

when there is no bright optical source in the field of view because of how sensitive it is and
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how easily it could be damaged by bright optical sources.

Figure 3-2.: Light path in

XMM-Newton’s

optical/ultraviolet

telescope (Credit:

ESA).

In the OM, incoming light follows a path as shown in Fig. 3-2, where it is initially reflected

by a primary mirror onto a secondary mirror from which the light is reflected onto a rotatable

45◦ flat mirror located behind the primary. At this point, the beam is directed onto one of two

detector arrays. The OM detector in use by XMM-Newton is a compact image-intensified

photon-counting instrument consisting of a micro-channel plate intensified CCD. A filter

wheel with several optical elements (lenticular filters and two grisms) can be placed into

the light path, where the set of filters covers part of the ultraviolet and optical range (see

Fig. 3-3). The OM can operate using two modes, an “Image mode” that accumulates images

with no timing information of the incoming photons, and a “Fast mode”, which provides an

event list that gives the detected counts over time allowing for the extraction of a light curve

of the target.

Figure 3-3.: Throughput curves

for the OM filters, fol-

ded with the detector

sensitivity (Credit:

ESA).
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3.2.2. SRG-eROSITA

The SRG satellite was launched on July 13th 2019 as part of a high energy astrophysics

mission developed by Russia and Germany. On board SRG there are two instruments, eRO-

SITA built by the Max Planck Institut für Extraterrestrische Physik (MPE) in Germany and

the Astronomical Roentgen Telescope X-ray Concentrator (ART-XC) developed by Russia.

This mission was designed as an all-sky survey of the X-ray sky. As part of the german con-

sortium the data used in this thesis was acquired exclusively through the use of eROSITA,

specificially using the sky area with German data rights which corresponds to the western

half of the sky in terms of Galactic coordinates (Galactic longitude l ≥ 180◦).

From the launch until the SRG satellite was placed in a halo orbit around the L2 point,

eROSITA carried out its Calibration and Performance Verification (CalPV) program for

approximately two months resulting in its first X-ray catalog, the eROSITA Final Equatorial

Depth Survey (eFEDS; Brunner et al. 2022). Since December 2019, eROSITA has been

performing all-sky surveys (eRASS), in which the whole celestial sphere is mapped once

every six months. The first eROSITA all-sky survey (eRASS1) was completed on June 11th

2020, while the last (eRASS5) was interrupted on February 26th 2022 providing only partial

all-sky coverage. The eRASS1 catalog, officially released to the public on January 31st 2024

as part of the first eROSITA data release, contains data from 930000 sources in the soft

band, an increase in the number of known X-ray sources in the published literature by more

than 60% (Merloni et al. 2024).

eROSITA was designed as a sensitive wide-field X-ray instrument covering the entire sky in a

0.2-10 keV energy range, consisting of seven identical co-aligned Wolter-1 telescope modules

(TMs) arranged in a hexagonal shape each with 54 nested mirror shells used to focus X-rays

onto a CCD detector (Fig. 3-4; Predehl et al. 2021). The spectral resolution achieved by

eROSITA (∼ 49 ) After the mission is completed, eROSITA is expected to be about 25 times

more sensitive than the ROSAT all-sky survey in the soft band (0.2-2.3 keV) (Predehl et al.

2021).

Figure 3-4.: Schematic view of the

eROSITA telescope

(Predehl et al. 2021).
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When compared to the on-axis effective areas of the combined XMM-Newton cameras (PN,

MOS1, and MOS2), the combined eROSITA telescope modules (TM 1-7) have almost the

same effective areas between ∼0.5 and 2.0 keV (see blue and red lines respectively in Fig. 3-

5), with XMM-Newton having better effective areas outside of this range. Additionally, the

larger field of view of eROSITA ensures that the grasp, defined as the product of effective area

and observing area, is significantly greater than XMM-Newton below ∼3.5 keV. However, at

higher energies the grasp of XMM-Newton is greater (Turner et al. 2022).

Figure 3-5.: Comparison of the on-

axis effective areas as

a function of energy

for different X-ray

telescopes (Predehl

et al. 2021). Two

curves are shown for

Chandra as it has

undergone significant

degrading from its

original launching

(1999) until recent

years (2020).

The driving goal of eROSITA is the detection of large samples of galaxy clusters and active

galactic nuclei, up to red-shifts z>1, which allows for the study of large-scale structures in

the Universe as well as characterization of cosmological models including Dark Energy. The

data produced by eROSITA additionally allows the investigation in a wide range of fields

including research on compact objects, active stars and diffuse emission within the Galaxy.

3.3. Analysis of X-ray data

Two data products derived from an X-ray observation are the light curve and the spectrum

of the source. From these two, several system parameters can be obtained including orbital

period of the system, flux, temperature, abundance, luminosity, and mass accretion rate.

However, in order to analyse the data products, specifically the spectrum, it is necessary to

generate response matrices using the instrument specific Redistribution Matrix File (RMF),

and Auxiliary Response File (ARF). The RMF is a matrix that describes the response of the

instrument as a function of energy and PI channel, while the ARF matrix takes calibration

information and performs the necessary corrections for instrumental factors like effective area

of the telescopes together with the vignetting or the diffraction efficiency of the gratings, the

transmissions of the filters, and the quantum efficiency of the detectors, amongst others.
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  Figure 3-6.: XMM-Newton light curves of cataclysmic variables. Left panel: Confirmed

period-bouncer WZ Sge, a non-magnetic cataclysmic variable, with a light

curved binned using 10s (upper panel) and 240s (bottom panel) (Nucita et al.

2014). Right panel: V496 UMa, a polar with two-pole accretion geometry

(Ok and Schwope 2022).

The light curve of a source shows its intensity evolving with time, meaning that it keeps

track of the incoming number of photons over a period of time also known as the count

rate. Because of this, a light curve allows the detection of periodic changes in a system like

orbital modulation in binaries. Orbital modulation tracks a specific emission region which is

affected by the orbital motion of the binary, and can therefore give information on the orbital

period of the system (see examples in Fig. 3-6). Depending on the types of binaries this

tracking of the orbital period can be easier or more difficult. Specifically for period-bounce

cataclysmic variables, as mentioned in Sect. 2.1, X-rays are emitted exclusively from the

accretion structures in the system, meaning that an X-ray light curve is tracking the orbital

modulation of the accretion disk and/or the hot-spot on the surface of the white dwarf.

In the case of non-magnetic cataclysmic variables and intermediate polars the detection

of an accurate orbital period from an X-ray light curve can be slightly challenging as the

X-ray emission could be associated with different parts of the accretion disk which have a

different periodicity than the system or with the spin period of the white dwarf which is

not synchronized with the orbital period for either of these cataclysmic variable sub-types

(see Sect.1.3.2). In Fig. 3-6 the X-ray light curve of WZ Sge, a non-magnetic confirmed

period-bouncer, shows two periodicities (suggested as being associated with the spin period

or pulsations from the white dwarf) in addition to an orbital modulation corresponding to the

orbital period of the system (Nucita et al. 2014). On the other hand, polars are characterized

by having a synchronized orbital-spin period as well as by not presenting an accretion disk,

meaning that orbital modulation in an X-ray light curve easily tracks the orbital period of

the system thanks to X-ray emission coming from one of the white dwarf’s magnetic poles
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(see Sect. 4.1.2 for an example of one-pole accretion geometry), or from both poles in which

case the orbital modulation of the X-ray light curve corresponds to half of the orbital period

(as seen by the double-humped orbital modulation of V496 UMa in Fig. 3-6).

The spectrum of a source represents the number of photons, or more commonly the flux, over

an energy range. X-ray instruments cannot measure astrophysical fluxes directly, but rather

deliver a count rate after detection in a certain energy band. Only with the assumption

of a spectral model can the flux be obtained from the count rate using what is known as

energy conversion factors (ECFs in units of erg cm−2 s−1/ cts s−1), meaning that the X-

ray flux reported by an instrument represent a measured count rate multiplied by an ECF

that depends on the spectral model and the instrumental response. For systems with an

established distance (d), the X-ray luminosity (Lx) can be obtained from the X-ray flux (Fx)

as

Lx = 4πd2Fx. (3-1)

The X-ray luminosity can be in turn used to obtain an instantaneous mass accretion rate

(Ṁinst) for systems with an established primary mass (Mprimary) and radius (Rprimary) as

η

(
GMprimaryṀinst

Rprimary

)
= Lx (3-2)

Ṁinst =
1

η

(
Lx Rprimary

GMprimary

)
, (3-3)

which assumes that the gravitational potential energy associated with accretion is being

radiated away as X-rays. Assuming the standard case by Shakura and Sunyaev (1973), in

non-magnetic cataclysmic variables half of the energy is radiated away by the boundary layer

while the other half is stored by the accretion disk (η=1/2). On the other hand, magnetic

cataclysmic variables lack an accretion disk meaning that all the energy is radiated away

(η=1).

In the case of cataclysmic variables, the instantaneous mass accretion rate represents the

accretion onto the white dwarf required to produce the observed X-ray luminosity, and

therefore represents the immediate mass accretion taking place in the system. On the other

hand, the term secular mean accretion rate is commonly used to describe the evolution of

cataclysmic variables (see Knigge et al. 2011, Goliasch and Nelson 2015, Pala et al. 2022)

and refers to the accretion rate derived from the long-term thermal evolution of the white

dwarf (103-105 yr). According to Pala et al. (2022), the secular mean accretion rate (Ṁsec)

can be derived using the effective temperature (Teff), mass (MWD) and radius (RWD) of the

white dwarf as

LWD = 4πR2
WDσT

4
eff (3-4)

6× 10−3L⊙

(
Ṁsec

10−10M⊙yr−1

)(
MWD

0.9M⊙

)0.4

= 4πR2
WDσT

4
eff (3-5)
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with the Stefan-Boltzmann constant σ. The luminosity of the white dwarf used for this

calculation refers to the average quiescent surface luminosity during the classical nova cycle

(Townsley and Gänsicke 2009). In this thesis the discussion is limited to the instantaneous

mass accretion rate derived from X-ray data.

Cataclysmic variables present thermal spectra, with both magnetic and non-magnetic sys-

tems exhibiting multi-temperature plasma emission (Mukai 2003). Because of this, for the

spectral analysis of cataclysmic variables, a model based on the X-ray emission of optically

thin astrophysical plasma in collisional equilibrium, known as APEC1, is commonly used to

produce a spectral fit. The APEC model considers four parameters: the plasma temperature

(kT ), the global abundance (Z), the emission measure (EM), and the redshift. The EM

refers to the number density of free electrons and hydrogen integrated over the volume of the

emitting plasma (EM =
∫
nenHdV ) which can be obtained from the normalization factor

(N) of the spectral fit as

EM ∼ 4πd2N. (3-6)

In the course of this thesis, spectral fitting of nearby cataclysmic variables will performed,

meaning that the redshift for these systems is negligible and will not be discussed further.

3.4. Population Outlook

Historically the X-ray detection of period-bouncers has proven difficult due to their intrinsic

faintness which has been just at the limit of detection for many of the X-ray instruments

and missions. This is clearly evident from the X-ray detections of confirmed period-bouncers

that I compiled as a starting point and presented here to set the context for the results of

this thesis (see Table 3-1). The systems with X-ray detections in different instruments and

missions are marked, with not all of them being reported in the literature (see references

column). The last row reports the percentage of confirmed period-bouncers detected by the

given instrument. Before the advent of eROSITA, 10 out of the 18 confirmed period-bouncers

did not have any X-ray data available, with this still being the case for 4 confirmed period-

bouncers that are located in the sky area with Russian data rights.

ROSAT, a satellite covering the entire sky, has the smallest on-axis effective area of the X-

ray instruments mentioned in this thesis (see Fig. 3-5), and is only able to detect the brigh-

test confirmed period-bouncers. The resulting detection fraction for the confirmed period-

bouncers obtained for ROSAT is lower than the one obtained for XMM-Newton, even though

ROSAT had performed an all-sky survey.

1https://heasarc.gsfc.nasa.gov/docs/xanadu/xspec/manual/node134.html
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Table 3-1.: X-ray detections of confirmed period-bouncers (from Table 2-

1).

Period-bouncer XMM-Newton ROSAT eROSITA References

V379 Vir x x 1, 2

SDSS J15141+0744 x 2

PM J12507+1549 x 2

SDSS J10575+2759 x 3

SDSS J14331+1011

WZ Sge x x 4, 5

SDSS J10353+0551 x x 6, 3

SMSS J16063-1000

QZ Lib x 3

GD 552 x x

MT Com

V455 And x

V406 Vir x 3

BW Scl x x 7, 3

EZ Lyn

CRTS J12222-3115 x 3

V1108 Her x

SRGe J04113+6853 † 8

Detection fraction 33% 22% 50%

References. (1) Stelzer et al. (2017), (2) Muñoz-Giraldo et al. (2023), (3)

Muñoz-Giraldo et al. (2024), (4) Nucita et al. (2014), (5) Patterson et al.

(1998), (6) Schwope et al. (2021), (7) Abbott et al. (1997), (8) Galiullin et al.

(2024)

† eROSITA detection in the Russian sky.

The two X-ray missions that perform the best when detecting confirmed period-bouncers

are XMM-Newton and eROSITA, as it is expected from the two X-ray instruments with the

largest on-axis effective areas (see Fig. 3-5). The detection fraction with eROSITA could only

be calculated from the available data corresponding to the “German sky” (with the exception

of SRGe J04113+6853 whose Russian eROSITA detection is known from the literature;

Galiullin et al. 2024). All confirmed period-bouncers in the “German sky” are detected by

eROSITA, making it very likely that the majority, if not all, of the confirmed period-bouncers

in the Russian sky will also be detected, meaning that the percentage presented here has the

potential of doubling. Because of this, the eROSITA detection fraction (last row of Table 3-1)

should be taken as a lower limit.

XMM-Newton, as a pointed telescope, would require a great investment of time to study a
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large population specially of faint objects, therefore it is better utilized to perform detailed

analysis of specific period-bouncers. On the other hand, eROSITA is designed to conduct

population studies over the entire sky and, because it has proven to be capable of detecting

faint objects, it is conducive for population studies of period-bouncers. This illustrates the

high potential of using eROSITA for the search for period-bouncers, which was a main goal

pursued in this thesis



4. Results and discussion

In this chapter I summarize and expand on the results presented in the published articles

found in Appendix A, as well as recent unpublished results. The prevalent theme through

my work was the characterization of period-bouncers and candidates, specially in X-rays, in

order to identify new members of this seemingly underrepresented sub-class of cataclysmic

variables.

To achieve this goal a three step approach was taken. First, a detailed study of a pilot-

sample of magnetic period-bounce candidates using X-rays was performed in order to confirm

them as actual period-bouncers (Muñoz-Giraldo et al. 2023). Second, a literature catalog

of cataclysmic variables around the period-bounce was compiled, including known period-

bouncers (see Table 2-1), and a “scorecard” was produced which was used to assign to

each system a probability of being a period-bouncer. Additionally, a systematic analysis of

X-ray data from the recent all-sky surveys carried out with eROSITA was used to confirm

systems from this catalog as new period-bouncers (Muñoz-Giraldo et al. 2024). And third, a

preliminary catalog of new period-bounce candidates detected by eROSITA was constructed

that, after confirmation from follow-up surveys, could lead to the identification of the missing

population of period-bouncers.

4.1. Study of a Pilot Sample of Period-Bounce

Cataclysmic Variables in X-rays

A pilot sample of three magnetic period-bounce candidates was selected by Breedt et al.

(2012) to produce a detailed study of the X-ray characteristics of this elusive sub-class of

cataclysmic variables. The X-ray study of this pilot sample started in Stelzer et al. (2017)

with the determination of important parameters like X-ray flux, X-ray luminosity, and instant

mass accretion rates for the only member at that time with an X-ray detection. In Muñoz-

Giraldo et al. (2023) typical values for these X-ray parameters were extended for the entire

pilot sample, as well as determining the appropriate treatment of period-bouncer data from

XMM-Newton and eROSITA catalogs.
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4.1.1. Characterization of the Pilot Sample

The pilot sample of period-bounce candidates that was selected to search for X-ray emission

is drawn from Breedt et al. (2012): V379Vir (also known as SDSS J121209.31+013627.7),

detected as an X-ray source by Burleigh et al. (2006), and the two siblings of V379Vir,

SDSS J125044.42+154957.4 and SDSS J151415.65+074446.4 (henceforth SDSS 1250 and

SDSS 1514), that had no X-ray emission reported in the literature.

These systems are composed of a magnetic white dwarf and a presumably very low-mass

donor, where the white dwarf in these three systems had been previously identified as mag-

netic from SDSS spectra, specifically from the Zeeman splitting of the Balmer absorption

lines (see Fig 4-1; Schmidt et al. 2005, Vanlandingham et al. 2005, Külebi et al. 2009). The

pilot sample was chosen to be composed entirely by magnetic systems, more specifically

polars (see Sect. 1.3.2), because cataclysmic variables with a magnetic white dwarf typically

show a higher ratio between X-ray flux and optical flux and, thus, higher X-ray luminosity

as they do not present a disk through which gravitational energy released via accretion is

dissipated (Agüeros et al. 2009). Considering how faint period-bouncers are expected to be,

looking for polars, which are supposed to have a higher X-ray luminosity than non-magnetic

period-bouncers, increases the chances that the system will be detected using X-rays.

Figure 4-1.: Left panel: SDSS spec-

tra of the three mem-

bers of the pilot sample.

Right panel: Correspon-

ding SDSS subspectra cen-

tred on Hα and are offset

for clarity (Breedt et al.

2012).

This pilot sample of period-bounce candidates present in their SDSS spectra variable Hα

emission and no observable features from the companion star. Variable Hα emission from

time-resolved spectra, as seen in Fig. 4-1, allows a calculation of the orbital period of the

system which is a key parameter in the identification of period-bouncers (see Sect. 2.1).

An optical orbital period of 88.4min, 86.3min and 88.7min was established for V379Vir,

SDSS 1250 and SDSS 1514, respectively (Burleigh et al. 2006, Breedt et al. 2012). As stated

in Sect. 2.1, in optical spectra M dwarfs are mainly dominated by diatomic metal oxides, like

titanium oxide (TiO) and vanadium oxide (VO), with the strength of TiO bands specifically

decreasing from early to late M dwarfs (Rajpurohit et al. 2018). The absence of these features
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indicates the presence of a donor with a later spectral type (L or T) in the system which is

expected from period-bouncers.

These systems also share an established 10000-11000K effective temperature for the white

dwarf (Burleigh et al. 2006, Breedt et al. 2012), and their light curves compiled for this

thesis using data from the Catalina Real-time Transient Survey (CRTS) and the Zwicky

Transient Facility (ZTF) show no large-scale variability, eclipses or high states (Fig. 4-2).

Three short-period cataclysmic variables that do exhibit these behaviours are also presented

in Fig. 4-2 as a reference, in order to show how invariable the three members of the pilot

sample are in comparison.

Figure 4-2.: CRTS (in red) and ZTF (in green) light curves. Top panels: all three mem-

bers of the pilot sample. Bottom left panel: IL Leo, a short-period cataclys-

mic variable presenting large scale variability. Bottom middle panel: SDSS

J143317.78+101122.8, a confirmed eclipsing period-bouncer. Bottom right

panel: RZ LMi, a short-period cataclysmic variable presenting recurrent high

states.

V379Vir is the only member of the pilot sample with a near-infrared spectrum where the

donor’s photospheric features of spectral type L8 were identified together with the contribu-

tion of cyclotron emission from the magnetic accreting white dwarf (Farihi et al. 2008). In

absence of spectroscopic evidence, infrared photometry with a clear excess over a white dwarf

template (see Fig. 4-3) can be used to estimate the donor’s spectral type for the remaining

systems: L3 or later for SDSS 1514 estimated by Breedt et al. (2012) from the near-infrared

excess in the spectral energy distribution (SED), and M8 for SDSS 1250 estimated by Steele
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Figure 4-3.: SED of members of the

pilot sample. Plotted are:

the measured photometry

from GALEX, SDSS and

UKIDSS as red dots with

their corresponding error

bars, the SDSS spectrum

as a grey line and a

10000K non-magnetic

hydrogen-rich white dwarf

model as a solid black line

(Breedt et al. 2012).

Table 4-1.: Relevant properties of our pilot sample of magnetic period-bouncers.

Name d Porb SpTdonor BWD References

[pc] [min] [MG]

V379Vir 153+2
−3 88.4 L5-L8 7 Farihi et al. (2008)

SDSS 1514 182+8
−6 88.7 L3- 36 Breedt et al. (2012), Külebi et al. (2009)

SDSS 1250 131+2
−2 86.3 M8- 20 Breedt et al. (2012), Külebi et al. (2009)

et al. (2011) from comparing the absolute JH band magnitude of the system to the observed

absolute JH band magnitudes of M, L and T dwarfs. At this spectral type the secondary

of SDSS 1250 would be slightly above the substellar limit on the donor sequence of Knigge

(2006). However, the photometry used to estimate the donor spectral type was considered

uncertain by Steele et al. (2011) because the J-band data was flagged as noise in the UKIDSS

archive, making a spectroscopic confirmation mandatory for this system.

Some relevant system properties are summarized in Table 4-1. The systems are identified by

their shortened SDSS name or variable star designation, with information on their distance

obtained from Bailer-Jones et al. (2021), the orbital period derived by different authors

using the Hα emission line, the estimated spectral type of the donor as described above, the

estimated white dwarf magnetic field strength, and their corresponding references.

In order to gain more information about the white dwarf in these systems, an estimate for the

individual white dwarf radii and masses was performed (Muñoz-Giraldo et al. (2023)). For

this purpose, hydrogen-rich (DA) white dwarf atmosphere models by Koester (2010) were
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fitted to the SDSS spectra1 of the period-bounce candidates in the pilot sample considering

values for Teff and log(g) previously reported in the literature (Fig. 4-4). Because these

systems contain magnetic white dwarfs and the models do not consider magnetic fields, the

Balmer lines cannot be used, such that the fits rely solely on the continuum.

The fit has a single parameter, the ratio between the observed flux from the SDSS spectrum

and the model surface flux, because the other model parameters (Teff and log(g)) were drawn

from the literature. This flux ratio represents the dilution factor, (d/RWD)
2 where d is the

distance and RWD the white dwarf radius. Therefore, given the distance, the white dwarf

radius can be found. From the radius and an appropriate mass-radius relation the white

dwarf mass can be obtained.

Figure 4-4.: SDSS spectra of the th-

ree members of the pi-

lot sample (in black) with

the corresponding Koester

(2010) model discussed in

this thesis (in red).

For SDSS 1514 and SDSS 1250 a Teff = 10000K DA white dwarf with log(g) = 8.0 was assu-

med (see bottom two panels of Fig. 4-4), corresponding to the parameters derived by Breedt

et al. (2012) using the same SDSS spectra. With the Bailer-Jones et al. (2021) distances

from Table 4-1 a white dwarf radius of 7.0 × 108 cm for SDSS 1514 and of 7.2 × 108 cm for

SDSS 1250 was obtained, which, using the mass-radius relation by Nauenberg (1972), results

in white dwarf masses of 0.80M⊙ and 0.77M⊙, respectively.

For V379Vir a Teff = 11000K DA white dwarf with log(g)=8.0 was assumed (see top panel

of Fig. 4-4) following the white dwarf temperature obtained by Burleigh et al. (2006) for the

same SDSS spectrum and assuming the log(g) of the other systems in our pilot sample. With

the Bailer-Jones et al. (2021) distance from Table 4-1 a white dwarf radius of 8.3× 108 cm

was obtained, and from this value a white dwarf mass of 0.64M⊙ was derived using the

mass-radius relation by Nauenberg (1972).

1https://dr9.sdss.org/
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Figure 4-5.: EPIC/pn X-ray light curve in four energy bands and OM light curve. The X-ray

light curves represent the background-subtracted source signal (black), and the

background signal (red) is included for comparison. Left panel: Light curves

for V379Vir (Stelzer et al. 2017). Right panel: Light curves for SDSS 1514

(Muñoz-Giraldo et al. 2023).

4.1.2. XMM-Newton detections

XMM-Newton with its EPIC/pn detector was used to study the pilot sample of period-

bounce candidates as it offers the largest collecting area of the existing X-ray instruments.

Only two members of the pilot sample, V379Vir (Obs-ID 0760440101; PI Stelzer) and

SDSS 1514 (Obs-ID 0840380201; PI Stelzer), have XMM-Newton data available. The re-

maining member, SDSS 1250 (Prop-ID 092123; PI Muñoz-Giraldo), is part of an accepted

XMM-Newton proposal with its observation still pending.

As seen in Fig. 4-5, Stelzer et al. (2017) detected X-ray orbital modulation (see Sect. 3.3) on

V379Vir from the XMM-Newton observation, proving that the system is accreting, and thus

confirming it as a period-bounce polar. Through modelling of the X-ray spectrum (Fig. 4-6),

Stelzer et al. (2017) derived an X-ray luminosity of ∼ 3×1029 erg/s that, using a white dwarf

mass of 0.64M⊙ and a radius of 8.3× 108cm (see Sect. 4.1.1), yielded when using Eq. 3-2 an

updated instantaneous mass accretion rate in the system of 9.1×10−14M⊙/yr. The estimated

value for the wind driven mass accretion rate in this system (∼10−17M⊙/yr; Wood et al. 2015,



36 4 Results and discussion

Stelzer et al. 2017) is orders of magnitude too weak to explain the observed instantanous

mass accretion rate. Additionally, donor stars in cataclysmic variables are typically oversized

as they are driven out of thermal equilibrium due to mass transfer (see Sect. 1.1), making

Roche-lobe overflow the most likely accretion mechanism.

This result is specially important as V379Vir had been suggested as a possible detached

system (Schmidt et al. 2005, Debes et al. 2006). However, thanks to X-ray detections using

Swift (Burleigh et al. 2006) and XMM-Newton (Stelzer et al. 2017), as well as the system

parameters derived from them, V379Vir was proven to be an interacting binary, and one of

the first confirmed magnetic period-bouncers.

Similar to V379Vir, as seen in Fig. 4-5, this thesis presents the detection of X-ray orbital

modulation on SDSS 1514, proving that there is accretion happening in this system as well

(Muñoz-Giraldo et al. 2023). The EPIC/pn spectrum of SDSS 1514 was fitted using a single

temperature component APEC model (see Sect. 3.3). The best-fit model corresponded to

a plasma temperature kT = 3.75.92.5 keV, global elemental abundances Z = 0.040.710.00Z⊙, and

an emission measure EM = 2.22.51.7 × 1051 cm−3. Through the best-fit to the X-ray spectrum

(Fig. 4-6), an X-ray luminosity of ∼ 3 × 1029 erg/s was derived using Eq. 3-1 (Muñoz-

Giraldo et al. 2023) that, using a white dwarf mass of 0.8M⊙ and a radius of 7× 108cm (see

Sect. 4.1.1), yields when using Eq. 3-2 an instantaneous mass accretion rate in the system of

3.3× 10−14M⊙/yr. Despite the lack of a spectroscopically detected donor in this system, the

considerable similarities shared by SDSS 1514 and V379Vir, including their X-ray properties,

suggests that SDSS 1514 is a magnetic period-bouncer as well.
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Figure 4-6.: Time-averaged EPIC/pn X-ray spectrum with the best-fit APEC model and

residuals. Left panel: Spectrum of V379Vir (Stelzer et al. 2017). Right pa-

nel: Spectrum of SDSS 1514 (Muñoz-Giraldo et al. 2023).
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4.1.3. SRG-eROSITA detections

As explained in Sect. 3.2.2 the X-ray detection of period-bouncers as a population has

not been very successful mainly due to the lack of coverage and sensitivity of current and

past instruments. As an all-sky survey with sufficient sensitivity, eROSITA provides an

unprecedented opportunity to not only study individual period-bouncers but to search for

the missing population of these systems. In the framework of this thesis, in Muñoz-Giraldo

et al. (2023) the first ever detections of period-bouncers with eROSITA were presented.

To obtain the highest sensitivity for detecting the presumably faint period-bouncers, the

merged catalog eRASS:3 was used, which is the result of summing data from the first three

all-sky surveys of eROSITA. The version of the eRASS:3 catalog used was the one made

available in December 2022 to the German eROSITA consortium, and it was produced with

the data processing version 0202. Source detection was performed for this catalog in a single

eROSITA energy band, 0.2− 2.3 keV.

In order to search for the pilot sample of period-bounce candidates in eRASS data, an

initial match between the three targets and the Gaia-DR3 catalog was performed. Using the

corresponding Gaia-DR3 proper motions, the coordinates of the objects were corrected to

the mean observing date of eRASS:3. Then, the corrected coordinates were matched with the

eRASS:3 catalog, allowing for a maximum separation of 30′′. After establishing the closest

matches for the pilot sample, a visual inspection was carried out in a 30′′ radius region

around the X-ray source to confirm that indeed there were no other potential optical Gaia

counterparts. Two of the members of the pilot sample have eROSITA detections, V379Vir

and SDSS 1250, while for SDSS 1514, which is located in the sky area with exclusive Russian

eROSITA data rights, no data is available to me.

For the eROSITA catalogs, the reported flux was calculated from the count rate using a

power law model with an index Γ = 2.0 and a galactic absorption of NH = 3 × 1020cm−2

(Brunner et al. 2022). As was covered in Sect.3.3, eROSITA cannot measure astrophysical

fluxes directly, but rather uses a ECF dependent on the spectral model and instrument

to convert the measured count rate into a flux. Most of the X-ray sources studied with

eROSITA are active galactic nuclei, the X-ray spectrum of which typically follows a power-

law distribution (Liu et al. 2022a). On the other hand, cataclysmic variables have thermal

spectra, not power-law spectra (see Sect.3.3 for more details). Since the power-law spectral

model assumed in the eROSITA catalogs is not appropriate for cataclysmic variables, fluxes

for an apec model were computed with help of a simulation that provided the eROSITA

conversion factor, CFeROSITA,APEC, from count rate to thermal flux.

To this end, a “fake” spectrum was generated using the eROSITA response files (RMF and

ARF; see Sect. 3.3) for two different types of models: a power law and an apec spectral

model (specific parameters for each of them are described in Muñoz-Giraldo et al. (2023)).

From both synthetic spectra, the flux and the count rate in the 0.2−2.3 keV eROSITA band

2The source catalog used in our work is all s3 SourceCat1B 221007 poscorr mpe clean.fits (for eRASS:3).
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were retrieved, using these values to calculate a CFfake,APEC and a CFfake,powerlaw. The ratio

between these two conversion factors from the simulation (CFfake,powerlaw/CFfake,APEC = 0.97)

can be used with the eRASS:3 catalog CFeRASS:3,powerlaw, calculated from the count rate and

flux reported in the catalog, to derive CFeRASS:3,APEC. The final apec fluxes from eROSITA,

of the two members of the pilot sample located in the “German sky”, are reported as the first

two systems in Table 4-2. The reported X-ray luminosity and instantaneous mass accretion

rate were calculated using the Bailer-Jones et al. (2021) distances from Table 4-1 and the

white dwarf mass from Sect. 4.1.2.

Table 4-2.: X-ray parameters from the eROSITA merged catalog,

eRASS:3, for V379Vir and SDSS 1250 given for the eRO-

SITA band (0.2-2.3 keV). X-ray parameters for SDSS 1514

are converted from the XMM-Newton band (0.2-12keV) to

the eROSITA band (0.2-2.3 keV).

Name Flux (apec) X-ray luminosity∗ Mass accretion rate∗

[erg cm−2 s−1] [erg s−1] [M⊙ yr−1 ]

V379Vir 7.47 ×10−14 log(Lx)= 29.5 2.1×10−14

SDSS 1250 4.58 ×10−14 log(Lx)= 29.2 1.0×10−14

SDSS 1514 4.21 ×10−14 log(Lx)= 29.3 1.7×10−14

∗ Values do not consider potential contributions from cyclotron emission to

the X-ray luminosity.

Similar to SDSS 1514, SDSS 1250 also lacks a spectroscopically detected donor. However, its

overall characteristics as well as its X-ray emission are very similar to those of V379Vir,

suggesting that SDSS 1250 is a period-bouncer as well.

From Table 4 in Muñoz-Giraldo et al. (2023) it can be seen that the detected period-bouncers

are faint, with only tens of counts in the merged data from the first three eROSITA surveys.

However, with a detection likelihood of 44.5 for V379Vir and 19.9 for SDSS 1250, they

are significantly above the detection likelihood limit of five set for the eRASS:3 merged

catalog which corresponds to the probability of the source being spurious and consistent with

background fluctuations (Liu et al. 2022b). This confirms eROSITA as a suitable instrument

for the study of period-bouncers and for the potential identification of the missing population

of this faint sub-class of cataclysmic variables.

We can use these results as a reference in future X-ray studies of period-bouncers. In order

to have homogeneous data on all the members of the pilot sample, V379Vir, the only period-

bouncer with data from both XMM-Newton and eROSITA, can be used to convert the flux of

SDSS 1514 from a XMM-Newton band (0.2-12 keV) to the eROSITA band (0.2-2.3keV). For

this transformation we use the ratio of 0.57 between the reported fluxes of V379Vir in the

XMM-Newton band (1.30 ×10−13erg cm−2 s−1; Stelzer et al. 2017) and the eROSITA band
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(7.47 ×10−14erg cm−2 s−1; Table 4-2). This ratio is then applied to the XMM-Newton flux

of SDSS 1514 (7.33 ×10−14erg cm−2 s−1; Muñoz-Giraldo et al. 2023) to obtain an estimated

eROSITA flux. The X-ray luminosity and mass accretion rate of SDSS 1514 calculated using

this estimated flux are reported in Table 4-2.

The detailed study of this pilot sample of magnetic period-bouncers in the eROSITA band

(0.2-2.3 keV) resulted in a mean X-ray flux of 5.42+2.05
−1.21 ×10−14 erg cm−2 s−1 (with SDSS 1514

as the system with the lowest X-ray flux), a mean bolometric X-ray luminosity of log(Lx)[erg/s]

= 29.3+0.2
−0.1 (with SDSS 1250 as the faintest system) and a mean instantaneous mass accre-

tion rate of 1.6+0.5
−0.6 ×10−14 M⊙/yr (with SDSS 1250 as the system with the lowest value).

According to the standard evolution track of cataclysmic variables by Knigge et al. (2011),

in the post-bounce area cataclysmic variables exhibit X-ray luminosities of log(Lx)[erg/s] =

29.3+0.5
−0.6, which fits very well with both results (XMM-Newton and eROSITA) for the pilot

sample of magnetic period-bouncers, and secular mean mass accretion rates of 1.6+0.7
−0.8 ×10−11

M⊙/yr which is considerably larger than the instantaneous mass accretion rates obtained

from X-ray data.

4.2. Catalogue of Known Cataclysmic Variables Around

the Period-bounce

With the goal of characterizing a wider sample of period-bouncers, as well as identifying new

members of this population in the framework of this thesis, a catalog of literature published

cataclysmic variables around the period-bounce was compiled. In Muñoz-Giraldo et al. (2024)

previous theoretical studies of period-bouncers are used to construct a “scorecard” that

reliably predicts the likelihood that a system has of being a period-bouncer. Using the

results of the “scorecard” together with the results of typical X-ray parameters from the

analysis of eROSITA data for the confirmed period-bouncers has yielded the identification

of 12 systems as new period-bouncers, a ∼ 70% increase in the overall population.

4.2.1. Constructing the Catalog

When constructing the catalog of cataclysmic variables around the period bounce (Fig. 4-7)

two main selection parameters were used: the system should have a short orbital period

(Porb ≤ 90min) and a low donor mass (Mdonor ≤ 0.07M⊙). However, considering how uncer-

tain the defining characteristics of period-bouncers are, due to the lack of a large representa-

tive population, I decided not to strictly enforce these parameters. This is relevant specially

for 32 systems that were suspected in the literature of being period-bouncers, but do not

have information on either orbital period/donor mass or both.

Some of the reasons given in the literature to suggest a system as a period-bouncer without

information on their orbital period or donor mass are: presence of a very cool white dwarf in
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the system (V1258 Cen; Pala et al. 2022), as well as similarities to confirmed period bouncers

in their optical spectra (CXOXB J143435.3+334048 and Gaia DR3 1705302990918074880

amongst other systems; Inight et al. 2023a) and photometric light curve of their superout-

burst (ASASSN -16hg and CRTS J173516.9+154708 amongst other systems; Kimura et al.

2018).

The catalog includes two systems, V1258 Cen and EFEri, that are notoriously known for

having been proposed as potential period-bouncers, but were subsequently rejected after a

detailed study. V1258 Cen was initially suggested as a potential period-bouncer by Pala et al.

(2022) solely due its very cool white dwarf. However, this argument was invalid as Savoury

et al. (2012), through a detailed study, had already established the orbital period (128min)

and donor mass of the system (between 0.12 M⊙ and 0.20 M⊙), which firmly places it just

below the period gap. The nature of EFEri is more ambiguous, as it has an orbital period

that locates it near the period minimum for cataclysmic variables (81min, Schwope and

Christensen 2010) and the presence of a degenerate donor in the system that is still debated.

Schwope and Christensen (2010) favored a degenerate donor based on its estimated J-band

brightness and the semi-empirical donor sequence of Knigge (2006). However, with Gaia-DR3

the distance to EFEri was revised to a much larger value, increasing the estimated absolute

magnitude of the donor above the substellar limit and, thus, weakening the arguments for a

degenerate donor in the system. The motivation for including these systems in the catalog was

to be able to compare their multi-wavelength characteristics to those of confirmed period-

bouncers, which will further help in the differentiation between high likelihood and low

likelihood period-bounce candidates.

In Muñoz-Giraldo et al. (2024) a catalog of cataclysmic variables around the period-bounce

made of 192 systems was presented. Since its publication an additional 21 systems have been

added (see Table A-1) for an updated total of 213 systems in the catalog. One of these new

systems, GALEX J041130.0+685350, is a recently eROSITA-discovered period-bouncer with

a spectroscopically detected donor of SpT T3 (Galiullin et al. 2024).

4.2.2. Scorecard for Likelihood of Being a Period-Bouncer

As mentioned in Sect. 1.3.1, a significant number of short-period cataclysmic variables,

usually classified as WZ Sge, have been detected primarily through photometric studies of

optical superoutbursts in their light curves. These systems are, therefore, not easily observed

in quiescence due to their faintness, such that the lack of information available, specially of

the orbital period and donor mass, makes a straightforward classification as a period-bouncer

challenging. I attempted to remedy this by defining a “scorecard” which does not completely

rely on the knowledge of the orbital period and donor mass in order to accurately judge if a

system is a period-bouncer.

This “scorecard” is composed of ten parameters that were constructed following literature

expectations for period-bouncers. A numerical score was assigned to each individual para-
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Figure 4-7.: Donor mass as a function

of orbital period for 175

systems in Muñoz-Giraldo

et al. (2024) catalog of ca-

taclysmic variables around

the period-bounce, and the

additional 6 systems intro-

duced in this thesis that

had reported values. Their

respective literature sour-

ces are listed in the le-

gend. The standard evolu-

tion track is shown in blue

as reference (Knigge et al.

2011).

meter that was then combined into a final numerical score for each system in the catalog.

The maximum number of achievable score points is 36, corresponding to an object that has

the highest score in all ten parameters, and therefore, a final score of 100 %. However, a

considerable number of candidates did not have enough data to be scored in all of the ten

parameters making a direct comparison between systems difficult. To solve this problem, for

each individual object, the final score of 100 % was re-defined as the maximum number of

points that it would have received if it had the highest likelihood of being a period-bouncer

in every parameter for which it has available data. The percentage final score is then cal-

culated as the ratio between the actual points the system has and its maximum achievable

points. Here a brief overview of the parameters is presented, but a complete description can

be found in Muñoz-Giraldo et al. (2024):

1. Spectral type of donor (SpT in Table 4-3): Parameter with the most weight in the

“scorecard” considering that a spectroscopic detection of a late-type donor in a ca-

taclysmic variable is the ultimate proof needed to securely confirm the system as a

period-bouncer. Partial points are awarded to systems that have a photometric de-

tection of the donor, as it is not as conclusive as an spectroscopic detection, as well

as to systems with an uncertain spectral type for the donor just at the point of the

period-bounce, usually reported in the literature as M5-or-later.

2. Donor mass (MDonor in Table 4-3): According to the evolution tracks for cataclysmic

variables by Knigge et al. (2011), the period-bounce area is defined for cataclysmic

variables with a donor mass lower than 0.058M⊙. Partial points are awarded to systems

with a donor mass up to 0.07M⊙, placing them just at the point of period-bounce.
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3. Orbital period (Porb in Table 4-3): This parameter judges the proximity of the ca-

taclysmic variable to the observed period minimum (81.8min; Gänsicke et al. 2009)

depending on their donor mass. This is because different cataclysmic variables with

the same orbital period could be located in the pre-bounce or post-bounce area solely

due to the donor mass.

4. White dwarf temperature (TWD in Table 4-3): Cataclysmic variables are known to

contain white dwarfs that cool during the evolution of the system. This means that

period-bouncers, the last stage in the evolution of cataclysmic variables, should have

very low-temperature white dwarfs (≤ 12500K; Pala et al. 2022).

5. Gaia variability (Gvar in Table 4-3): Due to the very low mass accretion rates exhibited

by period-bouncers, they are expected to undergo outbursts or superoutbursts only

once every decade (Patterson 2011), such that observations of these systems most

likely happen when they are in a quiescent non-variable state.

6. Gaia colors (Gaia in Table 4-3): Period-bouncers composed by a cool white dwarf and

a very late-type donor are expected to appear in optical bands as single white dwarfs,

usually located in the Gaia color-magnitude diagram in the area corresponding to the

white dwarf locus or just above it (Santisteban et al. 2018).

7. SDSS colors (SDSS in Table 4-3): Similar to the Gaia colors parameter, period-

bouncers are expected to be located in the area corresponding to the white dwarf

locus or just above it in the SDSS color-color diagram (Inight et al. 2023a).

8. Ultraviolet colors (UV in Table 4-3): In ultraviolet bands the emission from period-

bouncers is dominated by the white dwarf, where GALEX colors are a sensitive probe

of the white dwarf’s effective temperature (Patterson 2011).

9. Infrared colors (IR in Table 4-3): The position of a system in the infrared color-

color diagram can give information about the spectral type of the donor. Littlefair

et al. (2003) established areas for cataclysmic variables with early-type donors, as well

as areas populated by L or T donors which are the expected companions of period-

bouncers.

10. Infrared excess (Excess in Table 4-3): Due to the evolved nature of the donor in period-

bouncers, it is expected to appear as a very slight or no excess in the infrared. Speci-

fically when analysing the spectral energy distribution of confirmed period-bouncers,

this infrared excess should be evident only at longer wavelengths associated to the

K-band or the WISE bands, if they present an excess at all.

The values obtained from all individual parameters considered in the scorecard and the final

score are reported in Table 4-3 for the 21 new systems, as an addition to the final scores
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Table 4-3.: Scorecard for the 21 new systems in the catalog of cataclysmic variables around

the period-bounce. See Sect. 4.2.2 and Muñoz-Giraldo et al. (2024) for expla-

nations on the different parameters and scores.

System SpT MDonor Porb TWD Gvar Gaia SDSS UV IR Excess %

ASASSN -14dx 1 3 2 3 0 3 3 71

OT J21380+2619 1 2 0 3 2 1 0 0 1 37

SDSS J09290+0053 5 0 -

SDSS J00581-0107 1 0 0 -

EQ Lyn 1 0 3 2 0 3 50

SDSS J07550+1435 1 0 3 3 3 0 3 62

FV Lyn 3 3 3 3 0 3 83

LV Cnc 1 3 3 3 3 0 3 3 79

1RXS J10142+0638 1 3 3 3 3 3 3 3 92

SDSS J14575+5148 1 3 1 2 3 1 3 67

V386 Ser 1 3 3 3 3 3 89

QZ Aqr 0 0 3 -

SDSS J21414+0507 1 3 3 3 3 0 3 76

OT J23111+0130 3 3 0 -

VY Aqr 5 1 0 0 1 2 1 0 0 3 36

ZTF19acfixfe 1 3 0 -

GALEX J04113+6853 9 1.5 0 1 3 3 0 65

eFEDS J09261+0105 1 3 2 1 0 3 56

2QZ J14283+0031 3 3 3 0 1 3 72

GALEX J18113+7956 3 3 2 0 3 73

ATO J026.6+49.2 7 3 3 3 0 3 79

reported by Muñoz-Giraldo et al. (2024) (see their Table 3) for the original 192 systems

included in the catalog of cataclysmic variables around the period-bounce. Overall, 5 of the

21 new systems had information for only three or fewer parameters, meaning that a final

score was not assigned to them and they have been excluded from the following analysis.

Even after the addition of GALEX J041130.0+685350, the new eROSITA-confirmed period-

bouncer, V406Vir remains the lowest scoring confirmed period-bouncer at 64%, meaning

that the definition for the category of high likelihood of being a period-bouncer established

by Muñoz-Giraldo et al. (2024) stays the same. Now, 76 systems (12 newly reported in this

thesis and 64 presented by Muñoz-Giraldo et al. 2024) have a final score greater than 60%,

meaning that they are strong period-bounce candidates that have not yet been categorized

as such.

A good indicator of the performance of the scorecard is that the category of low likelihood of
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being a period-bouncer includes systems that are well known for not being period-bouncers

(V1258 Cen; Savoury et al. 2012), as well as the ambiguous system EFEri.

In Table 4-4 the completeness and accuracy of each of the ten scorecard parameters is shown

for two populations: case 1 made of 18 confirmed period-bouncers (see Sect. 2), and case 2

made of 30 confirmed and new period-bouncers (see Sect. 4.2.3). Completeness refers to the

percentage of confirmed period-bouncers that were successfully classified as period-bouncers

using the highest score for the parameter. Accuracy refers to the percentage of systems with

the highest score for the parameter which are actually period-bouncers, and is a measure for

the “contamination” of the sample.

Table 4-4.: Significance of scorecard parameter. All numbers indicate percentages.

SpT MDonor Porb TWD Gvar Gaia SDSS UV IR Excess

(1) Completeness 50 61 72 61 95 88 78 50 58 88

Accuracy 90 18 19 18 17 26 12 35 37 15

(2) Completeness 47 60 61 67 97 83 81 43 53 93

Accuracy 90 25 25 33 29 42 21 53 53 25

(1) For previously known confirmed period-bouncers (see Sect. 2).

(2) For previously known confirmed and new period-bouncers identified through this thesis work

(see Sect. 4.2.3).

These ten parameters were constructed following expectations for period-bouncers esta-

blished in the literature, which describe an ideal of what is regarded as a period-bouncer.

From the completeness of both populations, it can be observed that the expectations of an

ideal period-bouncer describe around half or more of the actual population of confirmed

period-bouncers (case 1 in Table 4-4). From the accuracy of the confirmed period-bouncers,

case 1 in Table 4-4, it can be observed that the expectations of an ideal period-bouncer

(with the exception of the spectral type of the donor) also describe a considerable number of

systems that have not been confirmed as period-bouncers. The accuracy is considerably in-

creased with the addition of the newly eROSITA confirmed period-bouncers (see Sect. 4.2.3)

which suggests that there are systems amongst the “contaminants” which are waiting to be

confirmed as period-bouncers.

As expected, the parameter with the highest accuracy is the “spectral type of the donor”,

considering that a spectroscopic detection of a late-type donor in a cataclysmic variable is

the ultimate confirmation that the system is a period-bouncer. However, the completeness

of this parameter is at most 50% mainly due to the lack of spectroscopic confirmation of the

late-type donor in several confirmed period-bouncers (see Sect. 2). “Ultraviolet colors” and

“infrared colors” are the parameters with the second highest accuracy, with the majority

of short-period cataclysmic variables that fulfill these selection cuts being actual period-

bouncers.
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The parameter that performs the best overall is “Gaia colors”, as it manages to retrieve

83% of confirmed and new period-bouncers while also including amongst the least amounts

of “contaminants”. According to this, it is likely that a cataclysmic variable with Gaia colors

locating it within the white dwarf locus, as defined by the bounds presented in the scorecard,

is indeed a period-bouncer.

Considering that they are able to recover the majority of already confirmed period-bouncers

(completeness in Table 4-4), while at the same time accurately identifying candidates that

are actual period-bouncers (accuracy in Table 4-4), the most useful and relevant parameters

when deciding if a cataclysmic variable is a period-bouncer are: spectral type of the donor,

Gaia colors, ultraviolet colors and infrared colors.

4.2.3. SRG-eROSITA detections

In Sect. 4.1.3 the first ever X-ray results from period-bouncers using eROSITA were reported.

Based on this work, I expanded the study on the catalog of known cataclysmic variables

around the period-bounce introduced earlier in this chapter.

The sky distribution of all 213 systems in the catalog of cataclysmic variables around the

period-bounce is shown in Fig. 4-8, including 192 systems previously presented in Muñoz-

Giraldo et al. (2024) and 21 new systems introduced in Sect. 4.2.1. The summary of the

different compositions of the catalog is presented in Table 4-5.

As discussed in Sect. 3.2.2, data access for the German consortium is only provided for the

western half of the sky in terms of Galactic coordinates (Galactic longitude l ≥ 180◦ shown

in Fig. 4-8). The eRASS:3 catalog introduced in Sect. 4.1.3 was used, considering that not

only does it provides the highest sensitivity for the detection of faint period-bouncers, but

it also allows for a comparison with a compiled catalog of cataclysmic variable candidates

(Schwope et al. prep). Similar to the procedure presented in Sect. 4.1.3 the coordinates of the

213 systems in the catalog of cataclysmic variables around the period-bounce were corrected

to the mean observing date of eRASS:3 using their Gaia-DR3 proper motions. A match

with the eRASS:3 catalog was performed, allowing for a maximum separation of 30′′ and

enforcing for the separation between optical and X-ray coordinates the condition sepox < 3×
RADEC ERR, whereRADEC ERR is the positional error of the X-ray coordinates in units

of arcseconds. I found that 55 of the 86 systems from the catalog which are in the German

eROSITA sky are detected in the eRASS:3 catalog, 5 are new systems introduced in this thesis

and 50 were already presented by Muñoz-Giraldo et al. (2024). The remaining 31 undetected

systems (grey dots in Fig. 4-8) were, for the most part, identified and studied as they were

experiencing superoutbursts (e.g. V498 Hya by Kato et al. (2009), CRTS J075418.7+381225

by Nakata et al. (2014), ASASSN -15hn and CRTS J075418.7+381225 by Kato et al. (2016)).

Because they are all located at large distances (∼900pc) it is expected that eROSITA would

not detect them in a quiescent state.

The cross-match process was performed allowing for all possible matches within 30′′. Ho-



46 4 Results and discussion

Figure 4-8.: Aitoff projection in Galac-

tic coordinates. Top pa-

nel: Distribution of the

213 systems in the cata-

log of cataclysmic varia-

bles around the period-

bounce. The final score

achieved by the systems is

presented as a color sca-

le, and candidates without

enough information to ha-

ve received a final score are

presented in yellow. Pre-

viously known confirmed

period-bouncers (Table 2-

1) are highlighted with

black boxes. Left panel:

Distribution of the 86 sys-

tems located in the Ger-

man eROSITA sky. The

“eROSITA subsample” is

shown in color scales, while

systems without an eRO-

SITA detection are shown

in grey.
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wever, each of the 55 detected systems had only one eRASS:3 match within that radius. A

visual inspection was carried out using ESAsky3 in a 30′′ radius region around the X-ray

source to assure that there where no other potential optical counterparts that were located

closer. Out of the 55 systems detected in the eRASS:3 catalog, 50 have no other optical

source closer to the eRASS X-ray position than the target system in our catalog and can

therefore be confidently categorized as a correct match. Of the remaining five systems with

other possible optical counterparts, two systems were confirmed as having the correct match

thanks to previous X-ray detections (XMM-Newton and Chandra) clearly associated with

the target systems. For the last three systems the other possible optical counterpart is clo-

ser to the eRASS source than the target system, such that the X-ray source could not be

securely associated with the period-bounce candidate, and therefore, was not reported by

Muñoz-Giraldo et al. (2024). However, in their compilation of a catalog of known cataclysmic

variables detected by eROSITA, Schwope et al. (2024) establishes that two of these X-ray

sources are indeed associated with their corresponding target systems, meaning that only

one out of these three systems remains un-associated to an X-ray source. The 54 systems

in the catalog of cataclysmic variables around the period-bounce with a reliably associated

X-ray source make up the “eROSITA subsample”, where the X-ray parameters of 47 systems

in this “eROSITA subsample” were already presented by Muñoz-Giraldo et al. (2024). In

Table 4-6 the X-ray parameters of the 7 sources from the “eROSITA subsample” with a

newly established eROSITA detection are presented, all 5 new systems introduced in this

thesis and 2 systems originally presented in Muñoz-Giraldo et al. (2024) but for which an

eROSITA association could not be reliably determined at the time.

All 8 confirmed period-bouncers located in the sky area with German eROSITA data rights

are amongst the “eROSITA subsample”, which were already presented by Muñoz-Giraldo

et al. (2024). Additionally, there are 20 systems, four new systems introduced in this thesis,

two with a recently established reliable counterpart, and 14 already presented by Muñoz-

Giraldo et al. (2024) that even though they belong to the category of high likelihood of being

a period-bouncer (see Sect. 4.2.2), they have not yet been classified as such. Considering

that there are no new eROSITA-detected confirmed period-bouncers with available data,

the X-ray selection cuts established by Muñoz-Giraldo et al. (2024) are maintained (see

their Figures 7 and 8). These selection cuts were chosen to represent the areas typically

occupied by eROSITA-detected confirmed period-bouncers and are defined as: a “X-ray

luminosity cut” given by the bolometric X-ray luminosity (upper limit at log(Lx)[erg/s]

≤ 30.4 corresponding to the brightest eROSITA-detected confirmed period-bouncer CRTS

J122221.6-311525) and Gaia colors (upper limit at GBP-GRP ≤ 0.35 corresponding to the

eROSITA-detected confirmed period-bouncer PM J12507+1549), and a “X-ray flux cut”

given by the X-ray-to-optical flux ratio (upper limit at log(Fx/Fopt) ≤ 0 corresponding to

the eROSITA-detected confirmed period-bouncer CRTS J122221.6-311525 and lower limit

at log(Fx/Fopt) ≥ -1.21 corresponding to the eROSITA-detected confirmed period-bouncer

3https://sky.esa.int/
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Table 4-5.: Catalog of known cataclysmic variables around the period-bounce.

Systems presented by New Overall

Muñoz-Giraldo et al. (2024) systems catalog

Total 192 21 213

eROSITA German sky 80 6 86

eROSITA-detected 50 5 55

“eROSITA subsample” 47 5+2∗ 54

In “eROSITA subsample”

Confirmed period-bouncers 8 0 8

High likelihood of being 14 4+2∗ 20

a period-bouncer

In high likelihood of being a period-bouncer

Newly confirmed 7 3+2∗ 12

period-bouncers

∗ These 2 systems were initially introduced by Muñoz-Giraldo et al. (2024), but no

reliable cross-match could be determined at the time.

SDSS J103533.02+055158.4).

Table 4-6 shows if the new members of the “eROSITA subsample” fulfill these X-ray selec-

tion cuts. For systems that have a high score due to their multi-wavelength characteristics

rated in the “scorecard”, which categorizes them as having a high likelihood of being period-

bouncers, the fulfillment of the X-ray selection cuts leads to a classification of the system as

a new period-bouncer. Out of the 7 new systems of the “eROSITA subsample”, 5 are confir-

med as new period-bouncers bringing the total of eROSITA-confirmed new period-bouncers

to 12 systems. All 5 newly confirmed period-bouncers were categorized as WZ Sge in the

literature, with only two of them having previously been suggested as period-bounce candi-

dates: WISE J111217.37-353829.1 (Patterson 2011) and PNV J17144255-2943481 (Kimura

et al. 2018, Thorstensen 2020). Of the 20 systems in the “eROSITA subsample” that are part

of the category of high likelihood of being a period-bouncer according to the “scorecard”,

12 could be successfully confirmed using eROSITA. This conclusively demonstrates not only

the accuracy of the “scorecard” when selecting high likelihood period-bounce candidates, but

also the usefulness of eROSITA-selected X-ray parameters in confirming these period-bounce

candidates.

After the X-ray confirmation of 12 new period bouncers, the population of eROSITA-detected

period-bouncers is now made up of 20 systems, representing an increase of ∼150% in this

population. When compared with the pilot sample of Sect. 4.1 the X-ray characteristics of

this broader sample of period-bouncers seem to be relatively similar, with a mean bolometric

X-ray luminosity of log(Lx)[erg/s] = 29.8+0.6
−0.7 (with SDSS J103533.02+055158.4 as the faintest

system) and a mean instantaneous mass accretion rate of 5.6+9.6
−4.8× 10−14 M⊙/yr (with SDSS
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J103533.02+055158.4 as the system with the lowest value).

A comparison with the overall eROSITA-detected population of confirmed cataclysmic va-

riables from Schwope et al. (prep) is presented in Fig. 4-9. The eRASS:3 sensitivity limit,

marked by the red line in Fig. 4-9, is calculated for the limiting X-ray flux of 2×10−14 erg

cm−2 s−1 (Muñoz-Giraldo et al. 2023). Schwope et al. (prep) report the eROSITA detection

of 585 confirmed cataclysmic variables, of which 171 are located within 500pc (blue line in

Fig. 4-9), making confirmed period-bouncers ∼4% and ∼11% of these populations, respec-

tively. These results are consistent with previous campaigns reporting an observed fraction

of period-bouncers of 2.5% to 14% (Pala et al. 2020, Pala et al. 2022, Inight et al. 2023a).

Even after the considerable increase in the population of period-bouncers that came as a

result of this eROSITA study, period-bouncers are still far from being the major component

of the cataclysmic variable population that is predicted in theoretical models.

Figure 4-9.: Bolometric X-ray lumino-

sity versus distance from

Bailer-Jones et al. (2021)

showing the position of

previously confirmed (in

black boxes) and new

(in red triangles) period-

bouncers detected by eRO-

SITA with respect to the

average eRASS:3 sensiti-

vity limit marked by the

red line. The final sco-

re achieved by the sys-

tem is presented as a co-

lor scale. The population

of eROSITA-detected con-

firmed cataclysmic varia-

bles from Schwope et al.

(prep) is shown as a refe-

rence.
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4.3. Search for New Period-Bounce Cataclysmic Variables

with eROSITA

With the detection of two faint confirmed period-bouncers reported by Muñoz-Giraldo et al.

(2023) the sensitivity of eROSITA was proven sufficient for the study of period-bouncers

(see Sect 4.1). This was exploited by Muñoz-Giraldo et al. (2024) in order to confirm new

period-bouncers, significantly raising the number of systems in this population (see Sect. 4.2).

However, as mentioned before, this increase is not enough to salvage the divide between the

expected and observed population of period-bouncers. The success of these two projects has

motivated the search for new period-bouncers using eROSITA.

As a starting point for the search of new period-bouncers, the Gaia Data Release 3 catalog of

white dwarfs by Gentile Fusillo et al. (2021) is used, considering that, as detailed in Sect. 2.1,

period-bouncers are very likely to appear like single white dwarfs in optical bands. Each

object in the Gentile Fusillo et al. (2021) catalog has a corresponding probability of being

a white dwarf (PWD) calculated using as reference a sample of spectroscopically confirmed

white dwarfs from SDSS. Gentile Fusillo et al. (2021) showed that selecting objects with

PWD > 0.75 recovers 96% of the spectroscopically confirmed white dwarfs from SDSS, as

well as being able to recover 95% of the confirmed period-bouncers, making these “high-

fidelity” white dwarfs an ideal starting sample for a search of new period-bouncers.

Figure 4-10.: Gaia color-magnitude

diagram showing the po-

sition of “high-fidelity”

white dwarfs from Gen-

tile Fusillo et al. (2021).

The Gaia-DR3 sources

with Bailer-Jones et al.

(2021) distances and a

parallax error of less

than 1% of the parallax

value are shown in gray

as a reference.

The sample of “high-fidelity” white dwarfs is made up of 359073 objects (yellow dots in

Figs. 4-10) of which 187079 objects, roughly 52%, are located in the German eROSITA

sky (yellow dots in Fig. 4-11). The same eRASS:3 catalog described in Sect. 4.1.3 and the

same cross-match procedure from Muñoz-Giraldo et al. (2024) described in Sect. 4.2.3 are

used to determine which of the “high-fidelity” white dwarfs in the German eROSITA sky

have a reliable X-ray detection. This corresponds to 5514 objects (blue dots in Fig. 4-11),

1.5% of the original “high-fidelity” white dwarfs and 3% of those located in the German
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eROSITA sky. The low detection fraction is not surprising considering that an eROSITA-

detection of the faint X-ray emission coming from typical single white dwarfs making up the

majority of this catalog is not expected. The sample of “high-fidelity” white dwarfs detected

by eROSITA must therefore contain a range of different objects including, but not limited

to, very hot white dwarfs or white dwarfs in complex configurations like AM CVn binaries

and triple systems.

Figure 4-11.: Aitoff projection in

Galactic coordinates

of the distribution of

“high-fidelity” white

dwarfs located in the

German eROSITA sky.

“High-fidelity” white

dwarfs with a detection

in the eRASS:3 catalog

are shown in blue.

A distance limit of 500pc was established in the search for new period-bouncers. This is

initially motivated by the fact that all confirmed period-bouncers and almost all newly

eROSITA-confirmed period-bouncers are located within 500pc (WISE J111217.37-353829.1

is the only exception with a distance of 571pc as seen in Fig. 4-9). Other considerations were:

the limitation on the accuracy of distance measurements that can be achieved with Gaia for

faint objects, as well as the eRASS sensitivity limit for the faintest confirmed period-bouncer

(Muñoz-Giraldo et al. 2024). In Fig. 4-12 the 3833 “high-fidelity” white dwarfs located within

500pc in the German eROSITA sky are shown in pink. Around 70% of the “high-fidelity”

white dwarfs detected by eROSITA are located close by and are probably related with faint

X-ray emitting systems like period-bouncers.

As a last step, the X-ray selection cuts from Muñoz-Giraldo et al. (2024) are applied, which

were derived using eROSITA-detected confirmed period-bouncers and already used to con-

firm new period-bouncers (see Sect. 4.2.3 for more information). The 1662 “high-fidelity”

white dwarfs located within 500pc in the German eROSITA sky that fulfill both X-ray se-

lection cuts are highlighted in Fig. 4-13, and are used to define a catalog of period-bounce

candidates. The catalog of X-ray selected period-bounce candidates is made up of objects
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Figure 4-12.: Gaia color-magnitude

diagram showing the po-

sition of “high-fidelity”

white dwarfs from Gen-

tile Fusillo et al. (2021)

within 500pc and de-

tected in eRASS:3. The

Gaia-DR3 sources with

Bailer-Jones et al. (2021)

distances and a parallax

error of less than 1%

of the parallax value

are shown in gray as a

reference.

which have similar X-ray properties to that of confirmed period-bouncers and also resemble

in the optical band spectroscopically confirmed white dwarfs.

As of now, the study of the 1662 members in the catalog of X-ray selected period-bounce

candidates was started by compiling the final score for their likelihood of being a period-

bouncer (see Sect. 4.2.2 and Muñoz-Giraldo et al. 2024). This ensures that not only they

have X-ray properties similar to confirmed period-bouncers, but that their overall multi-

wavelength characteristics resemble what we expect from period-bouncers.

Considering that the vast majority of these systems are not found in the literature, I do

not have access to information about their orbital periods and the spectral type or mass of

the donor, as these parameters typically come as a result of a detailed study. Therefore, a

“reduced” version of the scorecard presented by Muñoz-Giraldo et al. (2024) is used including

the following parameters: white dwarf temperature, Gaia variability, Gaia colors, SDSS

colors, ultraviolet colors, and infrared colors. The final score was then calculated only taking

these parameters into consideration (presented as a color scale in Fig. 4-13). I am confident

that the results from the “reduced” scorecard are reliable as it includes Gaia, ultraviolet

and infrared colors which, besides from the spectral type of the donor, are the most relevant

parameters when identifying period-bouncers (see Table 4-4).

The final scores of the 1662 members in the catalog of X-ray selected period-bounce candi-

dates seem to follow a trend, with the highest scoring systems also having the highest values

for GBP-GRP Gaia color. This happens for the most part because of the relation between the

temperature of the white dwarf and the GBP-GRP Gaia color, considering that as the white

dwarfs cools it becomes redder.

If the same “reduced” scorecard is used on the confirmed period-bouncers (Table 2-1), the

lowest scoring system is once again V406Vir with 72%, meaning that a category of high
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Figure 4-13.: X-ray selection cuts from Muñoz-Giraldo et al. (2024) applied to the popu-

lation of eRASS:3 detected “high-fidelity” white dwarfs within 500pc. The

final score of the X-ray selected period-bounce candidates is presented as a

color scale. Candidates without enough information to have received a final

score are presented in yellow. A population of cataclysmic variable candidates

found in eRASS:3 is shown in grey as a reference (Schwope et al. in prep).

Left panel: X-ray-to-optical flux ratio as a function of Gaia colors. Right

panel: Bolometric X-ray luminosity as a function of Gaia colors.

likelihood of being a period-bouncer can be defined by systems that have final scores higher

than 70%. This category would include 1100 of the candidates in the catalog. However, it is

relevant to mention that a significant number of these candidates, 764 systems, have a final

score of 100% likelihood of being a period-bouncer according to the “reduced” scorecard.

These 764 period-bounce candidates are cool temperature, non-variable objects that look in

optical bands like spectroscopically confirmed white dwarfs and in their X-ray, ultraviolet

and infrared emissions like confirmed period-bouncers. Confirmation of these candidates as

actual period-bouncers is very important as they might represent the missing population of

period-bounce cataclysmic variables.

4.4. Outlook

At the moment, the work conducted has led to a confirmed population of period-bouncers

that, in a 500pc volume-limited sample, corresponds to ∼11% of the cataclysmic variable

population, which is still quite far from the expected 40% to 70%. This can mean two things:

the models describing the overall evolution of cataclysmic variables are incorrect and should

be adjusted to reflect the small number of period-bouncers observed (see e.g. Schreiber et al.

2023), or a significant number of period-bouncers is waiting to be discovered as part of a

large missing population.
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The focus of this work has been towards the second approach and, considering the large

number of surveys already conducted in optical, ultraviolet and infrared bands in the search

of period-bouncers (Santisteban et al. 2018, Pala et al. 2022, Inight et al. 2023b), such X-ray

studies might represent the last effort to find the large population of missing period-bouncers.

The initial work on the catalog of X-ray selected period-bounce candidates is very promising,

with 764 out of the 1662 members having a 100% likelihood of being a period-bouncer

according to the “reduced” scorecard (Fig. 4-14). In the ideal case where all these candidates

are confirmed as actual period-bouncers, there would be a confirmation rate for X-ray selected

period-bounce candidates of ∼50%. If the same ideal confirmation rate is applied to the

population of X-ray selected cataclysmic variable candidates by Schwope et al. (prep), there

would be the potential confirmation of ∼1400 new cataclysmic variables within 500pc.

Figure 4-14.: Period-bounce candida-

tes with 100% likelihood

of being period-bouncers.

A population of eRO-

SITA detected confirmed

cataclysmic variables are

shown as a reference

(Schwope et al. prep).

Within this ideal population of cataclysmic variables, period-bouncers would make-up ∼55%

of the overall population, a result that is in agreement with the lower end of the predicted

fraction of period-bouncers (Goliasch and Nelson 2015).

However, this is still an ideal population, and considerable work needs to be done in order

to securely confirm that the population of missing period-bouncers has been found. Firstly,

a spectroscopic confirmation of these objects as cataclysmic variables has to be carried out.

This can be achieved using optical spectra, looking for Balmer emission lines from the ac-

cretion disc or column (Inight et al. 2023a), which is not present in single white dwarfs. The

next step would be to establish these systems as short-period cataclysmic variables with

late-type donors through gaining information on the orbital period of the system, which can

come from a variety of different methods like light curve analysis from optical and X-ray

surveys (Muñoz-Giraldo et al. 2024). Moreover, the donor should be characterized as this

requires most likely a dedicated infrared campaign. Shedding light onto the system’s para-

meters would lead to a more detailed characterization of the system, and could represent the

final confirmation that the X-ray selected candidates with 100% likelihood of being period-
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bouncers can be actually classified as period-bouncers, solving the long lasting discrepancy

between the expected and observed population of period-bouncers.
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Külebi, B., Jordan, S., Euchner, F., Gänsicke, B., and Hirsch, H. (2009). Analysis of

hydrogen-rich magnetic white dwarfs detected in the sloan digital sky survey. Astronomy

& Astrophysics, 506(3):1341–1350.

Lamb, D. and Masters, A. (1979). X and uv radiation from accreting magnetic degenerate

dwarfs. Astrophysical Journal, Part 2-Letters to the Editor, vol. 234, Dec. 1, 1979, p.

L117-L122., 234:L117–L122.

Littlefair, S., Dhillon, V., Marsh, T., Gänsicke, B., Southworth, J., Baraffe, I., Watson, C.,

and Copperwheat, C. (2008). On the evolutionary status of short-period cataclysmic

variables. Monthly Notices of the Royal Astronomical Society, 388(4):1582–1594.

Littlefair, S., Dhillon, V., and Martin, E. (2003). On the evidence for brown dwarf secon-

dary stars in cataclysmic variables. Monthly Notices of the Royal Astronomical Society,

340(1):264–268.

Littlefield, C., Hoard, D., Garnavich, P., Szkody, P., Mason, P. A., Scaringi, S., Ilkiewicz,

K., Kennedy, M. R., Rappaport, S. A., and Jayaraman, R. (2023). Kepler k2 and tess

observations of two magnetic cataclysmic variables: The new asynchronous polar sdss

j084617. 11+ 245344.1 and paloma. The Astronomical Journal, 165(2):43.

Liu, T., Buchner, J., Nandra, K., Merloni, A., Dwelly, T., Sanders, J. S., Salvato, M., Arcodia,

R., Brusa, M., Wolf, J., et al. (2022a). The erosita final equatorial-depth survey (efeds)-the

agn catalog and its x-ray spectral properties. Astronomy & Astrophysics, 661:A5.

Liu, T., Merloni, A., Comparat, J., Nandra, K., Sanders, J., Lamer, G., Buchner, J., Dwelly,

T., Freyberg, M., Malyali, A., et al. (2022b). Establishing the x-ray source detection

strategy for erosita with simulations. Astronomy & Astrophysics, 661:A27.

Livio, M. and Pringle, J. (1994). Star spots and the period gap in cataclysmic variables.

Astrophysical Journal, Part 1 (ISSN 0004-637X), vol. 427, no. 2, p. 956-960, 427:956–960.

Marsh, T. and Horne, K. (1988). Images of accretion discs–ii. doppler tomography. Monthly

Notices of the Royal Astronomical Society, 235(1):269–286.



Bibliography 63

Mason, K., Breeveld, A., Much, R., Carter, M., Cordova, F., Cropper, M., Fordham, J.,

Huckle, H., Ho, C., Kawakami, H., et al. (2001). The xmm-newton optical/uv monitor

telescope. Astronomy & Astrophysics, 365(1):L36–L44.

McAllister, M., Littlefair, S., Dhillon, V., Marsh, T., Gänsicke, B., Bochinski, J., Bours, M.,
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Table A-1 presents the system parameters for the 21 new systems that have been added

since its publication to the catalog of known cataclysmic variables around the period-bounce

presented by Muñoz-Giraldo et al. (2024).

Table A-1.: System parameters for the period-bounce candidates not included in Muñoz-Giraldo

et al. (2024) with distances from Bailer-Jones et al. (2021).

System Porb Mdonor SpT Distance WD Teff MWD WD type References

[h] [M⊙] [pc] [K] [M⊙]

ASASSN -14dx 1.38 - - 81 9113 - nMag 1, 2

OT J2138+2619 1.31 0.068 - 99 15317 0.57 - 3, 4

SDSS J0929+0053 1.85 - M5 - - - - 5

SDSS J0058-0107 1.56 0.063 - - - - - 6

EQ Lyn 1.33 - - 314 15447 0.75 nMag 7, 4

SDSS J0755+1435 1.41 - - 240 16193 0.91 nMag 4

FV Lyn 1.67 - - 335 9788 - - 8, 2

LV Cnc 1.35 - - 196 9730 - nMag 9, 2

1RXS J1014+0638 1.42 - - 192 10027 - - 8, 2

SDSS J1457+5148 1.30 - - 587 9672 - nMag 10, 2

V386 Ser 1.34 - - 244 9846 0.68 nMag 11, 12, 2

QZ Aqr 1.67 0.076 - - - - - 8, 13

SDSS J2141+0507 1.31 - - 274 11679 - nMag 8, 2

OT J2311+0130 1.24 0.048 - - - - - 14

VY Aqr 1.51 0.070 M6 141 14453 1.06 nMag 15, 4

ZTF19acfixfe 1.43 - - - - - Mag 16

GALEX J0411+6853 1.62 0.017 T3 324 13790 0.84 Mag 17

eFEDS J0926+0105 1.47 - - 385 - - Mag 18

2QZ J1428+0031 - - - 352 10662 - - 2

GALEX J1811+7956 - - - 364 8262 - - 2

ATO J026.6+49.2 2.06 - T2 57 8550 - Mag 19

White dwarf type: Magnetic (Mag) or non-magnetic (nMag).

References. (1) Isogai et al. (2019), (2) Gentile Fusillo et al. (2021), (3) Kato (2015), (4) Pala

et al. (2022), (5) Schwope et al. (2024), (6) Kato (2022), (7) Mukadam et al. (2013), (8) Inight et al.

(2023b), (9) Thorstensen et al. (2015), (10) Uthas et al. (2012), (11) Woudt and Warner (2004), (12)

Szkody et al. (2021), (13) Otulakowska-Hypka et al. (2016), (14) Shugarov and Malashevich (2021),

(15) Harrison et al. (2009), (16) Balman et al. (2024), (17) Galiullin et al. (2024), (18) Rodriguez

et al. (2023), (19) Hakala et al. (2022).
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ABSTRACT

Context. A great portion of the cataclysmic variable population, between 40% and 70%, is predicted to be made up of period-bouncers,
systems with degenerate donors that have evolved past the period minimum. However, due to their intrinsic faintness, only a few of
these systems have been observed and confidently identified so far.
Aims. We have searched for X-ray emission as proof of accretion in order to confirm period-bounce cataclysmic variables.
Methods. In this study, we used data from XMM-Newton and eROSITA on a pilot sample of three period-bounce candidates with
a magnetic white dwarf, which are expected to exhibit stronger X-ray emission than non-magnetic systems due to more efficient
conversion of matter accretion onto the white dwarf.
Results. In a dedicated XMM-Newton observation of the period-bounce candidate SDSS J151415.65+074446.5 we discovered
X-ray modulation at the binary orbital period confirming it as an accreting system. The X-ray light curve and the X-ray spec-
trum display characteristics of magnetic Polar-type systems, allowing us for the first time to determine the X-ray luminosity and
mass accretion rate for this system. Catalog data from eROSITA on the Spektrum-Roentgen-Gamma satellite for V379 Vir and
SDSS J125044.42+154957.4 enabled a first look into the X-ray behavior of period-bounce candidates with this new all-sky in-
strument. From the eROSITA measurements, the X-ray luminosity and mass accretion rate were determined for the first time for
SDSS J125044.42+154957.4, and the earlier result for V379 Vir from XMM-Newton was confirmed.
Conclusions. The three cataclysmic variables with a magnetic white dwarf and very low-mass donor studied in this work present
evidence for X-ray emission at a similar level of LX [erg s−1] ≈ 1029, which, together with the detection of X-ray orbital modulation
in two of them (i.e., V379 Vir and SDSS J151415.65+074446.5), unambiguously proves the presence of accretion in these systems.
The detection of these period-bouncers at faint X-ray luminosity levels with the all-sky X-ray survey eROSITA offers new prospects
for the identification of additional period-bouncers, providing impetus for theoretical studies of binary evolution.

Key words. X-rays: binaries – stars: individual: SDSS J151415.65+074446.5 – stars: individual: SDSS J121209.31+013627.7 –
stars: individual: SDSS J125044.42+154957.4

1. Introduction

Cataclysmic variables (CVs) are interacting compact binaries
where a white dwarf (WD) accretes matter from a Roche-lobe
filling late-type donor (Warner 1995). Two main types of CVs
have been distinguished according to the accretion geometry of
the system in question. Usually, accretion onto the WD occurs
via a disk, but if the WD magnetic field is strong enough
(&10 MG), the formation of an accretion disk is prevented and
accretion flow proceeds directly from the companion toward
the magnetic polar regions. In these high-field systems, called
Polars, the WD rotation is phase locked at the orbital period
(Cropper 1990). Polars are known to switch between high and
low mass-accretion rate states spending roughly half their time
in low states, as seen in the case of the prototype AM Her
(Hessman et al. 2000), making their identification and charac-
terization challenging (Pretorius et al. 2013).

In terms of evolution, all CVs follow a track from longer
orbital periods toward shorter ones driven by angular momen-
tum loss, which causes the orbital separation of the system to
decrease (Knigge et al. 2011). In the course of this evolution, the

system passes through a period gap as a detached binary between
an orbital period (Porb) of 2–3 h, and reemerges as an active CV
when the donor is again filling its Roche lobe (Howell et al.
2001). Through angular momentum loss due to gravitational
radiation, the evolution continues toward even shorter peri-
ods until the system reaches a period minimum located at an
orbital period of Pmin ≈ 80 min (see e.g., Howell et al. 2001;
Patterson 2011; Pretorius et al. 2013; Goliasch & Nelson 2015;
McAllister et al. 2019; Pala et al. 2020, 2022). At the period
minimum, the donor is out of thermal equilibrium because its
mass-loss timescale is much shorter than its thermal timescale,
causing the donor to stop shrinking in response to mass loss
(King 1988). This results in the increase of the system’s orbital
separation and consequently the CV bouncing back to longer
orbital periods. These systems are dubbed “period-bouncers”
(Patterson 1998). The actual contribution from period-bouncers
to the total CV population is highly disputed, with estimations
ranging between 40% and 70% and depending heavily on the
formation and evolution model used as well as the assumptions
made about the system’s parameters (see e.g., Schreiber et al.
2015; Belloni et al. 2020; Pala et al. 2020). However, as a matter
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of fact, only a small number of period-bouncers and candidates
have been observed and identified, mainly from the Sloan Digital
Sky Survey (SDSS; Gänsicke et al. 2009; Littlefair et al. 2008),
and a few of them have been shown to harbor a magnetic WD
that possibly accretes at low rates (see e.g., Schmidt et al. 2005;
Breedt et al. 2012).

The very low-mass donors (late M and L dwarfs) of period-
bouncers have either no coronal X-ray emission or emission that
is extremely weak and hardly detectable with present-day instru-
mentation (Audard et al. 2007; De Luca et al. 2020). Therefore,
the detection of X-ray emission is a key diagnostic of ongoing
mass accretion in the system, and hence it is the most promising
path for the identification of period-bouncers. Another method
for detecting mass accretion relies on the presence of Hα emis-
sion. However, contrary to X-rays, this is not a reliable diagnos-
tic of mass accretion in binaries with M or L dwarfs, since only
upper limits to the mass accretion rate (Ṁacc) can be obtained
due to the possible contribution of the donor’s chromospheric
activity or its irradiation by the WD.

Candidate period-bouncers can also be identified through
an excess of emission in the infrared spectrum over the WD
contribution. Such emission could be produced by a very
late-type donor, one of the key characteristics of these sys-
tems. Since CVs with a magnetic WD typically show a
higher ratio between X-ray flux and optical flux, and thus
higher X-ray luminosity, as they do not present a disk through
which accretion luminosity is dissipated, we narrowed our
search for period-bounce candidates to binaries composed by
a magnetic WD with evidence for a very late-type compan-
ion. Of the few binaries where the presence of a very late-
type companion has been spectroscopically confirmed, so far
four have a magnetic WD. This includes EF Eri and V379 Vir
(also known as SDSS J121209.31+013627.7), which were each
detected as an X-ray source by White (1981) and Burleigh et al.
(2006), respectively, as well as the two siblings of V379 Vir,
SDSS J125044.42+154957.4 and SDSS J151415.65+074446.4
(henceforth SDSS 1250 and SDSS 1514), which have no
X-ray emission reported in the literature. The nature of EF Eri
is, presently, still unclear. Its orbital period locates EF Eri near
the Pmin for CVs, but the presence of a degenerate donor in the
system is still debated. Schwope & Christensen (2010) favored
a degenerate donor based on its estimated J-band brightness
and the semi-empirical donor sequence of Knigge (2006). How-
ever, with Gaia Data Release 3 (DR3), the distance to EF Eri was
revised to a much larger value, increasing the estimated absolute
magnitude of the donor to above the substellar limit and thus
weakening the arguments for a degenerate donor in the system.

Stelzer et al. (2017) detected X-ray orbital modulation on
V379 Vir from a deep XMM-Newton observation, proving that
the system is accreting and thus confirming it as a period-
bounce system of the Polar type. Through modeling of the
X-ray light curve, Stelzer et al. (2017) derived an X-ray lumi-
nosity of ∼3 × 1029 erg s−1 that, assuming a mass of 0.8 M� and
a radius of 7 × 108 cm for the WD, yields a mass accretion rate
in the system of 3.2 × 10−14 M� yr−1. The estimated value for
the wind-driven mass accretion rate in this system is orders of
magnitude too weak to explain the observed accretion rate and
therefore is most likely not the accretion mechanism in the sys-
tem. Additionally, donor stars in CVs are typically oversized as
they are driven out of thermal equilibrium due to mass trans-
fer (Knigge et al. 2011), making Roche-lobe overflow the most
likely accretion mechanism.

However, whether V379 Vir is a typical magnetic period-
bouncer rather than a peculiar system still has to be demon-

strated. To this end, we study the X-ray emission of systems
SDSS 1250 and SDSS 1514, as they are composed of similar
stellar components, namely a cool (∼10 000 K) DA magnetic
WD with a very low-mass companion (late M or L estimated
spectral type). Neither of the systems has been previously
detected in X-ray surveys. We used XMM-Newton with its Euro-
pean Photon Imaging Camera (EPIC) pn detector, which offers
the largest collecting area among existing X-ray instruments.

Most of the confirmed detections of period-bouncers (see
e.g., Patterson et al. 2005; McAllister et al. 2017; Neustroev et al.
2017; Pala et al. 2018; Schwope et al. 2021; Amantayeva et al.
2021; Kawka et al. 2021; Neustroev & Mäntynen 2023) have
occurred through detailed observations of specific sources using
different instruments in the X-ray, optical, and/or infrared bands.
As a result, the sample of period-bouncers with complete and
reliable system parameters is quite small and may not be rep-
resentative of the period-bouncers as a class. With the launch
of the extended ROentgen Survey with an Imaging Telescope
Array (eROSITA; Predehl et al. 2021) onboard the Spektrum-
Roentgen-Gamma mission (SRG; Sunyaev et al. 2021), we are
now able to conduct new studies of the X-ray activity of period-
bouncers. Even though the high sensitivity of instruments like
XMM-Newton is required to identify accreting period-bounce
systems, the enormous statistical samples of faint X-ray sources
being observed by eROSITA are expected to boost the number
of new detections and new identifications among period-bounce
candidates. In this article, we carry out an analysis of the first
detections of X-ray emission from period-bouncers based on the
eROSITA All-Sky surveys, the last of which so far was com-
pleted in winter 2021.

The pilot sample of period-bounce candidates is introduced
in more detail in Sect. 2. For SDSS 1514, we present a dedicated
XMM-Newton observation in Sect. 3. In Sect. 4, we discuss the
detections of period-bounce candidates from this sample in the
source catalogs of eROSITA. Finally, we give our conclusions in
Sect. 5.

2. Sample of period-bounce candidates

The pilot sample of short-period systems that we selected for
our search of X-ray emission is drawn from Breedt et al. (2012).
These systems (i.e., V379 Vir, SDSS 1250, and SDSS 1514) are
composed of a magnetic WD and a presumably very low-mass
donor. The WD has been previously identified as being mag-
netic based on SDSS spectra, specifically from the Zeeman
splitting of the Balmer absorption lines (Schmidt et al. 2005;
Vanlandingham et al. 2005; Külebi et al. 2009). This sample of
candidates also shares some other characteristics, including large
radial velocity variations, variable Hα emission, a ∼10 000 K
WD, and light curves taken with the Catalina Real-time Tran-
sient Survey that show no large-scale variability, eclipses, or high
states.

The system V379 Vir is the only candidate with a near-
IR spectrum where the donor’s photospheric features of spec-
tral type L8 were identified together with the contribution
of cyclotron emission from the magnetic accreting WD
(Farihi et al. 2008). In the absence of spectroscopic evidence,
IR photometry can be used to estimate the donor spectral type
of all three candidates: L5 or later for V379 Vir, estimated by
Schmidt et al. (2005) by comparing the absolute J-band mag-
nitude of the system to observed absolute J-band magnitudes
of L and T dwarfs; L3 or later for SDSS 1514, estimated by
Breedt et al. (2012) from the near-IR excess in the spectral
energy distribution (SED); and M8 for SDSS 1250, estimated by
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Table 1. Relevant properties of our pilot sample of period-bounce
candidates.

Name d(1) Porb SpTcomp BWD
[pc] [min] [MG]

V379 Vir 155 ± 4 88.4(2) L5-L8 7(2)

SDSS 1514 181 ± 8 88.7(3) L3 36(4)

SDSS 1250 132 ± 3 86.3(3) M8 20(4)

Notes. (1)Distances from Gaia-DR3 parallax. (2)Farihi et al. (2008).
(3)Breedt et al. (2012). (4)Külebi et al. (2009).

Steele et al. (2011) by comparing the absolute JH band mag-
nitude of the system to the observed absolute JH band magni-
tudes of M, L, and T dwarfs. At this spectral type, the secondary
of SDSS 1250 would be slightly above the substellar limit on
the donor sequence of Knigge (2006). However, the photometry
used to estimate the donor spectral type was considered uncer-
tain by Steele et al. (2011), making a spectroscopic confirmation
mandatory for this system.

Some relevant system properties are summarized in Table 1.
We identify the candidates by their shortened SDSS name or
variable star designation in the first column of the table. The sec-
ond column of the table reports the distance obtained from the
Gaia-DR3 parallax. The third column shows the orbital period
derived by different authors using the Hα emission line. The
fourth column presents the estimated spectral type of the donor,
as described above, and the fifth column shows the estimated
WD magnetic field strength.

To estimate the individual WD radii and masses, we fitted
WD atmosphere models by Koester (2010) to the SDSS spec-
tra1 of the period-bounce candidates in our pilot sample while
considering values for Teff and log(g) previously reported in
the literature. Because these systems are magnetic WDs, the
Balmer lines cannot be used, and our fits rely solely on the con-
tinuum. Since we selected the appropriate model (Teff , log(g))
beforehand, the fit has a single parameter: the ratio between the
observed flux from the SDSS spectrum and the model surface
flux. This ratio represents the dilution factor, (d/R∗)2, where d is
the distance and R∗ is the stellar radius. From the Gaia-DR3 dis-
tance we could therefore derive the WD radius. From the radius
and an appropriate mass–radius relation, we obtained the WD
mass.

For SDSS 1514 and SDSS 1250, we used the 10 000 K DA
WD spectrum with log(g) = 8.0 corresponding to the param-
eters derived by Breedt et al. (2012) for the two stars from the
same SDSS spectra. With the Gaia-DR3 distances in Table 1,
we obtained a WD radius of 7.0 × 108 cm for SDSS 1514 and of
7.2 × 108 cm for SDSS 1250. From these values, we derive the
WD masses using the mass-radius relation by Nauenberg (1972)
of 0.80 M� and 0.77 M�, respectively.

For V379 Vir, we used a 11 000 K DA WD spectrum
with log(g)=8.0 following the WD temperature obtained by
Burleigh et al. (2006) for the same SDSS spectra and assumed
a log(g) similar to the other candidates in our pilot sample. With
the Gaia-DR3 distance in Table 1, we obtained a WD radius of
8.3 × 108 cm, and from this value, we derived a WD mass using
the mass-radius relation by Nauenberg (1972) of 0.64 M�.

We report that Gentile Fusillo et al. (2021) derived a
WD mass for all three systems in our sample using Gaia
photometry and astrometry to fit stellar parameters. From

1 https://dr9.sdss.org/

Table 2. X-ray count rate and PF from a sine fit for SDSS 1514 EPIC/pn
data in different energy bands.

Energy Band Net source rate PFsine
[keV] label [cts s−1]

0.2–12.0 B 0.0335 ± 0.0013 1.0
0.2–1.0 S 0.0181 ± 0.0009 1.0
1.0–2.0 M 0.0096 ± 0.0006 1.0
2.0–12.0 H 0.0058 ± 0.0006 0.96 ± 0.02

this fitting process, they obtained effective temperatures of
10 668± 444 K, 8057± 1234 K, and 8211± 311 K and a log(g)
of 8.0± 0.1, 7.6± 0.5, and 7.8± 0.1 for V379 Vir, SDSS 1514,
and SDSS 1250, respectively. Using a pure-H atmosphere
model Gentile Fusillo et al. (2021) obtained a WD mass
of 0.62± 0.07 M�, 0.41± 0.20 M�, and 0.48± 0.05 M� for
V379 Vir, SDSS 1514, and SDSS 1250 respectively. The values
for V379 Vir are consistent with the ones applied to the SDSS
spectra. For the other two candidates, the values are consider-
ably lower than the ones we obtained from the SDSS spectra.

3. XMM-Newton observation of SDSS J1514

The observation of SDSS 1514 by XMM-Newton occurred
on January 14, 2020. It had a duration of 41 ks (Obs-ID
0840380201; PI Stelzer) and was performed with all EPIC
instruments (Strüder et al. 2001; Turner et al. 2001) using the
THIN filter, and with the Optical Monitor (OM; Mason et al.
2001) in FAST MODE using the V-band filter.

3.1. X-ray data

The system SDSS 1514 was detected in all EPIC instruments,
giving a net count rate of 0.0042± 0.0004 cts s−1 in the MOS1
and of 0.0121± 0.0011 cts s−1 in the MOS2 cameras. Consider-
ing how faint the source is in the MOS instrument, we limited
the analysis to EPIC/pn, which provides the highest sensitivity
of the EPIC detectors, as can be seen in the net source count
rates presented in Table 2. The data analysis was carried out
with XMM-Newton’s Standard Science Analysis System (SAS)
version 19.1.0. The observation is slightly affected by a flaring
particle background; therefore, we retained only the events for
which the count rate measured over the full detector area ful-
fills RATE≤ 0.6 cts s−1, leaving an exposure time of 37 ks for the
analysis. We filtered the data for pixel patterns (PATTERN≤ 4),
quality flag (FLAG = 0), and events channels (200≤PI≤ 12 000).
Source detection was performed in three energy bands, namely,
0.2–1.0 keV (S), 1.0–2.0 keV (M), and 2.0–12.0 keV (H), using
a customized procedure based on the steps implemented in the
SAS task EDETECT_CHAIN.

For the spectral and temporal analysis we defined a circu-
lar photon extraction region with radius of 30′′ centered on the
EPIC/pn source position. To ensure a homogeneous signal, the
background was taken as the average of three adjacent circu-
lar regions on the same CCD chip, each with a radius of 30′′.
The background subtraction of the light curve was carried out
with SAS task EPICLCCORR, which also corrects for instrumen-
tal effects, on an event list that was previously barycenter cor-
rected using the SAS tool BARYCEN.

The X-ray light curve shows a clear periodic modulation
in all energy bands and a larger amplitude for softer emission,
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Fig. 1. EPIC/pn X-ray light curve of SDSS 1514 in four energy bands
plus the OM V-band light curve. The energy band is indicated in the
upper-left corner of each panel. The bin size is 500 s in all panels. The
X-ray light curves represent the background-subtracted source signal
(black), and background signal (red) is included for comparison.

as can be observed in Fig. 1. The modulation displays an on-
off behavior that is typical for Polars (Cropper 1990). In the
minimum, the count rate drops to approximately zero, suggest-
ing that the area of accretion, presumably the magnetic pole
cap of the WD, is completely occulted. A Lomb-Scargle peri-
odogram analysis of the broad-band light curve yielded a period
of Porb = 87.93 ± 0.30 min. This value and its 1σ error were
derived with a bootstrap approach from 5000 simulated broad-
band light curves that were generated by drawing the count rates
of individual bins randomly from the range defined by the count
rate errors. This period is in good agreement with the published
period derived from the Hα emission (88.7 min; Breedt et al.
2012).

To first approximation, we fitted a sinusoid to the X-ray light
curve of each energy band. We determined the pulsed fraction
(PF) taking into account the uncertainties on the y-offset and
amplitude of the sine curve. The values obtained for the indi-
vidual energy bands (see Table 2) are consistent with the 100%
PF typically observed in Polars (Norton & Watson 1989). The
phase-folded light curve shown in Fig. 2 was obtained using
the High Energy Astrophysics Science Archive Research Cen-
ter (HEASARC) tool EFOLD, which uses an input of 11 phase
bins to calculate a new bin time of 479.61 s corresponding to
the duration of a phase bin in the folded light curve. The folded
light curve more clearly displays the already mentioned on-off
behavior with a faint phase that is slightly longer than the bright
phase.

We used Fig. 2 to constrain the geometry of the system.
Radial accretion at the magnetic pole can be described by the

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Phase

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

Ra
te

 [c
ts

/s
]

Fig. 2. X-ray light curve (EPIC/pn 0.2–12 keV) of SDSS 1514 folded
using the period determined from the X-ray signal. The bin size is
479.61 s.

duration of the faint phase (γ) in fractions of the orbital period,
where the WD is viewed at an angle i to the rotation axis (the
inclination) such that the magnetic pole is located at a colatitude
β (angle between the rotation and the magnetic axis) given by
Cropper (1990) as

β = arctan
( cot i
cos πγ

)
. (1)

We did not see evidence of eclipses in the V-band lightcurve
(Fig. 1), meaning that we could therefore set a rough upper limit
to the inclination of i < 75◦. Considering that we observed occul-
tation in the X-ray light curve, a lower limit was assumed at
i > 10◦ so that the hot spot moved in and out of view due to
the rotation of the WD. Together with the observed duration of
the faint phase (γ = 0.46) determined from the folded light curve
in Fig. 2, we found a range of 65◦ < β < 89◦ for the colatitude of
the magnetic pole using Eq. (1). This result gave us information
about the geometry of the system. For β < 90◦, the accreting pole
is on the same side of the orbital plane as our line of sight. The
high value for β suggests a large misalignment between the rota-
tion axis of the WD and its magnetic field. In Fig. 2, the shape
of the folded X-ray light curve indicates that the rise and decline
to the maximum are approximately of the same duration. This
suggests that the emission region is symmetrical; however, with
the available data we could not discern if the extent is vertical or
lateral.

To constrain the properties of the X-ray emitting plasma,
we fitted the EPIC/pn spectrum of SDSS 1514 using the
X-Ray Spectral Fitting Package (XSPEC; Arnaud 1996). We
performed two separate fits considering, in both cases, a sim-
ple absorber (tbabs), the first with a single-component thermal
model (apec) and the second with a thermal Bremsstrahlung
model (brems). The apec fit was carried out using the abun-
dances from Asplund et al. (2009).

The brems and the apec models provided consistent val-
ues for the X-ray temperature of the system (see Table 3). For
the apec model, we obtained a subsolar abundance that is how-
ever ill-constrained, and its uncertainty also allowed for zero
metallicity. This might be explained by the lack of strong emis-
sion lines at the plasma temperature of about 4 keV as well as
the low S/N ratio of the spectrum, thus justifying the use of a
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Table 3. Best-fit parameters for the XMM-Newton EPIC/pn spectrum of SDSS 1514 and values corresponding to upper and lower 90% confidence
ranges.

Model χ2
red (d.o.f.) NH kT Z Flux Emission measure

[cm−2] [keV] [Z�] [erg cm−2 s−1] [cm−3]

TBABS*APEC 1.03 (27) 1.96.1
0.0 × 1020 3.755.92

2.55 0.040.71
0.0 7.208.41

6.22 × 10−14 2.162.46
1.72 × 1051

TBABS*BREMSS 1.00 (28) 1.66.6
0.0 × 1020 3.846.36

2.38 – 7.218.37
6.18 × 10−14 2.162.66

1.87 × 1051

Notes. The flux is given for the XMM-Newton broadband (0.2–12 keV).
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Fig. 3. Time-averaged EPIC/pn X-ray spectrum of SDSS 1514 with the
apec model and residuals.

pure Bremsstrahlung model. The neutral hydrogen column den-
sity also appeared to be unconstrained and compatible with no
absorption of the source. The range obtained from our spectral
fits for the gas column density fell within the upper limit for the
galactic absorption2 in the direction of SDSS 1514, which is esti-
mated at 2.2×1020 cm−2 (Bekhti et al. 2016). The brems and the
apecmodels yielded a similar χ2

red, and we could not distinguish
between these two models at the statistics of our observation. We
show in Fig. 3 the observed EPIC/pn spectrum together with the
apec model and residuals.

We also performed several apec fits with abundances fixed
at different values and found that this has a negligible influence
on the X-ray flux. Therefore, based on the average flux from
all the different apec fits we performed, we adopted an unab-
sorbed flux of fX = 7.3 × 10−14 erg cm2 s−1 in the 0.2−12 keV-
band. For the 0.1−2.4 keV ROSAT band, the average X-ray flux
is 4.5 × 10−14 erg cm2 s−1. This latter value is in accordance
with the upper limit placed on the X-ray flux by the ROSAT
non-detection at ≤6 × 10−14 erg cm2 s−1 for this energy band
(Breedt et al. 2012). Using the best-fit apec parameters and a
dummy response that covers a broad energy range, we calcu-
lated the bolometric X-ray flux to obtain a bolometric correction
factor of 1.10.

With its Gaia-DR3, distance we determine the bolometric
X-ray luminosity to log(LX) [erg s−1] = 29.5, and from this
value, we derived a mass accretion rate of Ṁacc = 3.3 ×
10−14 M� yr−1, obtained by adopting the WD mass and radius
derived in Sect. 2 for the SDSS spectra of SDSS 1514. A
mass accretion rate of Ṁacc = 9.4 × 10−14 M� yr−1 was
obtained by adopting the WD mass and radius SDSS 1514 from

2 https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/
w3nh.pl

Gentile Fusillo et al. (2021). Similar to the conclusion reached
by Stelzer et al. (2017), the estimated lower limit for the accre-
tion rate in this system is orders of magnitude too high to be
accounted for by a wind-driven mass accretion rate mechanism,
making Roche-lobe overflow the most likely accretion mecha-
nism for SDSS 1514.

Because we are working with magnetic targets, a contri-
bution of cyclotron emission to the overall flux (and therefore
luminosity) of the systems might be present. Cyclotron flux
depends on several parameters, such as the electron tempera-
ture kTe and density Ne, the magnetic field strength, and the
angle between the line of sight and the magnetic field vector (see
Schwope et al. 1990). Hence, even a rough estimate of cyclotron
flux needs assumptions regarding several unknown parameters.
In addition, at low accretion rates, the plasma is likely in a non-
hydrodynamic regime. Thus, such quantification is beyond the
scope of the present work. We instead preferred to report accre-
tion rates for the sources obtained from X-ray data that should
henceforth be taken as lower limits.

The EPIC/pn X-ray count rate in the minimum of the light
curve (0.64 ≤ φ ≤ 1.09) is 0.0083 cts s−1 with a standard devia-
tion of 0.0091 cts s−1, that is, SDSS 1514 is undetected. We pro-
duced an EPIC/pn sensitivity map for the combined time inter-
vals corresponding to the range of phases φ that define this min-
imum. We then multiplied the value of the count rate of this
map at the source position with the rate-to-flux conversion fac-
tor derived from the time-averaged X-ray spectrum. This way,
we obtained the upper limit to the X-ray emission at the orbital
minimum of log LX,min [erg s−1] < 28.3. The coronal emission
of the only two L dwarfs detected in X-rays so far is log LX,min
[erg s−1] < 27.0 (Audard et al. 2007; De Luca et al. 2020). In
other words, we did not obtain any constraints on the L dwarf’s
X-ray emission from this observation.

3.2. Optical data

The V-band photometry acquired with the OM in fast mode
was taken simultaneously with the X-ray observation and was
extracted with the SAS task OMFCHAIN. In addition, the time
series was barycenter corrected.

A Lomb-Scargle periodogram analysis of the V-band did
not yield a significant periodicity, and when folded on the
X-ray period, no phase-related variability was observed. The
system SDSS 1514 is optically faint, and at the time of the obser-
vation, the system was at VOM = 18.92 ± 0.32 mag, which
is about one magnitude above the sensitivity limit of the OM.
The variability for the V-band was obtained by converting the
OM count rates into fluxes using the conversion factor given
in the XMM-Newton SAS user guide3. We used the values for

3 https://heasarc.gsfc.nasa.gov/docs/xmm/sas/USG/
ommag.html
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Table 4. X-ray parameters from the eROSITA merged catalog eRASS:3 for V379 Vir and SDSS 1250 given for the eROSITA single band
(0.2–2.3 keV).

Name Detection Separation Counts Count rate Flux (apec) X-ray luminosity (∗) Mass accretion rate (∗)

likelihood [′′] [cts] [cts s−1] [erg cm−2 s−1] [erg s−1] [M� yr−1]

V379 Vir 44.5 2.2 30.1 ± 6.3 0.08 ± 0.02 (0.75 ±0.13) × 10−13 log(Lbol) = 29.5 5.3 × 10−14

SDSS 1250 19.9 2.9 16.5 ± 4.9 0.05 ± 0.01 (0.46 ±0.12) × 10−13 log(Lbol) = 29.2 1.7 × 10−14

Notes. (∗)Values do not consider potential contributions from cyclotron emission to the X-ray luminosity.

the average flux (fluxavg) and for the maximum flux (fluxmax)
in the light curve to estimate the magnitude change as ∆mag =
−2.5 log10(fluxmax/fluxavg). This gave a variability amplitude of
∆mag = 0.47 mag, or around 2.5%. This percentage is consis-
tent with the variability estimate made by Burleigh et al. (2006)
for the V-band light curve of V379 Vir of about 3%. However,
as can be seen in Fig. 1, the variation in the OM light curve of
SDSS 1514 is not significant, due to the low statistics of the OM
data.

4. eROSITA detections

Four full-sky surveys have been carried out with eROSITA,
namely, eRASS 1 to eRASS 4. Source catalogs from eRASS
data are produced at the Max Planck Institut für extrater-
restrische Physik (MPE) in Garching, Germany, with the
eROSITA Science Analysis Software System (eSASS) described
by Brunner et al. (2022). These catalogs are composed of all
eRASS sources in the western half of the sky in terms of Galac-
tic coordinates, that is, Galactic longitude l ≥ 180◦, which is the
sky area with German data rights.

To obtain the highest sensitivity for detecting the presum-
ably faint period-bounce candidates, we used the merged catalog
eRASS:3 that was generated from summing data from the first
three all-sky surveys. The latest version of the eRASS:3 cata-
log, which was made available to us in December 2022, was
produced with the data processing version 0204. Source detec-
tion was performed in this catalog for a single eROSITA energy
band: 0.2−2.3 keV.

In order to search for the period-bouncers from our pilot
sample in eRASS data, we performed an initial match between
our targets and the Gaia-DR3 catalog. Using the correspond-
ing Gaia-DR3 proper motions, we corrected the coordinates of
the objects to the mean observing date of eRASS:3. Then we
matched them with the eRASS:3 catalog, allowing for a maxi-
mum separation of 30′′. After establishing the closest matches
for our pilot sample, we carried out a visual inspection in a 30′′
radius region around the X-ray source to assure that there where
no other potential optical counterparts. In Table 4, we report
the X-ray parameters obtained from the merged eRASS:3 cat-
alog for the matches of the two period-bouncers with eROSITA
detections, V379 Vir and SDSS 1250. The system SDSS 1514 is
located in the sky area with exclusive Russian eROSITA data
rights, and therefore, it is not included in the eRASS:3 catalog.
As can be seen from Table 4, the sources are faint in the eRASS
surveys, with only tens of counts in the merged data from the
first three eROSITA surveys, yet they are significantly above the
detection likelihood limit of five set for the eRASS:3 merged
catalog.

4 The source catalog used in our work is all_s3_SourceCat1B_
221007_poscorr_mpe_clean.fits (for eRASS:3).

Table 5. Rate-to-flux conversion factors in the eROSITA single band
(0.2–2.3 keV).

CFfake,APEC CFfake,powerlaw

[cts cm2 erg−1] [cts cm2 erg−1]

4.23 × 1011 4.09 × 1011

Notes. On the left is a conversion factor for the simulated spec-
tra obtained using an apec model with kT = 2.62 keV, and on the
right is a conversion factor obtained using a power law model with
Γ = 2.0.

In the eROSITA eRASS:3 catalog, the single band flux was
calculated for a power law model with an index Γ = 2.0 and
a galactic absorption of NH = 3 × 1020 cm−2 (Brunner et al.
2022). Since this spectral model is not appropriate for CVs, we
computed fluxes for an apec model with the help of a sim-
ulation that provided us with the eROSITA conversion factor,
CFeROSITA,APEC, from count rate to thermal flux.

Next, we generated a “fake” spectrum using the FAKEIT
command available in XSPEC together with the eROSITA
response files. We chose an apec model with kT = 2.62 keV,
NH = 2.3 × 1020 cm−2 and an abundance of 0.11 Z�, which are
the values found from the XMM-Newton spectrum for one of
our targets (see Stelzer et al. 2017). We then produced another
simulated eROSITA spectrum for the power law model used
in the eRASS catalogs. From both synthetic spectra, we then
retrieved the flux and the count rate in the single band, using
these values to calculate a CFfake,APEC and a CFfake,powerlaw. The
results are shown in Table 5, where it can be seen that these two
CFs differ by only 3.36%. This result allowed us to derive the
CFeROSITA,APEC from the CFeROSITA,powerlaw used in the eRASS
catalogs. The final values for the apec fluxes for the eROSITA
single band (0.2–2.3 keV), given in Table 4, were calculated
using the catalog count rate and the apec eROSITA conversion
factor as FluxAPEC = Count Rate/CFeROSITA,APEC. Analogous
to the analysis of the XMM-Newton data, the apec parameters
and a dummy response that covers a broad energy range were
used to calculate the bolometric X-ray flux. We obtained a bolo-
metric correction factor of 1.60. With the Gaia-DR3 distances,
we obtained the bolometric X-ray luminosity and mass accre-
tion rate of each of our targets (see Table 4) by using the WD
mass and radius obtained for each object in Sect. 2. By using
the values for the WD masses obtained by Gentile Fusillo et al.
(2021) from Gaia photometry combined with a WD radius from
the Nauenberg (1972) mass–radius relation, we obtained a mass
accretion rate of Ṁacc = 5.5 × 10−14 M� yr−1 for V379 Vir and
of Ṁacc = 3.7 × 10−14 M� yr−1 for SDSS 1250. In the latter
case, the mass accretion rate is more than two time greater than
the value we calculated based on the WD mass from the SDSS
spectra.
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5. Discussion and conclusions

We detected X-ray emission from all three magnetic period-
bouncer candidates. These systems are emitting at a similar level
of Lx ≈ 1029 [erg s−1] and hence displaying similar mass accre-
tion rates under the assumption that the WD mass is similar in
all systems.

In Stelzer et al. (2017), an apec flux value was reported
for V379 Vir in the XMM-Newton broadband (0.2–12.0 keV) of
1.3×10−13 erg cm−2 s−1. Since the X-ray spectra of V379 Vir and
SDSS 1514 are very similar we can use the XMM-Newton spec-
trum of SDSS 1514 analyzed in this paper to estimate the flux
of V379 Vir in the eROSITA band at its XMM-Newton epoch.
In XSPEC, we calculated a flux ratio of 1.76 for SDSS 1514
between the XMM-Newton broadband and the 0.2–2.3 keV-band
used in the eRASS:3 catalog. From this, we inferred the flux
of V379 Vir in the eRASS:3 energy band at the XMM-Newton
epoch to be 7.1 × 10−14 erg cm−2 s−1. A comparison with the
observed eROSITA flux presented in Table 4 for V379 Vir
showed that there is only a 5.7% difference between the two val-
ues, and considering the error bars, the two brightness measure-
ments are consistent with each other, that is, the system’s X-ray
luminosity (averaged over the orbital cycle) did not change on
timescales of a few years.

For two of the three systems, V379 Vir and SDSS 1514,
we found X-ray orbital modulation through the long, sensitive
XMM-Newton observations presented by Stelzer et al. (2017)
and this paper respectively. The fluxes discussed in the previous
paragraph therefore represent time averages over several orbital
cycles. In the case of eROSITA, the flux is the average over three
surveys separated from each other by six months. Within each
survey, V379 Vir and SDSS 1250 were observed between 6 and
11 times for around 20 s–40 s with a gap of approximately 4 h
between the individual exposures, as defined by the scanning law
of eROSITA (see e.g., Predehl et al. 2021). Given the faintness
of the sources, we refrained from performing a search of vari-
ability in the eRASS data.

The X-ray detection of our targets confidently proves that
accretion is taking place. We have thus demonstrated that
X-ray emission is an efficient way of identifying CVs with very
low-mass donors. While the periodic X-ray variability testify-
ing to the accretion geometry requires a high sensitivity that
can only be achieved with dedicated X-ray pointings, we have
shown that the flux limit of the merged data from the eROSITA
surveys is sufficient to provide a weak detection for systems at
distances out to ∼200 pc. A rough projection of the prospects
for a systematic search for period-bouncers in the eRASS:3
catalog can be done using the X-ray flux limit of the survey
and an estimate of the space density of CVs in an exponential
disk.

To this end, we used the fainter eRASS detection among
our pilot sample, SDSS 1250, as a reference point to estimate
the distance limit for period-bouncers of eRASS:3. Using a
detection likelihood of det_ml> 20, which corresponded to the
value for SDSS 1250 (see Table 4), 95% of the sources in the
eRASS:3 catalog have a flux higher than 2 × 10−14 erg cm−2 s−1.
Combined with the “typical” X-ray luminosity of our pilot tar-
gets (1029 erg s−1) this yielded an approximate distance limit of
∼200 pc for eROSITA discoveries of accreting WDs with very
low-mass donors in the merged eRASS 1 to eRASS 3 database.
We caution that this estimate may apply only to magnetic sys-
tems that tend to be X-ray brighter than non-magnetic CVs
(Cropper 1990). On the other hand, our detection likelihood
threshold is very conservative. Values of det_ml= 11 have been

Fig. 4. Gaia color–magnitude diagram showing the position of the
“high-fidelity” WDs from Gentile Fusillo et al. (2021) with a distance
limit of 200 pc (green). The three period-bouncers from our pilot sam-
ple that are also in the Gentile Fusillo et al. (2021) catalog are shown
in red. The Gaia-DR3 sources with Bailer-Jones et al. (2021) distances
are shown in gray as a reference.

shown to define samples with only modest contamination by
spurious sources (Wolf et al. 2021).

A possible starting point in the search of new period-bounce
candidates is the Gaia catalog of WDs by Gentile Fusillo et al.
(2021), which presents a list of approximately 360 000 genuine
WDs and was constructed through a comprehensive selection
based on Gaia magnitudes and colors with consideration for
diverse quality flags. In Fig. 4, we display as a green sample
the “high-fidelity” WDs with distances within the eRASS:3 limit
estimated above.

The “high-fidelity” WDs are objects with a probability of
being a WD, PWD ≥ 0.75, as derived by Gentile Fusillo et al.
(2019) from the position of the objects in the Gaia color–
magnitude diagram compared to the WD density map obtained
from confirmed SDSS WDs. The sample shown in Fig. 4 in
green comprises 91 089 objects. Overlaid are the three period-
bouncers from our pilot X-ray survey (marked in red), all of
which are present in the Gentile Fusillo et al. (2021) catalog.
All three are located in the same area as the Gaia WD subsam-
ple, indicating that the Gaia WD catalog by Gentile Fusillo et al.
(2021) might include further period-bouncers.

In Fig. 4, we present in gray a large sample of Gaia-
DR3 sources to serve as reference. This sample was selected
considering only the sources with a distance obtained by
Bailer-Jones et al. (2021) and a parallax error less than 1% of
the parallax value.

The expected estimated number of period-bouncers within
the eRASS:3 distance limit is determined by the space density of
CVs, which is highly uncertain and ranges from 2 × 10−4 pc−3

(de Kool 1992) to 4.8 × 10−6 pc−3 (Pala et al. 2020). Consider-
ing this, for the space density of period-bouncers in the Galac-
tic midplane, we assumed ρ0 ∼ 10−5 pc−3, which is twice
the value estimated for “normal” CVs from their observed X-
ray luminosity function (Pretorius & Knigge 2012). An expo-
nential vertical density profile with a scale height of 260 pc
for short-period systems (Pretorius & Knigge 2012) then yields
approximately 340 period-bouncers within 200 pc. Since the
eRASS:3 catalog comprises only half of the sky, the actual
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expected number of period-bouncers hidden in this catalog is
around 170. When considering a 450 pc scale height proposed by
Pretorius & Knigge (2012) specifically for period-bouncers, we
obtained approximately 400 period-bouncers within 200 pc with
around 200 period-bouncers that should be found in the eRASS:3
catalog. The number would be lower if the majority of period-
bouncers had a lower X-ray luminosity than the benchmark sys-
tems we studied in this work. However, the theoretically predicted
mass accretion rates (on the order of Ṁacc ∼ 10−11 M� yr−1;
Goliasch & Nelson 2015) are much higher than expected from the
observed LX values, and this suggests that the number of X-ray
detections might be substantially higher than the estimate above.

Considering the all-sky nature of eROSITA’s surveys, this
instrument is ideal for population studies. As we have shown
here, with the detections of V379 Vir and SDSS 1250, the
eRASS data is suitable for searching for new period-bounce can-
didates. Once accretion has been proven in a system through
an X-ray detection, an infrared spectrum should be obtained to
confirm the late spectral type of the donor and thus confidently
verify the system as a period-bouncer. The discovery of more
period-bouncers and the observational characterization of this
object class is expected to provide new impetus for theoretical
studies of binary evolution.
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ABSTRACT

Context. Cataclysmic variables (CVs) with degenerate donors that have evolved past the period minimum are predicted to make up a
great portion of the CV population, namely, between 40% and 80%. However, either due to shortcomings in the models or the intrinsic
faintness of these strongly evolved systems, only a few of these so-called “period-bouncers” have been confidently identified thus far.
Aims. We compiled a multiwavelength catalog of period-bouncers and CVs around the period minimum from the literature to provide
an in-depth characterization of the elusive subclass of period-bounce CVs that will support the identification of new candidates.
Methods. We combined recently published or archival multiwavelength data with new X-ray observations from the all-sky surveys
carried out with the extended ROentgen Survey with an Imaging Telescope Array (eROSITA) on board the Spektrum-Roentgen-
Gamma spacecraft (SRG). Our catalog comprises 192 CVs around the period minimum, chosen as likely period-bounce candidates
based on reported short orbital periods and low donor mass. This sample helped us establish specific selection parameters, which were
used to compile a “scorecard” that rates the likelihood that a particular system is a period-bouncer.
Results. Our “scorecard” correctly assigns high scores to the already confirmed period-bouncers in our literature catalog. It has
also identified 103 additional strong period-bounce candidates in the literature that had not previously been classified as such. We
established two selection cuts based on the X-ray-to-optical flux ratio (−1.21 ≤ log(Fx/Fopt) ≤ 0) and the typical X-ray luminosity
(log(Lx,bol) ≤ 30.4 [erg s−1]) observed from the eight period-bouncers that have already been confirmed with eROSITA data. These
X-ray selection cuts led to the updated categorization of seven systems as new period-bouncers, increasing their known population to
24 systems in total.
Conclusions. Our multiwavelength catalog of CVs around the period minimum drawn from the literature, together with X-ray data
from eROSITA, has resulted in a ∼40% increase in the population of period-bouncers. Both the catalog and “scorecard” we constructed
will aid in future searches for new period-bounce candidates. These tools will contribute to the goal of resolving the discrepancy
between the predicted high number of period-bouncers and the low number of these systems successfully observed to date.

Key words. catalogs – novae, cataclysmic variables – X-rays: binaries

1. Introduction
Cataclysmic variables (CVs) are interacting compact binaries
where a white dwarf (WD) accretes matter from a Roche-lobe
filling, late-type donor (Warner 1995). According to Paczynski
(1976), CVs are the result of a common envelope (CE) phase in
the evolution of the binary, where the envelope of a Roche-lobe
filling, more massive primary star expands enough to engulf the
companion. The envelope is then ejected from the binary, leaving
a post-common envelope binary composed by the evolved core
of the primary (now a WD) and a low-mass companion still on
the main-sequence. At the end of the CE phase the orbital sepa-
ration of the binary system has been significantly reduced due to
friction in the CE that extracts angular momentum and energy
from the system. Once the binary separation is close enough
to allow mass transfer onto the WD, the system morphs into
a CV.

In terms of evolution, all CVs follow a track from longer
orbital periods towards shorter ones driven by angular momen-
tum loss which causes the orbital separation (and thus the orbital
⋆ Full Tables 3 and B.2 are available at the CDS via anonymous

ftp to cdsarc.cds.unistra.fr (130.79.128.5) or via https://
cdsarc.cds.unistra.fr/viz-bin/cat/J/A+A/687/A305

period) of the system to decrease (Paczynski 1976, Kolb 1993,
Warner 1995). For systems with long orbital periods (Porb >
3 h) the dominant angular momentum loss mechanism according
to the “standard model” is magnetic braking, arising from the
stellar wind associated with the secondary’s magnetic activity
(see e.g. Mestel 1968; Verbunt & Zwaan 1981). The evolution of
the CV continues until an orbital period of around 3 h, when the
secondary becomes fully convective and (according to the stan-
dard model) magnetic braking abruptly stops causing a reduced
mass transfer rate in the system. This eventually leads to the sec-
ondary detaching from its Roche-lobe (King 1988; Ritter 1991),
marking the beginning of the “period gap” (3 h ≲ Porb ≲ 2 h),
which contains detached CVs. In the standard model, these CVs
lose angular momentum exclusively as a result of gravitational
radiation (Spruit & Ritter 1983). At the lower boundary of the
gap, the secondary is filling its Roche-lobe once again, thereby
allowing for the re-start of mass transfer in the system (Kolb et al.
1998).

According to this paradigm, the system re-emerges from
the period gap as a short-period CV with angular momen-
tum loss driven exclusively by gravitational radiation (Paczynski
1976). However, the evolutionary track generated by con-
sidering gravitational radiation as the only mechanism of
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angular momentum loss does not comply with observations.
Knigge et al. (2011) showed that in order to reproduce the
observed evolution of short-period CVs, the angular momentum
loss mechanism has to be around 2.5 times stronger than pure
gravitational radiation. The origin and nature of this enhanced
mechanism for angular momentum loss in short-period CVs is
a topic of active discussion, with a wide variety of “recipes”
having been suggested (Politano 1996; Zorotovic et al. 2011;
Wijnen et al. 2015; Belloni et al. 2020). Amongst these pro-
posals, we highlight the empirical model for consequential
angular momentum loss (Schreiber et al. 2016), which appears
to solve several major disagreements among theory and observa-
tions, even though the physical mechanism behind the additional
angular momentum loss is unclear.

Both magnetic and non-magnetic systems can be found
amongst short-period CVs. Magnetic systems, which make up
around one-third of CVs (Wickramasinghe & Ferrario 2000;
Pretorius et al. 2013; Pala et al. 2020), can be further categorized
depending on the strength of their magnetic field into polars,
with B ≥ 10 MG, which suppresses the formation of an accretion
disk forcing the accretion flow to follow the magnetic field lines
(Cropper 1990), and intermediate polars, with 1 ≤ B ≤ 10 MG
and allowing for a vestigial disk to form (Patterson 1994). Mean-
while, accretion remains primarily through the magnetic field
lines.

Short-period CVs, below the period gap, continue to evolve
towards even tighter orbits until the system reaches a period
minimum. At this point the degenerate donor is out of ther-
mal equilibrium due to its mass-loss timescale becoming much
shorter than its thermal timescale, causing the donor to stop
shrinking in response to mass-loss (King 1988). The donor, not
being able to sustain hydrogen burning, becomes a brown dwarf
(Howell et al. 2001). This change in internal structure results in
the increase of the system’s orbital separation and consequently
the CV bouncing back to longer orbital periods. The systems that
go through this process of “bounce-back” to longer periods are
known as period-bouncers (Patterson 1998).

Even though the presence of a period minimum has always
been a defining characteristic of theoretical models describing
CV evolution (Paczynski & Sienkiewicz 1983; Howell et al.
2001; Rappaport et al. 1982; Kolb & Baraffe 1999), evidence
supporting its existence only came with a Sloan Digital Sky Sur-
vey (SDSS) study of CVs by Gänsicke et al. (2009). A period
spike at 80 min ≲ Porb ≲ 86 min was observed providing clear
evidence of a “pile-up” of systems that are slowly evolving
through the period minimum.

One of the key predictions of theoretical models describing
CV evolution is that period-bouncers are expected to make-up
the majority of the CV population. Fractions between 40% and
80% of all CVs should have evolved beyond the period mini-
mum, depending heavily on the formation and evolution model
used as well as the assumptions made about the systems param-
eters (see e.g., Kolb 1993; Goliasch & Nelson 2015; Belloni
et al. 2020). However, from a volume-limited sample study of
CVs by Pala et al. (2020) within 150 pc, the observed fraction
of period-bouncers is only between 7% and 14%; also, to date
there have been fewer than 20 confirmed period-bouncers (see
e.g., Patterson et al. 2005b; McAllister et al. 2017; Neustroev
et al. 2017; Pala et al. 2018; Schwope et al. 2021; Amantayeva
et al. 2021; Kawka et al. 2021; Muñoz-Giraldo et al. 2023).
This under-representation may be due to selection biases against
period-bouncers, as their defining characteristics of being old
and faint CVs with low luminosity and mass transfer make their
detection challenging (Patterson 2011).

Several recent studies suggest dwarf novae as the most likely
source for the missing population of period-bouncers (see e.g.,
Uemura et al. 2010, Kimura et al. 2018). These non-magnetic
CVs are characterized by the presence of an accretion disk
around the WD which can be observationally identified due to
the quasi-periodic changes in brightness known as “outbursts”
(Meyer & Meyer-Hofmeister 1984). Dwarf novae can be further
classified into several sub-classes depending on the behavior of
the outbursts. Furthermore, SU UMa systems are characterized
for not only exhibiting outbursts, but also superoutbursts which
can last up to several weeks (Vogt 1980). An interesting, and use-
ful, property of these superoutbursts is that they are accompanied
with the presence of “superhumps” that originate from donor-
induced tidal dissipation of an eccentric accretion disk in a 3:1
orbital resonance (Whitehurst 1988; Osaki 1989). The period of
these “superhumps”, which is expected to be a few percent longer
than the orbital period (Patterson et al. 2005a), has been estab-
lished to scale with the mass ratio of the system. This makes it an
ideal tool for estimating the masses of the individual components
in the CV (Patterson et al. 2005a; Kato & Osaki 2013).

The vast majority of SU UMa are located below the period
gap, with donors that are usually M-type or later, making it
common to describe the overall short-period non-magnetic CV
population as SU UMa-type objects (Kato et al. 2009 and further
papers in this series). When an SU UMa has been established
through observations to have extremely long outburst recur-
rence times (in the order of years to decades), a very low mass
transfer rate (on the order of 10−11 M⊙ yr−1), or a low-mass
donor, this CV can be further categorized as a WZ Sge system
(Patterson et al. 2002; Kato 2015). In brief, WZ Sge-type CVs
have usually the shortest orbital periods of the overall non-
magnetic CV population and very low mass donors which may
be brown dwarfs (Kato 2022). In fact, the majority of sys-
tems found in the “period spike” are classified as WZ Sge-type
CVs (Gänsicke et al. 2009), which further supports this theory.
This has led to the population of already identified WZ Sge-
type objects being established as a good source for finding new
period-bounce candidates. However, it is important to consider
that these objects are detected primarily through photometric
studies of optical superoutburst light curves. This means that
they are not easily observed in quiescence due to their faint-
ness and, therefore, they have remained largely undetected in
other wavelengths, making a straightforward classification as a
period-bouncer challenging.

Spectroscopic studies using a variety of instruments includ-
ing the Hubble Space Telescope (HST) and SDSS (see e.g., Pala
et al. 2022, Inight et al. 2023b) are also an important source for
period-bounce candidates. Spectra in the ultra-violet (UV) and
optical bands in the case of period-bouncers are strongly domi-
nated by the WD, often with no contribution from the late-type
donor at all. This introduces new possibilities and challenges
in the search for period-bouncers as potential candidates could
be found in single WD catalogs (Inight et al. 2023b) in great
numbers, but it makes it necessary to distinguish between these
systems. Period-bouncers could also be incorrectly categorized
as detached binaries, specially considering the low mass trans-
fer rates that they exhibit (Inight et al. 2021; Schreiber et al.
2023). V379 Vir is a confirmed period-bouncer that was initially
assumed to be a detached binary (Schmidt et al. 2005); however,
it was later proven to be accreting through the detection of orbital
modulation from a deep X-ray observations using XMM-Newton
(Stelzer et al. 2017).

Considering that coronal X-ray emission is not
expected from the very late-type donors of period-bouncers
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(Audard et al. 2007; De Luca et al. 2020), the detection of X-ray
emission is a key diagnostic of ongoing mass accretion in these
systems, which unequivocally distinguishes period-bouncers
from isolated WDs and detached binaries, and hence is the most
promising path for the identification of new candidates. Even
though the high sensitivity of X-ray instruments, such as XMM-
Newton, is useful when identifying accreting period-bounce
systems, the use of all-sky surveys might be more pertinent
for the large-scale search of period-bouncers that is required in
order to bring the number of detected systems up to the expected
values.

With the launch of the extended ROentgen Survey with an
Imaging Telescope Array (eROSITA; Predehl et al. 2021) on
board the Spektrum-Roentgen-Gamma mission (SRG; Sunyaev
et al. 2021) we gained access to large statistical samples of
X-ray sources. The first eROSITA detections of confirmed
period-bouncers (Muñoz-Giraldo et al. 2023) proved the capa-
bilities of this instrument in the study and classification of
such faint sources. This supports its application as a reliable
tool for the identification of new period-bounce candidates.
The X-ray study of period-bouncers with eROSITA will help
us establish the class properties that will aid in the search
for new candidates in the future, with the aim of resolving
the discrepancy between observed and predicted fraction of
period-bouncers.

The main focus of this study is to produce a catalog of
CVs around the period minimum, namely, potential period-
bouncers, which were already discussed in the literature, in order
to characterize in detail the elusive subclass of period-bounce
CVs. To this end, we constructed a literature catalog including
both confirmed period-bouncers and candidates. The inclusion
of confirmed period-bouncers allows us to use their reported
parameters to rate how likely the other candidates are of being
a period-bouncer. This catalog will also provide a reliable obser-
vational data set that could be used for any future theoretical
modelling of advanced CV evolution.

Our literature catalog of period-bounce candidates is intro-
duced in more detail in Sect. 2. We provide specific information
in the selection of candidates, followed by an overview of the
parameter values used from the literature and comments on the
evolution of short-period CVs that can be derived from this infor-
mation. We wrap up Sect. 2 with a discussion on the quality of
the distance values used in the catalog. The process to obtain the
photometry of the systems in the catalog is explained in Sect. 3,
In Sect. 4 we introduce and explain in detail the scorecard we
constructed in order to rate the likelihood a system has of being
a period-bouncer. In Sect. 5, we discuss the eROSITA X-ray
detections of period-bounce candidates from our catalog and we
establish their X-ray characteristics. We present our conclusions
in Sect. 6.

2. Literature catalog of period-bounce candidates

We have compiled a catalog of systems already reported in the
literature that are characterized by being short-period CVs close
to (or already past) the period minimum. This collection of CVs
around the period-bounce constitutes an increase in the number
of compiled systems of about an order of magnitude compared to
earlier studies of period-bounce candidates (Littlefair et al. 2003;
Knigge 2006; Gänsicke et al. 2009; Patterson 2011; Inight et al.
2023b). It also provides a comprehensive overview of what is
currently known of CVs in the short-period regime.

Fig. 1. Donor mass as a function of orbital period for the objects in
our literature catalog of period-bounce candidates. The color and shape
corresponds to the catalogs from which we took the system (and that
are listed in the legend). Two CV evolution tracks from Knigge et al.
(2011) are shown as reference: the standard track considering angular
momentum loss only due to gravitational radiation (blue) and a revised
track that considers enhanced angular momentum loss (orange).

2.1. Candidate selection

We manually went through different databases and individ-
ual papers in order to compile a “unified” catalog of potential
members of the widely elusive subclass of CVs known as period-
bouncers. To this end, we initially selected objects that had a
very low donor mass with an orbital period placing them around
the period minimum or in the post-bounce area. Additionally,
we also included systems that were suggested as good period-
bounce candidates even if they either had no reported orbital
period/donor mass or their literature parameters did not match
our above criteria on donor mass and system orbital period.
Examples of this include systems resembling period-bouncers
when analysing their spectrum (Inight et al. 2023b), optical light
curve (Kimura et al. 2018), WD temperature (Pala et al. 2022),
among others, even if their orbital period or donor mass could
not be determined probably due to sparse or poor quality data.

The data sources we got most of the systems from are
given here, in the order of their dates of publication: Littlefair
et al. (2008), Patterson (2011), Otulakowska-Hypka et al. (2016),
Kimura et al. (2018), Longstaff et al. (2019), Kato (2022), and
Inight et al. (2023b). Henceforth, they are referred to as the “lit-
erature catalogs.” Additionally, we also considered systems that
were studied individually in dedicated articles (see e.g., Savoury
et al. 2012; Beuermann et al. 2021; Kawka et al. 2021; Wild et al.
2022 and Liu et al. 2023). This resulted in a literature catalog
of 192 systems, by far the largest data base of period-bounce
candidates studied to date.

The vast majority of the systems in our catalog, 133 out of
192 candidates, come from photometric studies of dwarf novae
(both SU UMa and WZ Sge-type objects) specifically aimed at
the study of superhumps in their superoutbursts (Otulakowska-
Hypka et al. 2016, Kimura et al. 2018, Kato 2022). This type
of photometric studies are specially relevant for us because they
provide a superhump period for a large number of systems that
can be used to obtain the mass ratio of the system (see Kato
& Osaki 2013 for a comprehensive review of this method), and
therefore yields the mass of the donor for a known WD mass.

The location of the 175 systems that have both orbital period
and donor mass reported in the literature is presented in Fig. 1
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with respect to the period-bounce area predicted from different
tracks for the evolution of CVs by Knigge et al. (2011). The error
bars presented in Fig. 1 represent the range of donor masses mea-
sured for the systems if more than one value was found in the
literature. All of the systems except for one, V1258 Cen, popu-
late the area around the period minimum with a sizeable number
of them located in the post-bounce area. V1258 Cen was pro-
posed as a period-bouncer by Pala et al. (2022) due to its very
low WD temperature, a key characteristic of this type of CV.
However, detailed studies of V1258 Cen rule out this system
as a period-bouncer, considering that it has an orbital period of
128 min (McAllister et al. 2019) and a donor mass of 0.198 ±
0.029 M⊙ (Savoury et al. 2012) which are too large to belong to
a system past the period minimum We decided to keep this sys-
tem in the catalog in order to compare its characteristics to other
systems that are more likely to be period-bouncers. In particular,
V1258 Cen may serve as a check to the scorecard that we define
in Sect. 4.

Our literature catalog contains 17 “bona fide” period-
bouncers. These systems, shown in Table 1, have been classified
in the literature as such because they exhibit several key char-
acteristics of period-bouncers in addition to a spectroscopic or
photometric confirmation of a late-type donor. These confirmed
period-bouncers will be used as a check to the scorecard. In
Col. 4 of Table 1, we anticipate the final score for each of them
according to the analysis we present in Sect. 4. In our scoring
system, a value of 100% is given to systems that have achieved
the maximum possible score. Only two of the confirmed period-
bouncers reach a 100% score, with a minimum score of 64%,
which defines the lower boundary we applied to the full catalog,
as described in Sect. 4.

2.2. Literature values

We aimed to compile a catalog that has as much information
on the period-bounce candidates as possible, including literature
values on the following parameters: name, Gaia-DR3 ID, coor-
dinates (J2000), orbital period (Porb), temperature of the WD
(Teff), mass of the WD (MWD), WD magnetism type, mass of
the donor (Mdonor), spectral type of the donor (SpTdonor), and the
Gaia-DR3 distances given by Bailer-Jones et al. (2021). These
parameters were drawn for the most part from the literature cat-
alogs listed in Sect. 2.1. In the case where no information was
given on some parameters, or an updated value existed, we used
additional references to supplement the catalog. A shortened ver-
sion of our literature catalog is shown in Table B.2 with a brief
description of the columns in Table B.1. In the following, we
specify how we chose them from the literature.

Orbital period, available for 190 systems. The majority of
orbital period values were derived through light curve analysis
from optical surveys (see e.g., Otulakowska-Hypka et al. 2016,
Kato 2022), with a few of them coming from other methods like
radial velocities from Hα emission (see e.g., Breedt et al. 2012,
Pala et al. 2018) or X-ray light curves (see e.g., Stelzer et al.
2017, Muñoz-Giraldo et al. 2023). In the specific instances where
more than one source had a reported orbital period for a given
system, the values were in all cases consistent with each other.
In these cases, we chose to keep the value from the most recent
derivation.

Donor mass, available for 175 systems. Considering that
this parameter has the highest degree of uncertainty as it is rarely
measured directly, when possible, we used two values for each

Table 1. Confirmed period-bouncers in the literature catalog.

Period-bouncer Donor SpT Ref Score (%)

V379 Vir L8 (S) (1) 100
SDSS J15141+0744 L3 (P) (2) 69
PM J12507+1549 M8 (P) (2) 67
SDSS J10575+2759 L5 (P) (3) 85
SDSS J14331+1011 L1 (S) (4) 75
WZ Sge L2 (S) (5) 90
SDSS J10353+0551 L0 (P) (6) 88
SMSS J16063–1000 L2 (P) (7) 70
QZ Lib T (S) (8) 100
GD 552 BD (S) (9) 79
MT Com Very late (P) (10) 76
V455 And L2 (P) (11) 88
V406 Vir L3 (S) (12) 64
BW Scl T (S) (13) 82
EZ Lyn L2 (P) (14) 94
CRTS J12222–3115 L0 (P) (15) 77
V1108 Her L1 (S) (16) 82

Notes. We include the confirmation of a brown dwarf (BD) or late-type
donor in the system through spectroscopy (S) or photometry (P) with
the corresponding reference. The last column refers to the final score
of each system defined in Sect. 4 to estimate their likelihood of being a
period-bouncer.
References. (1) Farihi et al. (2008), (2) Breedt et al. (2012), (3)
McAllister et al. (2017), (4) Santisteban et al. (2016), (5) Harrison
(2015), (6) Southworth et al. (2006), (7) Kawka et al. (2021), (8) Pala
et al. (2018), (9) Unda-Sanzana et al. (2008), (10) Patterson et al.
(2005b), (11) Araujo-Betancor et al. (2005), (12) Pala et al. (2019),
(13) Neustroev & Mäntynen (2023), (14) Zharikov et al. (2013), (15)
Neustroev et al. (2017), (16) Ishioka et al. (2007).

object, often determined from different methods. This allowed
us to obtain a range for the expected mass of the secondary,
illustrated by the error bars in Fig. 1. The majority of the val-
ues come from using the WD mass together with the mass ratio
(q = Mdonor/MWD) determined by either the superhump method
(Kato & Osaki 2013) or the eclipse modeling method (Savoury
et al. 2011). If no value for the WD mass was available, we used
the value of 0.8 M⊙ determined by Pala et al. (2022) as the mean
mass of WDs in CVs.

Spectral type of the donor, available for 38 systems. An
accurate determination of the SpT is particularly relevant for
the study of period-bouncers as the spectral type of the donor
– together with its mass – is the parameter that is both the most
important and the most difficult to determine precisely in a sys-
tem with faint, very-low-mass donor. We used the classifications
that preferably had a spectroscopic (see e.g., Farihi et al. 2008;
Santisteban et al. 2016) or, if not, a photometric confirmation (see
e.g., Amantayeva et al. 2021; Kawka et al. 2021).

White dwarf temperature, available for 80 systems. The
majority of the values come from UV spectroscopy (Pala et al.
2022) and optical photometry (Gentile Fusillo et al. 2021). When
no value was available from either of the methods, we consid-
ered temperatures derived from eclipse modeling or evolutionary
status (see e.g., McAllister et al. 2019; Savoury et al. 2011).

White dwarf mass, available for 47 systems. The major-
ity of the values come from eclipse modeling (see e.g., Savoury
et al. 2011; McAllister et al. 2019) and UV spectroscopy
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(Pala et al. 2022). When neither value was available, we con-
sidered masses derived from gravitational redshift (Neustroev &
Mäntynen 2023) or optical spectroscopy (Muñoz-Giraldo et al.
2023).

White dwarf magnetism type, available for 94 systems.
From broad sample studies (see e.g., Patterson 2011; Belloni
et al. 2020; Pala et al. 2022), which commonly focus on non-
magnetic CVs (as they are better understood and expected to
follow standard evolution tracks), we categorized the systems
present in these studies as non-magnetic. For magnetic CVs, we
used individual references that in most cases identified the mag-
netic nature of the WD from the optical spectra (see, e.g., Breedt
et al. 2012; Kawka et al. 2021).

2.3. Comments on short-period CVs

Considering that our catalog of short-period CVs has a large
population of systems with information about key parameters in
CV evolution, we have used this knowledge to comment on the
observational characteristics of this type of systems.

2.3.1. Evolution tracks

The evolution of CVs, especially in the short-period regime, is
still heavy debated, with theoretical models often clashing with
results from observations. This has led to the development of
several empirical (or semi-empirical) evolution tracks. Knigge
et al. (2011) proposed a semi-empirical donor-based CV evolu-
tion track that, in the short-period regime, relies on a mechanism
for angular momentum loss that is around 2.5 times stronger than
pure gravitational radiation. The difference this change intro-
duces can be easily observed in Fig. 1, where the revised model
(orange line) is characterized by a period-bounce area associ-
ated with longer orbital periods when compared to the standard
theoretical model (blue line). From the 175 systems in our cata-
log of period-bounce candidates that have a literature value for
both the orbital period and the donor mass (shown in Fig. 1), we
notice that short-period CVs seem to be located preferentially
around the revised Knigge et al. (2011) evolution track. Only
a few of the period-bounce candidates reach the short orbital
periods associated with the period minimum of the standard
evolution track, showing that for a given donor mass this track
substantially underestimates the orbital period of the system.
Previous CV studies have already noticed that a revised evolution
model is necessary to reproduce observations (Littlefair et al.
2008; Pala et al. 2017, 2022; McAllister et al. 2019). However,
it is important to note the considerable scatter in the distribu-
tion of the systems at or after the period minimum suggesting
that the unique track of CV evolution might diverge around the
bounce-back area. This scatter has been suggested to be related
with the substantial range of masses that the WD may have
(Howell et al. 2001) as the WD mass in CVs has been proven
to not be constrained by the orbital period (Pala et al. 2022).

2.3.2. WD magnetism

The magnetism of the WD has been considered as a factor that
may affect the evolution of CVs, leading to different evolution
tracks depending on whether the WD is strongly magnetic or
not (Gänsicke et al. 2009; Belloni et al. 2020). In magnetic
CVs magnetic braking is expected to be reduced as the wind
from the donor may be trapped within the magnetosphere of
the WD, causing a difference in the rate of angular momen-
tum loss between magnetic and non-magnetic CVs (Webbink

Fig. 2. Evolution for magnetic and non-magnetic CVs for the 94 systems
in our literature catalog with information about the magnetism of the
WD. Point of period reversal (Mdonor ≈ 0.058 M⊙) is shown by the green
dashed line. The two Knigge et al. (2011) CV evolution tracks from
Fig. 1 are shown as reference.

& Wickramasinghe 2002). However, this difference is expected
to be significantly reduced for short-period CVs as, in the stan-
dard model, gravitational radiation is believed to be the primary
mechanism of angular momentum loss in the system with only
a weak contribution by magnetic braking (Belloni et al. 2020;
Schreiber et al. 2021). The distribution of the 94 systems in
our catalog with information about the magnetism of the WD
support this scenario, considering that we do not observe an
evolution track in Fig. 2 being preferentially populated by either
magnetic or non-magnetic CVs.

What we do observe from Fig. 2 is a clear difference between
the pre- and post-bounce distribution of the magnetic and non-
magnetic CVs. Only two out of the eleven magnetic systems
are clearly past the point of period reversal (Mdonor ≈ 0.058 M⊙;
Knigge et al. 2011) corresponding to ∼ 20% of this population.
On the other hand 34 out of 82 non-magnetic systems are located
in the period-bouncer area accounting for ∼ 40% of this popu-
lation. This implies that non-magnetic CVs are twice as likely
to have evolved past the period minimum than magnetic CVs
which might be taken as a hint for longer evolutionary times
for magnetic CVs. This falls in line with expectations from sim-
ulations, where Belloni et al. (2020) observed a difference of
∼10% between the number of period-bouncers in magnetic and
non-magnetic population, with fewer magnetic CVs managing to
become period-bouncers.

The lack of differentiation between evolution tracks of mag-
netic and non-magnetic CVs, as well as the overrepresentation
of magnetic CVs in the pre-bounce area, could also be explained
by the low number of observed short-period magnetic CVs,
which leads to an incomplete representation of their evolu-
tion track. Magnetic CVs in our catalog account for 10% of
the population, which is considerably fewer than the expected
∼30% (Wickramasinghe & Ferrario 2000; Pretorius et al. 2013;
Pala et al. 2020) obtained in previous CV population studies.
Rather than showing the true picture of magnetic and non-
magnetic short-period CVs, this result evidences a bias of our
catalog towards non-magnetic systems. As already discussed in
Sect. 2.1 the majority of our candidates are dwarf novae, a type
of non-magnetic CV, selected from large photometric studies
that provide both orbital period and mass of the systems. Such
databases are not as readily available for magnetic systems mak-
ing their inclusion into our catalog more challenging as we had to
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Fig. 3. Distribution of the orbital period for 190 systems in our literature
catalog with values from the literature. The vertical green line is an
estimate of Pspike using a Gaussian fit to the distribution of systems with
orbital periods between 77 min and 87 min.

rely on individual papers that often did not include all the param-
eters required. This results in an underrepresentation of magnetic
CVs in our catalog of period-bounce candidates.

2.3.3. Period spike and period minimum

The number density of CVs at a given period is inversely pro-
portional to the rate at which the orbital period evolves (Kolb
1993; Kolb et al. 1998; Kolb & Baraffe 1999), making a pile-up
or “spike” of systems at the period minimum an expected char-
acteristic of CV evolution. This was observed for the first time
by Gänsicke et al. (2009) using 137 CVs from SDSS. The period
“spike” was established to be located in the orbital period range
of 80 min to 86 min corresponding to a significant accumulation
of CVs with Pspike = 82.4±0.7 min.

Figure 3 shows the orbital period distribution for 190 period-
bounce candidates in our catalog with a literature value. The
period “spike” is observed within the expected range of 80 min
to 86 min. We estimated Pspike = 82.4±2.7 min (see green line
in Fig. 3) following the description of McAllister et al. (2019)
who used a Gaussian fit to the distribution of systems with
orbital periods between 77 min and 87min to obtain Pspike =
82.7±0.4 min. Both values are consistent with each other as
well as with the Gänsicke et al. (2009) value. Our estimation for
Pspike is also consistent with the 81.8±0.9 min period minimum
predicted by Knigge et al. (2011) in their revised donor track.

2.4. Distance estimates and limits

To determine the optical properties, and especially the distances,
to the systems we performed a match between our literature cat-
alog and the Gaia-DR3 catalog1. Hereby we checked that the
resulting match coincided with the Gaia-DR3 ID available in
SIMBAD2. Of the 192 systems in our catalog, 159 have avail-
able Gaia-DR3 data. 146 of our candidates have Gaia detections
at different epochs meaning that they have an available parallax
(Gaia Collaboration 2022) that can be used to estimate the
distance to the systems.

1 https://cosmos.esa.int/web/gaia-users/archive
2 SIMBAD stands for Set of Identifications, Measurements and Bib-
liography for Astronomical Data, available at http://simbad.cds.
unistra.fr/simbad

Fig. 4. Comparison between the distance obtained by Bailer-Jones et al.
(2021) and by using the inverse of the parallax.

However, using parallaxes to estimate distances is not a triv-
ial process considering that simply using the inverse of the
parallax introduces biases in the distance estimate which affect
especially systems with large fractional errors (Bailer-Jones
2015; Luri et al. 2018). As can be seen in Fig. 4, the more dis-
tant among the systems from our catalog present large fractional
errors, which are greater than 20% for 49 of our period-bounce
candidates This is not an unexpected result considering that these
systems have on average G ∼ 20.1 mag, making their intrinsic
faintness, which is characteristic of period-bouncers, the most
likely cause for the large uncertainties of their parallaxes (see
Fig. 7 from Lindegren et al. 2021).

In order to avoid the introduction of bias into our calcu-
lation, which would affect 49 of our candidates with a Gaia
parallax value, we chose to use the distance estimates obtained
by Bailer-Jones et al. (2021), specifically the geometric distance
which takes a probabilistic approach that uses a prior constructed
from a three-dimensional (3D) model of our Galaxy to estimate
the distances (see Bailer-Jones 2015 for more information on
this method). Figure 4 illustrates the difference between both
methods used to estimate the distance, showing a significant
disagreement for systems at large distances, where the distance
from the parallax is underestimated with respect to the distances
obtained by Bailer-Jones et al. (2021).

Having an accurate value for the distance is especially rele-
vant for studies like ours considering that many system parame-
ters depend on distance. One example is the magnetic CV EF Eri,
which was considered a good period-bounce candidate because
at an estimated distance of 111 pc the photometry suggested a
brown dwarf donor in the system (Schwope & Christensen 2010).
However, once the distance was revised to 160 pc (Bailer-Jones
et al. 2021), this argument was not valid anymore disqualifying
EF Eri from being a good period-bounce candidate. As EF Eri is
included in our literature catalog, we used it similarly to V1258
Cen, namely, as a check of our score card (in Sect. 4).

3. Photometry

One possible discriminator between period-bouncers and other
CVs regards the IR excess in the composite spectral energy dis-
tribution (SED) of the binary system. We include the IR excess
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as one of the parameters that define our period-bouncer score-
card (Sect. 4). Therefore, we first had to construct the SEDs for
the systems from our literature catalog of period-bounce can-
didates. We used the Tool for OPerations on Catalogues And
Tables (TOPCAT3; Taylor 2005) in order to handle our extensive
catalog. TOPCAT is a JAVA-based interactive graphical viewer
and editor for tabular data that facilities the analysis and manip-
ulation of source catalogues, specially the cross-match between
catalogs.

We performed a cross-match in TOPCAT between our cat-
alog and different photometric surveys covering a wide range
of wavelengths from ultraviolet (UV) to infrared (IR). When
performing the match with the algorithm “sky” we used the
right ascension (RA) and declination (DEC) of each system in
coordinates J2000, allowing for a match radius of 30′′.

We used the following surveys with the latest catalog version
available in TOPCAT: Galaxy Evolution Explorer (GALEX)
general release GR6+7 (Bianchi et al. 2017); Sloan Digital
Sky Survey (SDSS) data release DR16 (Ahumada et al. 2022);
UKIRT Infrared Deep Sky Survey (UKIDSS) Large Area Sur-
vey data release DR9 (Lawrence et al. 2007); Two Micron All
Sky Survey (2MASS) (Skrutskie et al. 2006); VISTA Hemi-
sphere Survey (VHS) data release DR5 (McMahon et al. 2021);
Wide-field Infrared Survey Explorer mission (WISE) (Cutri et al.
2021). After obtaining the best matches for each system using
a 30′′ radius, we carried out a visual check to make sure that
there were no other Gaia sources in the vicinity. We discarded
those multiwavelength matches that most likely do not belong to
our candidate, as they are associated with another Gaia source.
This allowed us to obtain an optimal radius with which at least
94% of the correct matches were retrieved and at maximum one
incorrect match: 4′′ for GALEX (103 correct associations), 4′′
for SDSS (82 correct associations), 1′′ for UKIDSS (27 cor-
rect associations), 2′′ for 2MASS (32 correct associations), 3′′
for VHS (46 correct associations), and 4′′ for WISE (94 correct
associations). The multiwavelength photometry we collected this
way can be found in the online version of our catalog, with the
column descriptions listed in Table B.1.

Using the available photometry for each system, we con-
structed their individual spectral energy distributions (SEDs),
ideally covering wavelengths from UV to IR. These SEDs are
used in Sect. 4 to search for an IR excess and to evaluate whether
it could be attributed to the presence of a very late-type donor.

4. Period-bouncer likelihood

We used the parameters of the candidates reported in the litera-
ture catalog to rate how likely a system is to be a period-bouncer.
In this evaluation we considered ten parameters: spectral type
of the donor, donor mass, orbital period, WD temperature, pho-
tometric colors (UV, optical and IR), optical variability, and IR
excess. We compiled them into a scorecard in which we assigned
different weights to the parameters depending on how relevant
we judged them for confirming a candidate as a period-bouncer.
A summary of the parameters and their respective scores is
presented in Table 2 and is described in detail below.

4.1. Defining the scoring system

To analyze the likelihood of a system being a true period-
bouncer, we assigned numerical scores to each individual param-
eter that we then combined into a final numerical score for
3 https://www.star.bristol.ac.uk/mbt/topcat/

Table 2. Scores assigned for the different parameters.

Points
Spectral type

Spectroscopic


T/L donor 9
M5 or later donor 5
Very late donor 2

Non-spectroscopic


T/L donor 7
M5 or later donor 3
Very late donor 1
Other 0

Donor mass
Mdonor ≤ 0.058 M⊙ 3

0.058 M⊙ < Mdonor ≤ 0.07 M⊙ 1
Mdonor > 0.07 M⊙ 0

Orbital period
Mdonor ≤ 0.058 M⊙ For any Porb 3

Mdonor ≤ 0.07 M⊙


Porb ≈ 80 min 2
Porb > 85 min 1
Porb > 90 min 0

Mdonor > 0.07 M⊙
{

Porb ≈ 80 min 1
Porb > 85 min 0

No mass
{

Porb ≤ 90 min 1
Porb > 90 min 0

WD temperature
Teff ≤ 12 500 K 3

12 500 K < Teff ≤ 14 000 K 1
Teff > 14 000 K 0

Gaia variability
Gvar ≤ 0.2 3

0.2 < Gvar ≤ 0.3 1
Gvar > 0.3 0

Gaia colors
In WD locus 3

Broad WD locus 2
Around main-sequence 0

SDSS colors

u − g ≤ 0.5
{

u − g ≥ 1.25(g − r) − 0.1 3
u − g ≥ 1.25(g − r) − 0.4 1
Other 0

GALEX colors
FUV-NUV ≥ 1 3

1 > FUV-NUV ≥ 0.25 1
FUV-NUV < 0.25 0

IR Colors
T or L donor 3

M donor 1
Other 0

IR excess
No excess/at K-band or longer 3

At J-band or longer 1
Other 0

Notes. See text for full descriptions of each parameter.

each period-bounce candidate. The values obtained from all
individual parameters considered in the scorecard (described in
Sect. 4.2) and the final score are reported in Table 3. The max-
imum number of achievable score points is 36, corresponding
to an object that has the highest score in all ten parameters,
and hence a final score of 100%. However, a considerable num-
ber of candidates did not have enough data to be scored in all
of the parameters making direct comparison between systems
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Table 3. Scorecard for the period-bounce candidates in the literature catalog.

System Parameters from Sect. 4 (%)

SpT MDonor Porb TWD Gvar Gaia SDSS UV IR Excess

V379 Vir 9 3 3 3 3 3 3 3 3 3 100
SDSS J15141+0744 7 0 0 3 1 2 3 3 3 3 69
PM J12507+1549 3 0 0 3 3 3 3 3 3 3 67
...

...
...

...
...

...
...

...
...

...
...

...
EF Eri 0 0 1 3 3 3 – 1 0 1 36
V1258 Cen 0 0 0 3 0 0 – – 0 1 13

Notes. See text for explanations on the different parameters and scores. The full table is available at the CDS.

difficult. To solve this problem, for each individual object, we
re-define the final score of 100% as the maximum number of
points that it would have received if it had the highest likeli-
hood of being a period-bouncer in every parameter for which
it has available data. We then calculated the percentage score
as the ratio between the actual points the system has and its
maximum achievable points. The objects without a percentage
value in Table 3 only had available information for three or fewer
parameters, which was not enough to characterize such an object
as a period-bouncer.

4.2. Defining the scorecard parameters & their scores

We present in Table 2 a summary of the scoring system for each
parameter and we illustrate this point system with Figs. 5 and 6.
Here, the final score achieved by the systems is presented as a
color scale and candidates without enough information to have
received a final score are presented in yellow. To further enhance
the clarity, areas of likelihood are marked by different shape
styles: filled circles for high likelihood (three points), crosses for
medium high likelihood (two points), triangles for medium like-
lihood (one point), and squares for low likelihood (zero points).
The 17 confirmed period-bouncers from Table 1 are highlighted
with black boxes. The assignment of the scores to each parameter
is described here in descending order of relevance:

Spectral type of donor. This parameter holds the most
weight as spectroscopic detection of a late-type donor in the sys-
tem is the ultimate confirmation needed to confidently classify
a system as a period-bouncer. Period-bouncers are characterized
as being CVs with degenerate donors, composed by a WD and
either a T dwarf or a L dwarf companion. We also take into
account systems with a late M type (M5 or later) as this is indica-
tive of a CV slightly before or just at the bouncing point (Knigge
et al. 2011, Kirkpatrick & McCarthy Jr 1994). As was mentioned
before, the spectral type of the donor is probably the hardest sys-
tem parameter to determine in short-period faint CVs. Because
of this we decided to award relatively high partial points to sys-
tems with a late-M type donor, especially considering that most
of them where presented in the literature as a lower limit of the
donor spectral type. Even though a spectroscopic detection is
the preferred confirmation method for a late-type companion in
the system, we also consider photometric data that suggests the
presence of a late-type donor in the system.

Donor mass. A very low donor mass is indicative of a
highly evolved CV even if there is no direct detection of the
donor. In both their standard and revised evolution tracks for
CVs, Knigge et al. (2011) obtained a post-bounce area for CVs

Fig. 5. Donor mass as a function of orbital period for 175 systems in our
literature catalog with available values for both orbital period and donor
mass. The two Knigge et al. (2011) CV evolution tracks from Fig. 1 are
shown as reference. See Sect. 4.2 for explanation of markers and color
scale, as well as the justification of the selection cut lines.

with a donor mass lower than 0.058 M⊙, this limit is shown as
the blue horizontal line in Fig. 5. Systems with slightly higher
donor masses (up to a donor mass of 0.07 M⊙ marked by the red
line in Fig. 5) would be placed right in the bounce area, mean-
ing that these systems are just within range of being called a
potential period-bouncer. When assigning a score to this param-
eter we considered both possible values for the donor mass if
available (see Sect. 2.2 for more information), giving each of the
two donor mass values an individual score. For the overall score
assigned to a system with two reported values for the donor mass,
we considered the average of the two individual scores.

Orbital period. Near the period minimum the orbital period
by itself is not a good diagnostic for evolution in CVs. To use Porb
as a parameter in the scorecard we consider also the score that
each system was given for the donor mass. The clearest example
of this are systems with very low donor masses (≤0.058 M⊙;
Knigge et al. 2011) for which the orbital period does not have
significant incidence as they are all clearly located in the post-
bounce area (see filled circles in Fig. 5). For all other systems,
their scores are assigned judging their proximity to the observed
period minimum of CVs (≈80 min; Gänsicke et al. 2009).

WD temperature. Considering that period-bouncers are the
most evolved systems among CVs, a cool WD temperature
(when not in outburst) is expected with temperatures ≤12 500 K
(blue line in Fig. 6a; Pala et al. 2022). A temperature higher
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Fig. 6. Parameters used in the scorecard to rate the likelihood of a system of being a period-bouncer. See Sect. 4.2 for explanation of markers and
color scale, as well as the justification of the selection cut lines. Panel a: WD effective temperature as a function of orbital period for 80 systems in
our literature catalog with available information. Panel b: Gaia variability as a function of orbital period for 159 systems in our literature catalog
with available information. Panel c: Gaia color–magnitude diagram showing the position of the 145 systems in our literature catalog with available
information. The Gaia-DR3 sources with Bailer-Jones et al. (2021) distances and a parallax error of less than 1% of the parallax value are shown in
gray as a reference. Panel d: SDSS color–color diagram showing the position of the 83 systems in our literature catalog with available information.
Panel e: FUV-NUV color as a function of orbital period for 91 systems in our literature catalog with available information. Panel f: IR color–color
diagram showing the position of the 45 systems in our literature catalog with available information.
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than 14 000K (red line in Fig. 6a) is no longer reflective of
the cool temperature that WDs in period-bouncers are expected
to exhibit, and in the rare cases when the measurement was
carried out during an outbursts, it should not be considered
representative of the true WD temperature.

Gaia variability. As period-bouncers are in the last stage of
CV evolution they are expected to be inactive systems with very
large recurrence times for both outbursts and superoutbursts in
the range of ∼10 000 days (Patterson 2011). For this reason,
unless the period-bouncer is caught in a very rare burst episode,
we expect a lack of optical variability. We used the Gaia G-band
variability defined in Eq. (1) of Guidry et al. (2021), and defined
the selection limits based on the results of Inight et al. (2023a)
for WZ Sge-type CVs. According to their Fig. 36 the Gaia vari-
ability is ≤0.2 for 90% of the objects categorized as WZ Sge in
their sample. This threshold is marked by the blue line in Fig. 6b.
The Gaia variability of ≤0.3, found for 98% of the objects cate-
gorized as WZ Sge in Inight et al. (2023a), are marked by the red
line in Fig. 6b. Similar to the WD temperature, this parameter
can be affected if the system was undergoing an outburst at the
moment of the measurement. For this reason, we also calculated
the G-band variability for Gaia-DR2 and assigned a score only
for the candidates that received the same score points in Gaia-
DR2 and Gaia-DR3, ensuring that their low or high variability
is consistent through time and not reflective of sporadic events.

Gaia colors. In optical wavelengths the highly evolved sec-
ondary of period-bouncers is not expected to be observable.
Therefore, these systems will appear almost identical to an
isolated WD (Santisteban et al. 2018). We divided Fig. 6c in
the following sectors: a WD locus limited by the blue line
(MG ≥ 2.95× (GBP−GRP)+10.83; Jiménez-Esteban et al. 2018),
a more broadly defined WD locus limited by the blue and
red lines (MG ≥ 5 × (GBP − GRP) + 6; Gentile Fusillo et al.
2021), and an area around the main-sequence limited by the
red line.

SDSS colors. We aimed to select areas where isolated WDs
are expected to be found as the preferential location for period-
bouncers. Inight et al. (2023a) plotted a color–color diagram for
CVs with SDSS data and reliable photometry (see their Fig. 16)
which shows the location of different CV types. We selected the
areas where the majority of the Inight et al. (2023a) WZ Sge-type
systems were found with 80% of them located between the blue
horizontal line (u − g ≤ 0.5) and the blue diagonal line (u − g ≥
1.25(g− r)− 0.1) represented by the filled circles in Fig. 6d. 90%
of WZ Sge-type CVs are located between the blue horizontal line
and the red diagonal line (u − g ≥ 1.25(g − r) − 0.4) represented
by the triangles in Fig. 6d.

UV colors. For systems in quiescence, GALEX colors are
a sensitive probe of the effective WD temperature. Patterson
(2011) plotted a sample of dwarf novae (see their Fig. 2)
and determined areas where period-bounce candidates are most
likely to be found. The area occupied exclusively by period
bounce candidates is limited by FUV − NUV ≥ 1 (blue line
in Fig. 6e), while the area up to FUV − NUV ≥ 0.25 (red line
in Fig. 6e) is populated by period-bounce candidates and other
types of CVs. Above the red line in Fig. 6e, Patterson (2011)
found no period-bounce candidates.

IR colors. Several regions in the near-IR color–color dia-
gram were identified by Littlefair et al. (2003) depending on the
donor type that the population of CVs had (see their Fig. 2).

The right part of Fig. 6f is populated by systems with donors
identified as either T-type (bottom right) or L-type (top right),
while M-type donors are found towards the center (see trian-
gles in Fig. 6f). Earlier type donors and other unidentified donor
types are found towards the left part of Fig. 6f, limited by
J − H ≤ 3(H − K) − 0.6 (red line in Fig. 6f). Littlefair et al.
(2003) selected systems with J − H ≤ 3(H − K) − 0.8 (blue line
in Fig. 6f) as candidates for having a degenerate donor.

IR excess. Throughout the evolution of a CV, the compan-
ion star loses so much mass that an originally early-type donor,
with larger IR contributions, develops into a late-type or degen-
erate donor that barely contributes to the IR emission of the
system. Due to the evolved nature of the secondary in period-
bouncers, this very low mass donor is expected to appear as a
very slight or no excess in the IR. We constructed SEDs for the
98 candidates that have enough photometric data, and compared
them to WD models of spectral type DA with pure hydrogen
atmosphere (Koester 2010) using the Virtual Observatory SED
Analyzer (VOSA, Bayo et al. 2008). The main takeaway from
this comparison is the wavelength at which the IR excess sets
in. From the population of 17 confirmed period-bouncers we can
establish that this type of CVs, especially the systems that have
evolved back to periods larger than 90 min, presents IR excess
(from the donor) that starts at relatively long wavelengths asso-
ciated with the K-band or the WISE bands, if they present an
excess at all. Systems close or at the bounce point will have an
excess starting at shorter wavelengths associated with the J-band
(Owens et al. 2023). Pre-bounce CVs are characterized by larger
excess starting at shorter wavelengths (Girven et al. 2011). In
Appendix C we show three SEDs that are representative of the
different types of IR excess described above.

In Table 3, we show the scorecard ratings for the period-
bounce candidates in the literature catalog. Overall, 49 of the
192 systems had information for only three or fewer parameters.
As explained above, we did not assign a score to them and we
exclude them from the following analysis.

Using the final scores of the 17 systems that have been
confidently categorized as period-bouncers and have a spectro-
scopically confirmed late-type donor (see Table 1), we establish
that an object has a high likelihood of being a period-bouncer
if its final score is higher than 60%, considering that the con-
firmed period-bouncer with the lowest score is V406 Vir with
64%. We further divided the remaining candidates as having:
medium-high likelihood (between 45% and 60%), medium-low
likelihood (between 30% and 45%) and low likelihood (lower
than 30%). With scores of 13% for V1258 Cen and 36%
for EF Eri these systems are correctly categorized as objects
with low and medium-low likelihood of being a period-bouncer
respectively. This confirms that our scorecard is functioning sat-
isfactorily as it not only returns high final scores for already
confirmed period-bouncers, but it also returns low values for
potential period-bouncers that have been previously discarded
as good candidates. Additionally, this result shows that a system
cannot be classified as a period-bouncer with only one parame-
ter, and that a multiwavelength approach is necessary to produce
a confident classification.

The differentiation of the candidates according to their final
score results in 103 candidates with a high or medium high like-
lihood of being a period-bouncer, this subsample forms a group
of strong period-bounce candidates. Considering that 17 of these
candidates have already been confidently categorized as period-
bouncers in the literature, this means that there are 86 strong
period-bounce candidates present in the literature without having
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been classified as such. Final confirmation of these systems as
period-bouncers would greatly contribute to the sample size for
this still under-represented class of CVs.

5. eROSITA data

To this day, eROSITA has carried out four full-sky surveys,
named eRASS 1 to eRASS 4. Source catalogs from eRASS
data are produced at Max Planck Institut für extraterrestrische
Physik (MPE) in Garching, Germany, with the eROSITA
Science Analysis Software System (eSASS) described by
Brunner et al. (2022). These catalogs comprise all eRASS
sources in the western half of the sky in terms of Galactic coor-
dinates (Galactic longitude l ≥ 180◦), which is the sky area with
German data rights. Out of the 192 sources in the literature cat-
alog 80 are located in the German eROSITA sky, eight of which
are confirmed period-bouncers listed in Table 1.

5.1. X-ray parameters for the literature sample

To obtain the highest sensitivity for detecting the presumably
faint sources from our literature catalog, we used the merged cat-
alog eRASS:3 which was generated from summing data from the
first three all-sky surveys. The latest version of the eRASS:3 cat-
alog available to us in December 2023 was produced with the
data processing version 0204. Source detection was performed
in this catalog for a single eROSITA energy band, 0.2–2.3 keV.

We choose to work with this eRASS:3 catalog as this was
the version used to compile a catalog of CV candidates, which
we use as a point of comparison with our work. This cata-
log of CV candidates (Schwope et al., in prep.) was produced
from matching eRASS:3 and Gaia sources using NWAY, a soft-
ware for probabilistic cross-matching of catalogs (Salvato et al.
2018). It makes use of a Bayesian prior. This was trained on a
set of 624 known CVs with well-known X-ray and optical prop-
erties. The optical properties used in characterizing the sample
are brightness, color, coordinates, parallax, proper motion, and
variability. The X-ray properties used are position and flux, and
thus implicitly the optical to X-ray flux ratio. The NWAY match
applied to eRASS:3 using the CV prior revealed 11 113 candi-
dates with a CV probability >50%, which are used in this paper
for comparison to the period-bouncer sample. Full details on the
construction of the eRASS:3 sample of CV candidates will be
given by Schwope et al. (in prep.).

We corrected the coordinates of the period-bounce can-
didates in the literature catalog to the mean observing date
of eRASS:3 using their Gaia-DR3 proper motions. We then
matched them with the eRASS:3 catalog, allowing for a max-
imum separation of 30′′ and enforcing for the separation
between optical and X-ray coordinates the condition sepox <
3×RADEC_ERR, where RADEC_ERR is the positional error of
the X-ray coordinates in units of arcseconds. This way we found
that 51 of the 80 period-bounce candidates from the literature
catalog that are in the German eROSITA sky are detected in the
eRASS:3 catalog.

This process was performed allowing for all possible
matches within 30′′. However, each of the 51 detected period-
bounce candidates had only one eRASS:3 match within that
radius. We then carried out a visual inspection using ESAsky5

in a 30′′ radius region around the X-ray source to assure that

4 The source catalog used in our work is
all_s3_SourceCat1B_221007_poscorr_mpe_clean.fits (for eRASS:3).
5 https://sky.esa.int/

there were no other potential optical counterparts. Out of the
51 period-bounce candidates detected in the eRASS:3 catalog,
45 have no other optical source closer to the eRASS X-ray posi-
tion than our target and can therefore be confidently categorized
as a correct match. Two additional eRASS:3 detections were
confirmed as the correct match thanks to previous X-ray detec-
tions (XMM-Newton and Chandra) clearly associated with our
targets. Out of the remaining four eRASS:3 detections, for one of
them the visual inspection revealed an eRASS source at a sepox
that is larger than the maximum of 3 × RADEC_ERR that we
allowed in the automatic match. For the last three there is another
object closer to the eRASS source than our target, such that the
X-ray source could not be securely associated with the period-
bounce candidate. We present in Table A.1 the 51 sources with
an eROSITA detection, where we do not report X-ray param-
eters for the four sources without a reliable association. These
four sources are not considered in the following analysis.

We note in passing that of the 47 systems with safe eRASS:3
detection 31 are detected when using exclusively the first all-sky
survey catalog eRASS 16. The use of the combined catalog from
three surveys, thus, constitutes a significant improvement, which
is not unexpected as our targets are faint and substantially benefit
from deeper X-ray exposure.

We proceeded with our analysis for the 47 systems with
safe eRASS:3 detection, referred to as “eROSITA subsample”,
which includes all eight confirmed period-bouncers located in
the German eROSITA sky. In Table A.1 we present their X-ray
parameters from eROSITA. In Cols. 2–5, we present the separa-
tion sepox, the detection likelihood value (the eRASS:3 catalog
has a minimum detection likelihood of 5.0), the number of net
source counts, and the count rate. The latter two refer to the 0.2–
2.3 keV band used in eRASS:3. The catalogue uses a power-law
model in order to obtain the flux from the count rate. This is not
suitable for CVs which are characterized by a thermal plasma.
Therefore, we converted the catalog flux from a power-law model
to an APEC model using a conversion factor of 1.04 (see Muñoz-
Giraldo et al. 2023 for a more detailed description). Using the
APEC flux (Col. 6 of Table A.1) together with the Gaia DR3
distances given by Bailer-Jones et al. (2021) we obtained the
X-ray luminosity, which was converted into bolometric X-ray
luminosity (Lx,bol) in the band 0.1–12 keV (given in Col. 7) by
multiplication with a factor of 1.6 (Muñoz-Giraldo et al. 2023).
We then calculated the mass accretion rate for each system tak-
ing into consideration if it has a reported value for the WD mass
(see Table B.2). For those systems with a reported WD mass we
used this value together with the WD radius obtained with the
Nauenberg (1972) mass-radius relation. For the systems with-
out a WD mass we used 0.8 M⊙, which is the mean mass of
WDs in CVs (Pala et al. 2022), and the corresponding radius
of 7 × 108 cm from the Nauenberg (1972) mass-radius relation.
Only one system, TCP 1537, does not have a reported Gaia DR3
distance, which prevents us from calculating an X-ray luminosity
and mass accretion rate for this period-bounce candidate.

5.2. X-ray parameter space of period-bouncers

Using the final scores assigned to the confirmed period-bouncers
(see Table 3) together with the X-ray results from eROSITA
(see Table A.1) we can establish two new parameters, X-ray-
to-optical flux ratio (Fx/Fopt) and bolometric X-ray luminos-
ity, that will aid in the future identification of highly likely

6 The source catalog used in our work is the 020 version of
all_e1_SourceCat3B_221031_poscorr_mpe_clean.fits (for eRASS1).
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Fig. 7. X-ray-to-optical flux ratio as a function of Gaia colors show-
ing the position of the 46 systems in our literature catalog found in
eRASS:3. We show in grey as reference a population of CV candidates
found in eRASS:3.

period-bounce candidates from eROSITA data. A possible third
new parameter, the mass accretion rate (Ṁacc), could be used for
cases with known WD mass, considering that using the mean
WD mass and radius gives a distribution indistinguishable from
the one obtained using the X-ray luminosity. As less than half of
the period-bounce candidates with eROSITA data have an indi-
vidually determined WD mass, Ṁacc would not yield additional
information on the sample and we do not use it to define selection
cuts for period-bouncers.

In Figs. 7 and 8, we have placed the eROSITA subsample
in two diagrams combining X-ray and optical data. We compare
the position of this sample with the overall catalog of eROSITA
selected CV candidates (Schwope et al., in prep) introduced in
Sect. 5.1. The eROSITA detected confirmed period-bouncers
from Table 1 are highlighted using black boxes.

Figure 7 presents the X-ray-to-optical flux ratio versus Gaia
color, where the majority of both the overall eROSITA CV can-
didate population and our eROSITA subsample display −1 ≲
log(Fx/Fopt) ≲ 0. This is to be expected in systems with low
mass transfer rate including different CV types such as dwarf
novae, polars and intermediate polars, which make up the bulk
of the observed CV population. Even though this parameter is
not meant to be used on its own to determine new period-bounce
candidates, it serves as an important check that the system does
not display very small values of X-ray-to-optical flux ratio, that
would indicate a system with a very high mass transfer rate (e.g.,
nova-like variables) and thus disqualify the system from being a
period-bouncer.

Figure 8 shows the bolometric X-ray luminosity versus Gaia
color, where we identify a region preferably dominated by
highly likely period-bouncers. In this diagram, the highly likely
period-bouncers from the eROSITA subsample are considerably
differentiated from the overall eROSITA CV candidate popula-
tion displaying a lower bolometric X-ray luminosity of Lx,bol ≈
1030 erg s−1. Together with their relatively blue Gaia color Lx,bol
proves to be a powerful tool for identifying new period-bounce
candidates from eROSITA data, as, compared to most other
CV candidates, probable period-bouncers present both bluer
colors (because they are WD dominated) and lower X-ray lumi-
nosities (because of their low mass accretion rate). Applying

Fig. 8. Bolometric X-ray luminosity as a function of Gaia colors show-
ing the position of the 46 systems in our literature catalog found in
eRASS:3. We show in grey as reference a population of CV candidates
found in eRASS:3. See text for the justification of the selection cut lines.

Fig. 9. Distance from Bailer-Jones et al. (2021) versus bolometric X-
ray luminosity showing the position of the 46 systems in our literature
catalog detected in eRASS:3 with respect to the average eRASS:3 sen-
sitivity limit marked by the red line. We show in black the population of
CV candidates found in eRASS:3, and in grey a subsample of 775 CV
candidates of them that we have selected as period-bounce candidates.

selection cuts based on the upper limits for the X-ray luminos-
ity (log(Lx,bol) ≤ 30.4 [erg s−1]) and Gaia color (GBP − GRP ≤
0.35) exhibited by systems from our catalog that have already
been confirmed as being period-bouncers (see lower left rect-
angle in Fig. 8) separates 971 CV candidates from the rest of
the overall eROSITA CV candidate population. Additionally, we
checked that they are low mass transfer rate systems using the
X-ray-to-optical flux ratio (−1.21 ≤ log(Fx/Fopt) ≤ 0) exhibited
by the confirmed period-bouncers in our catalog, finding that
775 of them fulfill both X-ray criteria defined for confirmed
period-bouncers from eROSITA.

We show in Fig. 9 the relationship between X-ray lumi-
nosity and distance. The red line gives the lower limit for the
eRASS:3 luminosity calculated for the limiting X-ray flux of
2 × 10−14 erg cm−2 s−1 (Muñoz-Giraldo et al. 2023). Two things

A305, page 12 of 19



Muñoz-Giraldo, D., et al.: A&A proofs, manuscript no. aa49358-24

are immediately apparent from Fig. 9. First, at a given luminosity
period-bounce candidates tend to have smaller distances than the
majority of CV candidates. This is expected as period-bouncers
are intrinsically faint. Secondly, for a given distance, our period-
bounce candidates are among the sources with the highest X-ray
luminosity, probably due to (non-X-ray) selection effects of the
literature catalogs they were pulled from. This means that there
might be a significant population of period-bouncers at short
distances with X-ray luminosities lower than the period-bounce
candidates identified in this work but higher than the eRASS:3
limit. These systems have yet to be singled out and studied.

In order to select this missing population of period-bouncers
in eROSITA data we should look into the 775 selected CV can-
didates that are systems with low mass transfer rates as well
as fulfill the selection cuts shown in Fig. 8. These systems are
shown as grey dots in Fig. 9 located fairly close to the luminos-
ity limit in eRASS:3 for period-bouncers (see red line in Fig. 9).

6. Conclusions

One of our main goals in this work has been to establish the
X-ray properties of the class of period-bounce CVs, specifically
using new data from the eROSITA all-sky surveys. We explored
the eRASS:3 catalog with a sample of 17 confirmed period-
bouncers and 175 additional candidates that we compiled from
the literature. We established two selection cuts based on the
X-ray-to-optical flux ratio and the X-ray luminosity observed
from the already confirmed period-bouncers. We found seven
candidates with high likelihood of being a period-bounce sys-
tem according to our multiparameter scorecard within these
X-ray selection cuts (see Cols. 10–12 in Table A.1). This means
that they appear very similar to known period-bouncers in our
multiwavelength study including X-rays. On this basis, we can
confidently suggest seven systems in our literature catalog as
new period-bouncers. Four of these seven systems (LP 731-
60, EG Cnc, SDSS J12160+0520, and HV Vir) had already
been suggested as potential period-bouncers, however, a confi-
dent classification was not evident to us from the literature. The
remaining three systems (1RXS J02323-3718, PM J12192+2049,
and CRTS J10441+2113) were only mentioned in the literature as
WZ Sge-type objects. None of the new period-bouncers have a
detected late-type donor mainly due to the lack of in-depth stud-
ies of these sources. Future detailed spectroscopic studies will
shed more light on their status as period-bouncers.

This new addition of confirmed period-bouncers represents
an increase in the population of some 40%, bringing the num-
ber of this elusive class of CVs to 24 and establishing eROSITA
as a powerful tool for the characterization and identification of
period-bouncers. However, despite this substantial increase of
the known population of period-bounce CVs, it still remains well
below the numbers expected by theoretical models. We foresee
that a further exploitation of eROSITA data might boost the
population number to the predicted levels, especially consider-
ing that the X-ray faint period-bounce population has yet to be
adequately discovered.

In an exploratory study, we tentatively identified a 500 pc
volume-limited sample of potential period-bouncers from the
overall CV population presented in a new eROSITA-selected cat-
alog (Schwope et al., in prep.). The 500 pc boundary is motivated
by the limitation on the accuracy of distance measurements that
can be achieved with Gaia for faint objects (see Fig. 4) and the
eRASS sensitivity limit (Fig. 9).

First, in our catalog of period-bounce candidates, 77 of the
81 systems within 500 pc have a fractional distance error smaller

than 20%, including all 17 confirmed period-bouncers from
Table 1 and all 7 new eROSITA-confirmed period-bouncers.
Secondly, when we take the mean X-ray luminosity of the 8 con-
firmed period bouncers detected in eRASS:3 (log(Lx,bol) = 29.74
[erg s−1]) as a typical X-ray luminosity for this class of objects
the average eRASS:3 flux limit yields a distance limit of 480 pc.
Thus, a rough distance limit of 500 pc seems appropriate for a
meaningful period-bouncer population study.

Within 500 pc, the population of CV candidates from
eRASS:3 is made up of 1770 systems, of which 543 have
been selected as potential period-bounce candidates using our
eROSITA X-ray selection cuts, representing 31% of the overall
CV candidate population. Even though this result would only
place the population of period-bouncers towards the lower end
of the expected by evolutionary CV models (40% to 80%), it
would be an encouraging indicator that more period-bouncers
have not been discovered mainly due to observational constrains
rather than overestimation from CV evolution models.

In the near future, we will seek to systematically uncover the
500 pc sample of period-bouncers. We aim to carry out an in-
depth study of the 81 candidates from the catalog presented in
this work and the 543 new eROSITA CV candidates we selected
as potential period-bouncers using the X-ray selection cuts.

The confirmation or rejection of the systems from this sam-
ple will provide a benchmark for population studies of CVs
around the period-bounce region.
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Appendix B: Abridged literature catalog table

Table B.1 gives a brief description of the columns available in the complete version of our literature catalog. Selected columns
showing system parameters from the literature are given in Table B.2.

Table B.1. Content of the 66 columns in our literature catalog of period-bounce candidates, corresponding to values obtained from the literature
and from photometry.

# Name Unit Description

1 System Object name more commonly used in literature.
2 GaiaDR3 Gaia ID from data release 3.
3 RA deg Right Ascension (J200).
4 DEC deg Declination (J200).
5 Porb h Orbital period of the system.
6 Mdonor_1 M⊙ Donor mass.
7 Method_1 Method used to determine the donor mass:

SH - Superhumps
EM - Eclipse modelling
RV - Radial velocity
GR - Gravitational redshift
SED - SED fitting

8 MassRatio_1 Indicates if the donor mass was obtained from a mass ratio
9 Mdonor_2 M⊙ Donor mass.
10 Method_2 Method used to determine the donor mass.
11 MassRatio_2 Indicates if the donor mass was obtained from a mass ratio
12 SpTdonor Donor spectral type.
13 Method Method used to determine the donor spectral type:

S - Spectroscopic
P - Photometric
M - Assumed from mass value

14 Distance pc Distance to the system from Bailer-Jones et al. (2021).
15 T_WD K WD temperature.
16 M_WD M⊙ WD mass.
17 WDmagnetism Magnetism of the WD.
18 References Literature references for the system.
19 WISE1 mag IR magnitude in WISE1-band.
20 e_WISE1 mag Corresponding magnitude error in WISE1-band.
21 WISE2 mag IR magnitude in WISE2-band.
22 e_WISE2 mag Corresponding magnitude error in WISE2-band.
23 WISE3 mag IR magnitude in WISE3-band.
24 e_WISE3 mag Corresponding magnitude error in WISE3-band.
25 WISE4 mag IR magnitude in WISE4-band.
26 e_WISE4 mag Corresponding magnitude error in WISE4-band.
27 2MASSJ mag IR magnitude in 2MASS J-band.
28 e_2MASSJ mag Corresponding magnitude error in 2MASS J-band.
29 2MASSH mag IR magnitude in 2MASS H-band.
30 e_2MASSH mag Corresponding magnitude error in 2MASS H-band.
31 2MASSK mag IR magnitude in 2MASS K-band.
32 e_2MASSK mag Corresponding magnitude error in 2MASS K-band.
33 UKIDSSY mag IR magnitude in UKIDSS Y-band.
34 e_UKIDSSY mag Corresponding magnitude error in UKIDSS Y-band.
35 UKIDSSJ mag IR magnitude in UKIDSS J-band.
36 e_UKIDSSJ mag Corresponding magnitude error in UKIDSS J-band.
37 UKIDSSH mag IR magnitude in UKIDSS H-band.
38 e_UKIDSSH mag Corresponding magnitude error in UKIDSS H-band.
39 UKIDSSK mag IR magnitude in UKIDSS K-band.
40 e_UKIDSSK mag Corresponding magnitude error in UKIDSS K-band.
41 VHSY mag IR magnitude in VHS Y-band.
42 e_VHSY mag Corresponding magnitude error in VHS Y-band.
43 VHSJ mag IR magnitude in VHS J-band.
44 e_VHSJ mag Corresponding magnitude error in VHS J-band.
45 VHSH mag IR magnitude in VHS H-band.
46 e_VHSH mag Corresponding magnitude error in VHS H-band.
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Table B.1. Content of the 66 columns in our literature catalog of period-bounce candidates, corresponding to values obtained from the literature
and from photometry.

# Name Unit Description
47 VHSKs mag IR magnitude in VHS Ks-band.
48 e_VHSKs mag Corresponding magnitude error in VHS Ks-band.
49 GaiaG mag Optical magnitude in Gaia G-band.
50 e_GaiaG mag Corresponding magnitude error in Gaia G-band.
51 GaiaBP mag Optical magnitude in Gaia BP-band.
52 e_GaiaBP mag Corresponding magnitude error in Gaia BP-band.
53 GaiaRP mag Optical magnitude in Gaia RP-band.
54 e_GaiaRP mag Corresponding magnitude error in Gaia RP-band.
55 SDSSu mag Optical magnitude in SDSS u-band.
56 e_SDSSu mag Corresponding magnitude error in SDSS u-band.
57 SDSSg mag Optical magnitude in SDSS g-band.
58 e_SDSSg mag Corresponding magnitude error in SDSS g-band.
59 SDSSr mag Optical magnitude in SDSS r-band.
60 e_SDSSr mag Corresponding magnitude error in SDSS r-band.
61 SDSSi mag Optical magnitude in SDSS i-band.
62 e_SDSSi mag Corresponding magnitude error in SDSS i-band.
63 SDSSz mag Optical magnitude in SDSS z-band.
64 e_SDSSz mag Corresponding magnitude error in SDSS z-band.
65 GALEXFUV mag UV magnitude in GALEX FUV-band.
66 e_GALEXFUV mag Corresponding magnitude error in GALEX FUV-band.
67 GALEXNUV mag UV magnitude in GALEX NUV-band.
68 e_GALEXNUV mag Corresponding magnitude error in GALEX NUV-band.

Table B.2. Shortened version of our period-bounce candidates catalog showing relevant properties of the systems.

System Porb Mdonor SpTdonor Distance WD Teff MWD WD type References
[h] [M⊙] [pc] [K] [M⊙]

V379 Vir 1.47 0.050 L8 153 10000 0.64 Magnetic 1, 2, 3, 4, 5
SDSS J151415.65+074446.4 1.47 0.082 L3 182 10000 0.80 Magnetic 3, 6
PM J12507+1549 1.44 0.077 M8 131 10000 0.64 Magnetic 6, 3
EF Eri 1.35 0.083 Not late 160 10000 0.90 Magnetic 7, 8
SDSS J105754.25+275947.5 1.51 0.044 L5 355 11500 0.83 Non-magnetic 9, 10
...

...
...

...
...

...
...

...
...

References. (1) Stelzer et al. (2017), (2) Burleigh et al. (2006), (3) Muñoz-Giraldo et al. (2023), (4) Kruckow et al. (2021), (5) Farihi et al. (2008),
(6) Breedt et al. (2012), (7) Schwope & Christensen (2010), (8) Howell et al. (2006), (9) McAllister et al. (2017), (10) Echevarría et al. (2023).
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Fig. C.1. WD fit to the SED of V379 Vir. VOSA marks the excess start-
ing at K-band.

Appendix C: Examples for SED types

We define 3 typical cases for SEDs of pre-bounce CVs, CVs
at the period minimum and post-bounce CVs with the fol-
lowing criteria: excess setting in at wavelengths shorter than
12483Å (J-band) for CVs before the period-bounce, excess set-
ting in at wavelengths between 12483Å and 22010Å (K-band)
for CVs around the period-bounce, and excess setting in at
wavelengths longer than 22010Å for CVs significantly after the
period-bounce.

To determine the onset wavelength of the excess in the SED
we used VOSA, where we fitted a WD model (Koester 2010) to
the SED of each period-bounce candidate in our literature cata-
log initially giving as input a range of ±1000 K around the WD
temperature found in the literature. When necessary, we adjusted
the temperature range to obtain a better fit specifically for the
GALEX points considering that it is in the UV bands where
we get the best constraints on the WD. The final WD temper-
ature and log(g) values used in the fit are reported in the top part
of each figure. We did not consider extinction. VOSA suggests
a point for the beginning of the excess (vertical dashed line in
Figs. C.1, C.2, C.3 and C.4) which, in most cases, we used to
assign the corresponding points in our scorecard. There were a
few cases (see Fig. C.4) where it was clear that the excess starts
at a shorter wavelength, in which case we selected ourselves the
shorter band as the point of beginning of the excess.

We use 4 different systems from our catalog to illustrate dif-
ferent SED cases. V379 Vir (Fig. C.1), with an excess starting at
the K-band, is a confirmed magnetic period-bouncer with a spec-
troscopically detected L8 donor (Farihi et al. 2008). V406 Vir
(Fig. C.2), with an excess starting at the K-band, is a confirmed
non-magnetic period-bouncer with a spectroscopically detected
L3 donor (Pala et al. 2019). CRTS J122221.6-311525 (Fig. C.3),
with an excess starting at the WISE1-band, is a confirmed non-
magnetic period-bouncer with a photometrically detected L0
donor (Neustroev et al. 2017). EF Eri is an already confirmed pre-
bounce magnetic system with an excess starting in the J-band
(Fig. C.4).

Magnetic systems, like V379 Vir and EF Eri, are expected
to present cyclotron humps (Wickramasinghe 1988). From com-
paring Figs C.1 and C.2, a clear increased emission between
21000Å and 46000Å can be observed in the SED of V379 Vir
most likely due to cyclotron humps. However, even when consid-
ering this additional feature, the IR excess in V379 Vir still starts
at the K-band as expected for period-bouncers. EF Eri, a known
magnetic pre-bounce systems, also presents cyclotron humps in
the SED but associated with shorter wavelengths that lead to IR

Fig. C.2. WD fit to the SED of V406 Vir. VOSA marks the excess start-
ing at K-band.

Fig. C.3. WD fit to the SED of CRTS J122221.6-311525. VOSA marks
the excess starting at WISE 1 band.

Fig. C.4. WD fit to the SED of EF Eri. VOSA marks the excess starting
at WISE 1 band, but it is clear to us that it starts at J-band.

excess starting at J-band, marking the system as not a period-
bouncer.
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