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Two primary energy sources in accreting WDs:  
  
- Accretion disk, boundary layer (BL), corona (DN) 

- Nuclear fusion of H/He on WD surface (SSS or post-nova SSS phase)

Broad classification of accreting WDs

Non-magnetic Magnetic• Supersoft Sources (SSSs) 
• Nova-like variables 
• Dwarf Novae (DN) 
• Classical Novae (CN) phenomena 
     …..

• Polars 

• Intermediate Polars (IP)

• White Dwarfs (WDs) are the final stage of the evolution of low and intermediate-mass stars . 

• Binary system: WD accretes material from a companion star (Roche-lobe overflow/stellar wind).

Mstar ≲ 8 ∼ 10 M⊙

Image credit: space-art.co. uk / Mark. A. Garlick Image credit: space-art.co. uk / Mark. A. Garlick

Accreting White Dwarfs
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Rare type of Cataclysmic Variables

• AM CVn stars are ultra-compact binaries, where a WD accretes material from a helium-dominated, Roche-lobe-
filling donor. The orbital period of these systems lies in the 5.4–67.8 minutes range (for recent reviews, see Solheim 
2010; Ramsay et al. 2018). 

• CVs that have evolved past the period minimum during their lifetimes are predicted to be systems with a brown 
dwarf donor. So called «period-bouncers» CVs (e.g., Paczynski 1976). 

• Less than ~ 20 - 40 objects are reported in the literature. 

Image credit: ZTF/Caltech
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A Joint SRG/eROSITA + ZTF Survey

Image credit: IKI, MPA

(a) RU Consortium of SRG/eROSITA (Galactic 0  < l < 180 ; b > 10 ): 

• Field A: 600  

• Field B: 600 
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A Joint SRG/eROSITA + ZTF Survey

Image credit: IKI, MPA

Image credit: ESA/Gaia/DPAC

(b) Crossmatch with Gaia DR3 

• Only Galactic sources, just above the WD track on the HR 
diagram 

• High X-ray to optical ratio Fx/Fopt 

(a) RU Consortium of SRG/eROSITA (Galactic 0  < l < 180 ; b > 10 ): 

• Field A: 600  
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A Joint SRG/eROSITA + ZTF Survey

Image credit: IKI, MPA

Image credit: ZTF/Caltech

Image credit: ESA/Gaia/DPAC

(b) Crossmatch with Gaia DR3 

• Only Galactic sources, just above the WD track on the HR 
diagram 

• High X-ray to optical ratio Fx/Fopt 

(c) Crossmatch with Zwicky Transient Facility (ZTF): 

• Caltech proprietary data included 

(a) RU Consortium of SRG/eROSITA (Galactic 0  < l < 180 ; b > 10 ): 

• Field A: 600  

• Field B: 600 

∘ ∘ ∘

deg2

deg2
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Results on Field A

• Nine CV candidates were selected above the WD region 
on the HR diagram.

• We undertook optical spectroscopic follow-up 
observations with the 10m Keck I telescope using the 
Low-Resolution Imaging Spectrometer and the 5m Hale 
telescope using the Double Spectrograph (DBSP).

HR diagram with Gaia sources within 100 pc with significantly 
measured parallaxes (black color) (parallax_over_error > 3, Gaia 
Collaboration et al., 2023). Red dots: CV candidates found in Field A.

• Five out of nine objects are confirmed to be new CVs.

• Additional photometric follow-up was performed with 
Caltech High-speed Multi-color camERA (CHIMERA) 
and 1.5m RTT-150 (TUBITAK observatory). 
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SRGeJ045359.9+622444

• High ratio of X-ray flux to optical flux  . 

• Lack of optical outbursts in ZTF light curves. 

• Distance to the object ~240 pc.

FX /Fopt ≈ 0.12

HEA and Cosmology in the era of all-sky surveys, 7–11th October 2024 Arxiv: 2306.13133



False-colour X-ray image of SRGeJ0453 in the 0.3–2.3 keV energy 
band from combined data of four all-sky surveys of SRG/eROSITA. 

Composite optical image around SRGeJ0453 based on RTT-150/
TFOSC data. A pseudo-colour image was composed using gri filters. 
The magenta circle:  R98 = 5.6’’.

SRGeJ045359.9+622444

• ~40 optical sources, only 1 X-ray source

HEA and Cosmology in the era of all-sky surveys, 7–11th October 2024 Arxiv: 2306.13133



Optical light curves and period determination

• We observed SRGeJ0453 with the 1.5m RTT-150 
(TUBITAK observatory) and high-speed photometry using 
the Caltech High-speed Multi-color camERA (Palomar 
Observatory). 

• The light curve shows low-amplitude ( ) 
flickering, possibly caused by an accretion disk. During 
eclipses, the light curve shows deep dips ( ). 

• The orbital period of SRGeJ0453 is ~55 minutes. 

≈ 0.1 − 0.3m

≈ 3m

HEA and Cosmology in the era of all-sky surveys, 7–11th October 2024 Arxiv: 2306.13133



(A) ZTF light curves on g, r filters. (B) The phase-folded CHIMERA r and g filter data. (C) Keck I /LRIS phase-averaged optical spectrum.

(A)

(B)

Porb(min) ≈ 55

• The optical spectrum of SRGeJ0453 shows common features of AM CVn systems: a blue continuum with prominent He 
lines and an absence of H lines. 

• Optical spectroscopy suggests that the donor star of SRGeJ0453 could have initially been a He star or a He white dwarf. 

• SRGeJ0453 is the ninth eclipsing AM CVn system published to date. 

(C)

First SRG/eROSITA-discovered AM CVn: SRGeJ045359.9+622444

(C)

HEA and Cosmology in the era of all-sky surveys, 7–11th October 2024 Arxiv: 2306.13133



X-ray spectrum of SRGeJ045359.9+622444

• The X-ray light curve shows the variability within four sky 
surveys of SRG/eROSITA. 

• X-ray luminosity (0.3-2.3 keV):  erg/s. 

• Accretion rate: . 

• The approximation of the X-ray spectrum of SRGeJ0453 
by the power-law model gives a photon index of . 

• The X-ray spectra of several IPs and polars are 
approximated by a photon index , and nonmagnetic 
systems by  (e.g., Galiullin & Gilfanov 2021). 

≈ 6 × 1029

≈ (2 − 10) × 10−12 M⊙/yr

Γ ∼ 1

Γ ∼ 1
Γ ∼ 2

HEA and Cosmology in the era of all-sky surveys, 7–11th October 2024 Arxiv: 2306.13133



Position of SRGeJ0453 in the Gaia HR diagram

• Position of SRGeJ0453 in the 100 pc Gaia HR diagram 
alongside previously known AM CVn systems with a 
significant Gaia parallax (parallax_over_error > 3). The 
nonoutbursting population occupies distinct portions of 
the phase space. 

• How many AM CVns do we expect in the Milky Way?

HEA and Cosmology in the era of all-sky surveys, 7–11th October 2024 Arxiv: 2306.13133
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SRGeJ041130.3+685350

• High ratio of X-ray flux to optical flux  . 

• Lack of optical outbursts in ZTF light curves. 

• Distance to the object ~324 pc.

FX /Fopt ≈ 0.60

HEA and Cosmology in the era of all-sky surveys, 7–11th October 2024 Arxiv: 2306.13133
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Figure 1. Left: False-colour X-ray image of SRGeJ0411 in the 0.3–2.3 keV energy band from combined data of four all-sky surveys of SRG/eROSITA. The 
image was smoothed with a 15 ′′ Gaussian kernel. The white box shows the field of view of the optical image on the right. Right: Composite optical image around 
SRGeJ0411 based on RTT-150/TFOSC data. A pseudo-colour image was composed using gri filters. The magenta circle with a radius of 3.3 ′′ (98 per cent 
localization error, R98) is centred at the X-ray position of SRGeJ0411. 

Figure 2. ZTF light curves of SRGeJ0411 in g and r filters: long-term (top), 
and folded at the 97.5 min orbital period (bottom). No significant outbursts 
are seen o v er the ≈5 yr-long baseline. 

(i) Low-Resolution Imaging Spectrometer (LRIS) spectroscopy: 
We obtained an identification spectrum of SRGeJ0411 on the Keck I 
telescope using the LRIS (Oke et al. 1995 ) on 2023 January 15 (UT). 
We used a 1.0 ′′ slit, and the seeing during the portion of the night 
was approximately 0.7 ′′ , leading to minimal slit losses. 

(ii) Double Spectrograph (DBSP) spectroscopy: We obtained 
phase-resolved spectroscopy using the DBSP (Oke & Gunn 1982 ) 
on the Hale telescope on 2023 March 27. We used the 600/4000 
grism on the blue side and the 316/7500 grating on the red side. 
A 1.0 ′′ slit was used, and the seeing throughout the observation 
varied between 1.0–1.2 ′′ , leading to some slit losses. That night, 
all exposures were forced to be taken at an ele v ation belo w 45 ◦
(corresponding to airmass ≈ 1.4) as the object was quickly setting. 
All P200/DBSP data were reduced with DBSP-DRP . 2 , a PYTHON - 
based pipeline optimized for DBSP built on the more general 
PypeIt pipeline (Prochaska et al. 2020 ). All data were flat fielded 
sky-subtracted using standard techniques. Internal arc lamps were 
used for the wavelength calibration and a standard star for overall 
flux calibration. 

(iii) Caltech HIgh-speed Multicolour camERA (CHIMERA) 
high-speed photometry: We acquired high-speed photometry in r 
and g bands using the CHIMERA (Harding et al. 2016 ) on two 
occasions. We are clearly able to identify eclipses in all CHIMERA 
data sets, but it may be difficult to interpret out of eclipse variability. 
Seeing was abnormally poor on each night: 3 ′′ on 2023 February 17 
and 18. We show all individual light curves and the combined light 
curve in Fig. 3 . 

(iv) Russian–Turkish Telescope (RTT-150): We performed 
SRGeJ0411 photometry with the 1.5-m RTT-150. The resolution 
element is 0.65 ′′ at 2 × 2 binning. Three sets of observations in 
the white filter with a duration of two hours per night were carried 
out on 2023 September 1, 6, and 8. The weather was clear, and 
the average seeing was 1.5–2.0 ′′ . The time resolution was 55 s in 
all sets of observations (with exposure time of 30 s and readout 
time of 25 s). The photometry of SRGeJ0411 was calibrated to the 
Gaia G band, taking into account the Gaia BP-RP colour correction 
(systematic shift of −0.25 m relative to nearby stars). Fig. 1 (right 
panel) shows the optical image near SRGeJ0411 from RTT-150 data. 
On September 11, we obtained additional 3 × 300 s frames in griz 
2 https:// dbsp-drp.readthedocs.io/ en/ stable/ index.html 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/528/1/676/7511123 by guest on 09 August 2024



SRGeJ041130.3+685350
678 I. Galiullin et al . 

MNRAS 528, 676–692 (2024) 

Figure 1. Left: False-colour X-ray image of SRGeJ0411 in the 0.3–2.3 keV energy band from combined data of four all-sky surveys of SRG/eROSITA. The 
image was smoothed with a 15 ′′ Gaussian kernel. The white box shows the field of view of the optical image on the right. Right: Composite optical image around 
SRGeJ0411 based on RTT-150/TFOSC data. A pseudo-colour image was composed using gri filters. The magenta circle with a radius of 3.3 ′′ (98 per cent 
localization error, R98) is centred at the X-ray position of SRGeJ0411. 

Figure 2. ZTF light curves of SRGeJ0411 in g and r filters: long-term (top), 
and folded at the 97.5 min orbital period (bottom). No significant outbursts 
are seen o v er the ≈5 yr-long baseline. 

(i) Low-Resolution Imaging Spectrometer (LRIS) spectroscopy: 
We obtained an identification spectrum of SRGeJ0411 on the Keck I 
telescope using the LRIS (Oke et al. 1995 ) on 2023 January 15 (UT). 
We used a 1.0 ′′ slit, and the seeing during the portion of the night 
was approximately 0.7 ′′ , leading to minimal slit losses. 

(ii) Double Spectrograph (DBSP) spectroscopy: We obtained 
phase-resolved spectroscopy using the DBSP (Oke & Gunn 1982 ) 
on the Hale telescope on 2023 March 27. We used the 600/4000 
grism on the blue side and the 316/7500 grating on the red side. 
A 1.0 ′′ slit was used, and the seeing throughout the observation 
varied between 1.0–1.2 ′′ , leading to some slit losses. That night, 
all exposures were forced to be taken at an ele v ation belo w 45 ◦
(corresponding to airmass ≈ 1.4) as the object was quickly setting. 
All P200/DBSP data were reduced with DBSP-DRP . 2 , a PYTHON - 
based pipeline optimized for DBSP built on the more general 
PypeIt pipeline (Prochaska et al. 2020 ). All data were flat fielded 
sky-subtracted using standard techniques. Internal arc lamps were 
used for the wavelength calibration and a standard star for overall 
flux calibration. 

(iii) Caltech HIgh-speed Multicolour camERA (CHIMERA) 
high-speed photometry: We acquired high-speed photometry in r 
and g bands using the CHIMERA (Harding et al. 2016 ) on two 
occasions. We are clearly able to identify eclipses in all CHIMERA 
data sets, but it may be difficult to interpret out of eclipse variability. 
Seeing was abnormally poor on each night: 3 ′′ on 2023 February 17 
and 18. We show all individual light curves and the combined light 
curve in Fig. 3 . 

(iv) Russian–Turkish Telescope (RTT-150): We performed 
SRGeJ0411 photometry with the 1.5-m RTT-150. The resolution 
element is 0.65 ′′ at 2 × 2 binning. Three sets of observations in 
the white filter with a duration of two hours per night were carried 
out on 2023 September 1, 6, and 8. The weather was clear, and 
the average seeing was 1.5–2.0 ′′ . The time resolution was 55 s in 
all sets of observations (with exposure time of 30 s and readout 
time of 25 s). The photometry of SRGeJ0411 was calibrated to the 
Gaia G band, taking into account the Gaia BP-RP colour correction 
(systematic shift of −0.25 m relative to nearby stars). Fig. 1 (right 
panel) shows the optical image near SRGeJ0411 from RTT-150 data. 
On September 11, we obtained additional 3 × 300 s frames in griz 
2 https:// dbsp-drp.readthedocs.io/ en/ stable/ index.html 
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False-colour X-ray image of SRGeJ0453 in the 0.3–2.3 keV energy 
band from combined data of four all-sky surveys of SRG/eROSITA. 

Composite optical image around SRGeJ0453 based on RTT-150/
TFOSC data. A pseudo-colour image was composed using gri filters. 
The magenta circle:  R98 = 3.3’’.
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• The optical spectrum of SRGeJ0411 shows prominent hydrogen and helium emission lines, typical for CVs.

Keck I/LRIS optical spectrum of SRGeJ0411. Grey lines are locations where there are telluric features from the Keck Telluric Line List. 

97-min eclipsing period bouncer 681 

MNRAS 528, 676–692 (2024) 

Figure 6. Keck I/LRIS optical spectrum of SRGeJ0411. Grey lines are locations where there are telluric features from the Keck Telluric Line List. Gre y box es 
indicate Pan-STARRS photometry, which differ from the synthesized photometry (magenta circles) to within 10 per cent, likely due to intrinsic source variability. 
In red, we show the model spectrum of a WD + a 2900 K donor star if the system were a pre-bounce CV at P orb = 97.5 min at the distance of SRGeJ0411. Since 
a disc and/or a bright spot would only contribute more flux, this plot, in conjunction with the known period or SRGeJ0411, is sufficient to confirm its nature as 
a period bouncer (see subsection 3.2.1 for more details). In cyan, we show the model spectrum of a WD + a donor star ( T eff, donor ≈ 1800 K, R donor = 0.11 R ⊙), 
where donor parameters are computed from SED modelling (see subsections 3.3.2 ). For both model spectra (red and cyan), WD parameters are also computed 
from SED modelling. 
being a pre-bounce ‘evolved CV’ system. Systems like this, before 
their period bounce, have donors that dominate the optical spectrum 
and are hotter than M dwarfs (El-Badry et al. 2021 ). 
3.2.2 Phase-avera g ed spectrum 
We analysed the average of all spectra taken on 2023 March 27 
with P200/DBSP, which co v er an entire orbit (with approximately 
a 10 per cent gap due to read-out time). Table 2 shows equivalent 
widths (EWs) for prominent lines identified in the optical spectrum 
of SRGeJ0411, which we calculate from the averaged spectrum. 

We do not detect high-ionization lines such as He II 4685.7 Å
and the C III /N III Bowen blend at 4650 Å, which are thought to 
originate in the accretion column of magnetic CVs (e.g. Oliveira 
et al. 2017 ). The upper limit (3 σ ) for the EW ratio HeII / H β
is 0.04. This suggests that based on this criterion alone (Silber 
1992 ), SRGeJ0411 is not a CV with a strong magnetic field (i.e. 
a polar). Ho we ver, the possibility to be an intermediate polar may 
be discussed (see Section 4 for more details). We also do not detect 

Table 2. EWs of selected lines. 
Line ( Å) DBSP 27 Mar. EW ( Å) 
Emission features 
H α 6562.8 − 112.5 ± 0.5 
H β 4861.3 − 47.7 ± 0.5 
H γ 4340.5 − 17.5 ± 0.6 
H δ 4101.7 − 2.5 ± 0.4 
H ϵ 3970.1 − 2.1 ± 0.6 
He I 4471.4 − 4.8 ± 0.2 
He I 5876.5 − 19.8 ± 0.4 
He I 6678.2 − 7.1 ± 0.6 
He I 7065.2 − 4.6 ± 0.7 
He I 7281.4 − 4.5 ± 0.6 
He II 4685.7 − 1.4 ± 0.7 

any emission or absorption lines from a donor star or disc typically 
seen in CVs such as the Ca II triplet (8498, 8542, 8662 Å), the 
Na I doublet (8183, 8195 Å), or any TiO headbands seen in pre- 
bounce donors (e.g. Hellier 2001 ; Szkody et al. 2002 ). This lack 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/528/1/676/7511123 by guest on 09 August 2024

SRGeJ041130.3+685350
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Figure 1. Left: False-colour X-ray image of SRGeJ0411 in the 0.3–2.3 keV energy band from combined data of four all-sky surveys of SRG/eROSITA. The 
image was smoothed with a 15 ′′ Gaussian kernel. The white box shows the field of view of the optical image on the right. Right: Composite optical image around 
SRGeJ0411 based on RTT-150/TFOSC data. A pseudo-colour image was composed using gri filters. The magenta circle with a radius of 3.3 ′′ (98 per cent 
localization error, R98) is centred at the X-ray position of SRGeJ0411. 

Figure 2. ZTF light curves of SRGeJ0411 in g and r filters: long-term (top), 
and folded at the 97.5 min orbital period (bottom). No significant outbursts 
are seen o v er the ≈5 yr-long baseline. 

(i) Low-Resolution Imaging Spectrometer (LRIS) spectroscopy: 
We obtained an identification spectrum of SRGeJ0411 on the Keck I 
telescope using the LRIS (Oke et al. 1995 ) on 2023 January 15 (UT). 
We used a 1.0 ′′ slit, and the seeing during the portion of the night 
was approximately 0.7 ′′ , leading to minimal slit losses. 

(ii) Double Spectrograph (DBSP) spectroscopy: We obtained 
phase-resolved spectroscopy using the DBSP (Oke & Gunn 1982 ) 
on the Hale telescope on 2023 March 27. We used the 600/4000 
grism on the blue side and the 316/7500 grating on the red side. 
A 1.0 ′′ slit was used, and the seeing throughout the observation 
varied between 1.0–1.2 ′′ , leading to some slit losses. That night, 
all exposures were forced to be taken at an ele v ation belo w 45 ◦
(corresponding to airmass ≈ 1.4) as the object was quickly setting. 
All P200/DBSP data were reduced with DBSP-DRP . 2 , a PYTHON - 
based pipeline optimized for DBSP built on the more general 
PypeIt pipeline (Prochaska et al. 2020 ). All data were flat fielded 
sky-subtracted using standard techniques. Internal arc lamps were 
used for the wavelength calibration and a standard star for overall 
flux calibration. 

(iii) Caltech HIgh-speed Multicolour camERA (CHIMERA) 
high-speed photometry: We acquired high-speed photometry in r 
and g bands using the CHIMERA (Harding et al. 2016 ) on two 
occasions. We are clearly able to identify eclipses in all CHIMERA 
data sets, but it may be difficult to interpret out of eclipse variability. 
Seeing was abnormally poor on each night: 3 ′′ on 2023 February 17 
and 18. We show all individual light curves and the combined light 
curve in Fig. 3 . 

(iv) Russian–Turkish Telescope (RTT-150): We performed 
SRGeJ0411 photometry with the 1.5-m RTT-150. The resolution 
element is 0.65 ′′ at 2 × 2 binning. Three sets of observations in 
the white filter with a duration of two hours per night were carried 
out on 2023 September 1, 6, and 8. The weather was clear, and 
the average seeing was 1.5–2.0 ′′ . The time resolution was 55 s in 
all sets of observations (with exposure time of 30 s and readout 
time of 25 s). The photometry of SRGeJ0411 was calibrated to the 
Gaia G band, taking into account the Gaia BP-RP colour correction 
(systematic shift of −0.25 m relative to nearby stars). Fig. 1 (right 
panel) shows the optical image near SRGeJ0411 from RTT-150 data. 
On September 11, we obtained additional 3 × 300 s frames in griz 
2 https:// dbsp-drp.readthedocs.io/ en/ stable/ index.html 
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Table 1. Data acquired for SRGeJ0411. 
Data type Date (UT) Instrument Specifications Finding 
Identification spectrum 2023 Jan 15 Keck I/LRIS Blue: 3140–5640 Å, !λ = 1.1 Å, 

1 ×900 s exp. Red: 5530–8830 Å, !λ

= 0.80 Å, 1 ×900 s exp. 
Single-peaked emission lines are 
disco v ered, but double-peaked lines are 
expected due to eclipse seen in ZTF. 

High-cadence r and g 
band photometry 2023 Feb 17, 18 Hale telescope/CHIMERA 10 s exp. for 2 h High-cadence photometry at simultaneous 

orbital phases confirms deep eclipse. 
Multiphase spectra 2023 Mar 27 Hale telescope/DBSP Blue: 3400–5600 Å, !λ = 1.5 Å, 

7 ×900 s exp. Red: 5650–10 200 Å, 
!λ = 1.1 Å, 7 ×900 s exp. 

Single-peaked emission seen at all orbital 
phases. 

Photometry, no filter 2023 Sep 1, 6, 8 RTT-150/TFOSC 30 s exp. for 2 h Precision of period impro v ed; photometry 
revealed flickering and non-eclipse 
magnitude change between observations. 

Figure 3. CHIMERA r (red) and g (blue) 10-s cadence photometry reveal 
deep eclipses. Upper two panels: The entire observation on each occasion. 
Gaps are due to large error bars in the data, where cloud co v er or highly 
variable seeing prevented a good extraction of the data. Bottom panel: 
Data from 2023 February 17 and 18 are folded o v er the 97.53-min orbital 
period. 

filters at 1 × 1 binning (resolution element is 0.325 ′′ ) and used 
PanStarrs photometry to calibrate the field stars and determine griz 
magnitudes of SRGeJ0411 (see Figs 1 , B1 , and B2 ). 
3  RESULTS  
3.1 The light cur v e and the orbital period 
The optical light curve of SRGeJ0411 shows deep eclipses ( ≈2.5 m ) 
and no significant outbursts o v er the five-year-long baseline on ZTF 
data (see Fig. 2 ). We used a technique based on the Box Least Squares 
(BLSs) algorithm to determine the orbital period of SRGeJ0411 as 
described in Paper I . We found the best-fit period of 97.5 ± 0.5 min 
using the ZTF forced photometry data. The ZTF optical light curve of 
SRGeJ0411 folded with the best-fit period is shown in Fig. 2 (lower 
panel). 

F ollowing P aper I , we better constrained the orbital pe- 
riod of SRGeJ0411 using CHIMERA observations. We com- 
puted the 97.530 ± 0.008 min orbital period and ephemeris 
t 0 (BJD) = 2459992.6769(5). We present all good quality CHIMERA 
data folded on this period in Fig. 3 . 

We searched for the period of SRGeJ0411 on RTT-150 data 
using frequency analysis and the Lafler–Kinman method (for more 
details see Appendix A in Paper I ). The periodogram gives a 
strongest period of 97.53552 ± 0.00936 min, which agrees with 
the CHIMERA period. Having an initial epoch t 0 based on the 
Chimera observations and a time difference of 6.5 months be- 
tween CHIMERA and RTT-150 observations, we can impro v e 
the precision of the orbital period of SRGeJ0411. Thanks to the 
combination of both RTT-150 and CHIMERA data, we found the 
impro v ed orbital period to be P orb = 97.529544 ± 0.000173 min 
by dividing the resulting phase difference of the RTT-150 and 
CHIMERA light curve by the number of cycles ( ∼2900 cy- 
cles) that have passed between observations. In all analyses, we 
adopted the orbital period of P orb ≈ 97.530 min, and ephemeris 
t 0 (BJD) = 2459992.6769(5). 

The RTT-150 phase-folded optical light curves of SRGeJ0411 
and the reference star for three nights of observations are shown 
in Fig. 4 . The phase-folded light curve of the reference star 3 
stays constant between observations, having a rms of 0.05 m . 
3 The celestial coordinate for the reference star used in the RTT photometry is 
RA (J2000.0) = 04 h 11 m 34.83 s .1 and Dec. (J2000.0) = + 68 ◦53 ′ 48 ′′ . 0, with 
a Gaia G band magnitude of 19 . 45 m . 
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Figure 4. Phase-folded light curve of RTT-150 data. Colour dots correspond 
to dif ferent observ ation dates: black–September 1; red–September 6; blue–
2023 September 8. Parts of light curves out of the eclipse are not constant, 
showing a magnitude variation, possibly caused by variation of the accretion 
rate in SRGeJ0411. The reference star magnitude is offset by 1 m for 
illustrative purposes. 
All optical light curves sho w lo w amplitude ( ≈0.2 m − 0.5 m ) 
flickering. Between observing nights, the light curves out of 
the eclipse show a magnitude change with an amplitude of 
about 0.5 m . The light-curve change of SRGeJ0411 within ob- 
servations is not an instrumental effect and could be caused 
by variations of accretion rate in the system. We cannot pro- 
vide additional information about the variability between different 
nights using CHIMERA data because only in one night (2023 
February 18) was an entire orbital period of SRGeJ0411 cov- 
ered. 

The CHIMERA light curves show a ≈20 per cent modulation in 
flux through excess brightness before the eclipse (see Fig. 3 ), possibly 
caused by the contribution of the bright spot emission and/or eclipse 
of an accretion stream (see Section 4 ). Conversely, the X-ray light 
curve based on four SRG/eROSITA all-sky survey data shows no 
significant variability. The χ2 /dof is 5.7/3, assuming the constant X- 
ray flux of the SRGeJ0411 within surv e ys (see Fig. 5 ). SRGeJ0411 
requires further X-ray follow-up to get more data on a light curve 
and verify possible X-ray variability. 
3.2 Optical spectroscopy 
3.2.1 Identification spectrum 
In Fig. 6 , we present the Keck I/LRIS identification spectrum of 
SRGeJ0411. The optical spectrum shows hydrogen and helium 
emission lines, which are seen in almost all CVs. We see only 
single-peaked emission lines and do not detect double-peaked lines 
as expected from the accretion disc of eclipsing non-magnetic CVs 
(e.g. Williams 1980 ; Warner 1995 ). The absence of line doubling in 
the optical spectrum of SRGeJ0411 is discussed in Section 4 . The 
Balmer jump in emission is also seen in Fig. 6 , which is seen due 
to accretion in both magnetic and non-magnetic CVs (e.g. Hellier 
2001 ). We chose to present the Keck I/LRIS spectrum since it was 
obtained at a more fa v ourable airmass and has a higher signal- 

Figure 5. The 0.3–2.3 keV X-ray light curve of SRGeJ0411 during four 
SRG/eROSITA all-sky surveys. 
to-noise ratio than the phase-averaged P200/DBSP spectrum. In 
Fig. 6 , we o v erplot both the Pan-STARRS (Chambers et al. 2016 ) 
photometry and photometry synthesized from the Keck spectrum 
to the Pan-STARRS bandpasses using the pyphot package 4 All 
fluxes agree to within 10 per cent, likely due to a combination of the 
Keck spectrum having been taken at a single orbital phase as well as 
intrinsic source v ariability. Ho we ver, we use the P200/DBSP spectra 
to conduct a detailed analysis of all lines, as outlined in the following 
subsection. 

In Fig. 6 , we present two models: a WD + pre-bounce donor 
and a WD + 1800 K donor alongside the data. We use the same 
WD parameters in both models, determined from the SED fit to 
UV + optical data ( T eff, WD = 13 780 K, R WD = 0.01 R ⊙, log(g) 
= 8.0; see subsection 3.3.2 ). We then use the CV evolutionary 
tracks from Knigge et al. ( 2011 ) to determine the pre-bounce 
donor parameters at a 97.5-min orbital period: T eff, donor = 2900 K, 
R donor = 0.15 R ⊙, log(g) = 5.0. Both the ‘standard’ and ‘optimal’. 5 
(re vised) tracks gi ve close v alues for a pre-bounce donor, but 
we adopt the ones from the ‘optimal’ track since it still slightly 
better reproduces observed CVs. We assume a solar metallicity and 
plot a BT-DUSTY model spectrum (Allard, Homeier & Freytag 
2011 ), smoothed and binned to the average resolution of LRIS 
in Fig. 6 summed with the WD (red colour). We show (in cyan 
colour) the possible contribution of a donor ( T eff, donor ≈ 1800 K, 
R donor = 0.11 R ⊙) and WD (same parameters as earlier), where 
donor parameters are computed from SED modelling (see subsec- 
tion 3.3.2 ). 

In Fig. 6 , it is clear that the spectrum of SRGeJ0411 does not 
present features typical of a pre-bounce CV. In other words, even by 
omitting the contribution of an accretion disc, stream, or bright spot, 
the observed spectrum of SRGe0411 does not agree with that of a 
WD + pre-bounce M dwarf according to the evolutionary tracks of 
Knigge et al. ( 2011 ). We also discard the possibility of SRGeJ0411 
4 https:// mfouesneau.github.io/ pyphot/ index.html 
5 Knigge et al. ( 2011 ) suggest that agreement between evolutionary theory 
and observations may be impro v ed if ‘standard’ expressions for AML via 
magnetic braking abo v e the period gap (Rappaport, Verbunt & Joss 1983 ) 
and via gravitational waves radiation below the gap (Paczy ́nski 1967 ) would 
be scaled by f MB = 0.66 ± 0.05 and f GR = 2.47 ± 0.22, respectively. But 
note, physical justification for such a scaling is absent. 
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Optical light curves and period determination

• We observed SRGeJ0411 with the 1.5m RTT-150 
(TUBITAK observatory) and high-speed photometry 
using the Caltech High-speed Multi-color camERA 
(Palomar Observatory). 

• The light curve shows low-amplitude ( ) 
flickering, possibly caused by an accretion disk. During 
eclipses, the light curve shows deep dips ( ). 

• The orbital period of SRGeJ0411 is ~97.5  minutes. 

• The orbital period minimum for CVs is ~80  minutes 
(Knigge 2006, Gansicke et al. 2009). 

≈ 0.2 − 0.5m

≈ 2m



I. Estimation of binary parameters of SRGeJ041130.3+685350

• From the CV evolutionary tracks, the donor parameters for CV with an orbital period of  97.5 should be:≈

The CV evolutionary tracks from Knigge et al. (2011): A) and B)  Donor radius and donor effective temperature as a function of orbital 
period.

A) B)

 (i)    и   (Pre-bounce donor; before passing the   during the evolution); Rdonor ≈ 0.15 R⊙ Teff,donor ≈ 2,900 K Pmin
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the Roche lobe filling period–density relation (subsection 3.3.3 ). 
Both the donor temperature and donor mass show good agreement 
with the expected temperature and mass of period bouncers (upper 
and bottom right panels of Fig. 11 ). Finally, the X-ray luminosity 
provides an estimate of the accretion rate (lower left panel of 
Fig. 11 ; subsection 3.3.4 ). The estimated lo w v alue of the accretion 
rate provides additional evidence (independent of any donor radius 
assumptions) that SRGeJ0411 is a period bouncer. 

To sum up, all the computed parameters of SRGeJ0411 are 
consistent with the theoretical CV evolutionary tracks, suggesting 
that the SRGeJ0411 has passed through the period minimum during 
its evolution. We note that the WD mass of SRGeJ0411 is M WD = 
0 . 84 + 0 . 07 

−0 . 07 M ⊙, which is consistent with the mean WD mass in CVs 
0 . 81 + 0 . 16 

−0 . 20 M ⊙ (e.g. Pala et al. 2022 ), but higher than the mean mass 
of single WDs ( ≈0.6 M ⊙; Kepler et al. 2007 ). The estimated mass 
of the donor in SRGeJ0411 places the system close to or past the 
end of the CV evolutionary tracks of Knigge et al. ( 2011 ), which run 
for ≈3 Gyr (optimal) and ≈7 Gyr (standard). This means that these 
values may be considered as lower limits of the age of SRGeJ0411. 

Table 5. Binary parameters of SRGeJ0411. 
Parameter Value Origin 
Distance, d (pc) 324 + 26 

−31 (1) 
Orbital Period, P orb (min) 97.529544 ± 0.000173 (2) 
Extinction, A V 0 . 03 + 0 . 03 

−0 . 03 (3) 
WD surface gravity, log g 8.0 (fixed) (3) 
WD temperature, T eff, WD (K) 13 , 790 + 530 

−650 (3) 
WD radius, R WD (0.01 R ⊙) 1 . 0 + 0 . 09 

−0 . 09 (3) 
Donor surface gravity, log g 5.0 (fixed) (3) 
Donor temperature, T eff, donor (K) ! 1800 (3) 
Donor radius, R donor ( R ⊙) ! 0.11 (3) 
WD mass, M WD ( M ⊙) 0 . 84 + 0 . 07 

−0 . 07 (4) 
Accretion rate, Ṁ ( M ⊙ yr −1 ) (1.7 − 7.8) × 10 −12 (5) 
Mass ratio, q ! 0.05 (6) 
Donor mass, M donor ( M ⊙) ! 0.04 (6) 
Inclination, i ( ◦) ! 83 (6) 
Note. (1) Gaia parallax (subsection 3.3.1 ); (2) optical photometry (subsec- 
tion 3.1 ); (3) SED (subsection 3.3.2 ); (4) SED + WD mass–radius relation 
(subsection 3.3.2 ); (5) X-ray (subsection 3.3.4 ); (6) SED + Roche Lobe filling 
relation (subsection 3.3.3 ). 

Figure 11. Comparison of observed properties of SRGeJ0411 with the CV evolutionary tracks from Knigge et al. ( 2011 ). Black lines show the evolution of 
donor properties along the line for the ‘optimal’ model (solid line) and ‘standard’ model (dash-dot line) for CV evolution (see Tables 3 – 6, Knigge et al. ( 2011 )). 
Top panels: Donor radius and donor ef fecti ve temperature as a function of orbital period. Because a pre-bounce donor can be ruled out from the SED and optical 
spectroscopy, we place upper limits on the donor radius, which allow us to place upper limits on the donor temperature and mass. Bottom panels: Mass-loss rate 
by the donor, mass ratio of components, and donor mass as functions of orbital period. Red markers show the measured parameters (or parameter limits) of the 
SRGe0411 system from Table 5 . 
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the Roche lobe filling period–density relation (subsection 3.3.3 ). 
Both the donor temperature and donor mass show good agreement 
with the expected temperature and mass of period bouncers (upper 
and bottom right panels of Fig. 11 ). Finally, the X-ray luminosity 
provides an estimate of the accretion rate (lower left panel of 
Fig. 11 ; subsection 3.3.4 ). The estimated lo w v alue of the accretion 
rate provides additional evidence (independent of any donor radius 
assumptions) that SRGeJ0411 is a period bouncer. 

To sum up, all the computed parameters of SRGeJ0411 are 
consistent with the theoretical CV evolutionary tracks, suggesting 
that the SRGeJ0411 has passed through the period minimum during 
its evolution. We note that the WD mass of SRGeJ0411 is M WD = 
0 . 84 + 0 . 07 

−0 . 07 M ⊙, which is consistent with the mean WD mass in CVs 
0 . 81 + 0 . 16 

−0 . 20 M ⊙ (e.g. Pala et al. 2022 ), but higher than the mean mass 
of single WDs ( ≈0.6 M ⊙; Kepler et al. 2007 ). The estimated mass 
of the donor in SRGeJ0411 places the system close to or past the 
end of the CV evolutionary tracks of Knigge et al. ( 2011 ), which run 
for ≈3 Gyr (optimal) and ≈7 Gyr (standard). This means that these 
values may be considered as lower limits of the age of SRGeJ0411. 

Table 5. Binary parameters of SRGeJ0411. 
Parameter Value Origin 
Distance, d (pc) 324 + 26 

−31 (1) 
Orbital Period, P orb (min) 97.529544 ± 0.000173 (2) 
Extinction, A V 0 . 03 + 0 . 03 

−0 . 03 (3) 
WD surface gravity, log g 8.0 (fixed) (3) 
WD temperature, T eff, WD (K) 13 , 790 + 530 

−650 (3) 
WD radius, R WD (0.01 R ⊙) 1 . 0 + 0 . 09 

−0 . 09 (3) 
Donor surface gravity, log g 5.0 (fixed) (3) 
Donor temperature, T eff, donor (K) ! 1800 (3) 
Donor radius, R donor ( R ⊙) ! 0.11 (3) 
WD mass, M WD ( M ⊙) 0 . 84 + 0 . 07 

−0 . 07 (4) 
Accretion rate, Ṁ ( M ⊙ yr −1 ) (1.7 − 7.8) × 10 −12 (5) 
Mass ratio, q ! 0.05 (6) 
Donor mass, M donor ( M ⊙) ! 0.04 (6) 
Inclination, i ( ◦) ! 83 (6) 
Note. (1) Gaia parallax (subsection 3.3.1 ); (2) optical photometry (subsec- 
tion 3.1 ); (3) SED (subsection 3.3.2 ); (4) SED + WD mass–radius relation 
(subsection 3.3.2 ); (5) X-ray (subsection 3.3.4 ); (6) SED + Roche Lobe filling 
relation (subsection 3.3.3 ). 

Figure 11. Comparison of observed properties of SRGeJ0411 with the CV evolutionary tracks from Knigge et al. ( 2011 ). Black lines show the evolution of 
donor properties along the line for the ‘optimal’ model (solid line) and ‘standard’ model (dash-dot line) for CV evolution (see Tables 3 – 6, Knigge et al. ( 2011 )). 
Top panels: Donor radius and donor ef fecti ve temperature as a function of orbital period. Because a pre-bounce donor can be ruled out from the SED and optical 
spectroscopy, we place upper limits on the donor radius, which allow us to place upper limits on the donor temperature and mass. Bottom panels: Mass-loss rate 
by the donor, mass ratio of components, and donor mass as functions of orbital period. Red markers show the measured parameters (or parameter limits) of the 
SRGe0411 system from Table 5 . 
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II. Estimation of binary parameters of SRGeJ041130.3+685350

• From the CV evolutionary tracks, the donor parameters for CV with an orbital period of  97.5 should be:≈

The CV evolutionary tracks from Knigge et al. (2011): A) and B)  Donor radius and donor effective temperature as a function of orbital 
period.

      (ii)    и   (Donor of period bouncer CV; after passing the   during the evolution).Rdonor ≲ 0.11 R⊙ Teff,donor ≲ 2,000 K Pmin
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the Roche lobe filling period–density relation (subsection 3.3.3 ). 
Both the donor temperature and donor mass show good agreement 
with the expected temperature and mass of period bouncers (upper 
and bottom right panels of Fig. 11 ). Finally, the X-ray luminosity 
provides an estimate of the accretion rate (lower left panel of 
Fig. 11 ; subsection 3.3.4 ). The estimated lo w v alue of the accretion 
rate provides additional evidence (independent of any donor radius 
assumptions) that SRGeJ0411 is a period bouncer. 

To sum up, all the computed parameters of SRGeJ0411 are 
consistent with the theoretical CV evolutionary tracks, suggesting 
that the SRGeJ0411 has passed through the period minimum during 
its evolution. We note that the WD mass of SRGeJ0411 is M WD = 
0 . 84 + 0 . 07 

−0 . 07 M ⊙, which is consistent with the mean WD mass in CVs 
0 . 81 + 0 . 16 

−0 . 20 M ⊙ (e.g. Pala et al. 2022 ), but higher than the mean mass 
of single WDs ( ≈0.6 M ⊙; Kepler et al. 2007 ). The estimated mass 
of the donor in SRGeJ0411 places the system close to or past the 
end of the CV evolutionary tracks of Knigge et al. ( 2011 ), which run 
for ≈3 Gyr (optimal) and ≈7 Gyr (standard). This means that these 
values may be considered as lower limits of the age of SRGeJ0411. 

Table 5. Binary parameters of SRGeJ0411. 
Parameter Value Origin 
Distance, d (pc) 324 + 26 

−31 (1) 
Orbital Period, P orb (min) 97.529544 ± 0.000173 (2) 
Extinction, A V 0 . 03 + 0 . 03 

−0 . 03 (3) 
WD surface gravity, log g 8.0 (fixed) (3) 
WD temperature, T eff, WD (K) 13 , 790 + 530 

−650 (3) 
WD radius, R WD (0.01 R ⊙) 1 . 0 + 0 . 09 

−0 . 09 (3) 
Donor surface gravity, log g 5.0 (fixed) (3) 
Donor temperature, T eff, donor (K) ! 1800 (3) 
Donor radius, R donor ( R ⊙) ! 0.11 (3) 
WD mass, M WD ( M ⊙) 0 . 84 + 0 . 07 

−0 . 07 (4) 
Accretion rate, Ṁ ( M ⊙ yr −1 ) (1.7 − 7.8) × 10 −12 (5) 
Mass ratio, q ! 0.05 (6) 
Donor mass, M donor ( M ⊙) ! 0.04 (6) 
Inclination, i ( ◦) ! 83 (6) 
Note. (1) Gaia parallax (subsection 3.3.1 ); (2) optical photometry (subsec- 
tion 3.1 ); (3) SED (subsection 3.3.2 ); (4) SED + WD mass–radius relation 
(subsection 3.3.2 ); (5) X-ray (subsection 3.3.4 ); (6) SED + Roche Lobe filling 
relation (subsection 3.3.3 ). 

Figure 11. Comparison of observed properties of SRGeJ0411 with the CV evolutionary tracks from Knigge et al. ( 2011 ). Black lines show the evolution of 
donor properties along the line for the ‘optimal’ model (solid line) and ‘standard’ model (dash-dot line) for CV evolution (see Tables 3 – 6, Knigge et al. ( 2011 )). 
Top panels: Donor radius and donor ef fecti ve temperature as a function of orbital period. Because a pre-bounce donor can be ruled out from the SED and optical 
spectroscopy, we place upper limits on the donor radius, which allow us to place upper limits on the donor temperature and mass. Bottom panels: Mass-loss rate 
by the donor, mass ratio of components, and donor mass as functions of orbital period. Red markers show the measured parameters (or parameter limits) of the 
SRGe0411 system from Table 5 . 
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the Roche lobe filling period–density relation (subsection 3.3.3 ). 
Both the donor temperature and donor mass show good agreement 
with the expected temperature and mass of period bouncers (upper 
and bottom right panels of Fig. 11 ). Finally, the X-ray luminosity 
provides an estimate of the accretion rate (lower left panel of 
Fig. 11 ; subsection 3.3.4 ). The estimated lo w v alue of the accretion 
rate provides additional evidence (independent of any donor radius 
assumptions) that SRGeJ0411 is a period bouncer. 

To sum up, all the computed parameters of SRGeJ0411 are 
consistent with the theoretical CV evolutionary tracks, suggesting 
that the SRGeJ0411 has passed through the period minimum during 
its evolution. We note that the WD mass of SRGeJ0411 is M WD = 
0 . 84 + 0 . 07 

−0 . 07 M ⊙, which is consistent with the mean WD mass in CVs 
0 . 81 + 0 . 16 

−0 . 20 M ⊙ (e.g. Pala et al. 2022 ), but higher than the mean mass 
of single WDs ( ≈0.6 M ⊙; Kepler et al. 2007 ). The estimated mass 
of the donor in SRGeJ0411 places the system close to or past the 
end of the CV evolutionary tracks of Knigge et al. ( 2011 ), which run 
for ≈3 Gyr (optimal) and ≈7 Gyr (standard). This means that these 
values may be considered as lower limits of the age of SRGeJ0411. 

Table 5. Binary parameters of SRGeJ0411. 
Parameter Value Origin 
Distance, d (pc) 324 + 26 

−31 (1) 
Orbital Period, P orb (min) 97.529544 ± 0.000173 (2) 
Extinction, A V 0 . 03 + 0 . 03 

−0 . 03 (3) 
WD surface gravity, log g 8.0 (fixed) (3) 
WD temperature, T eff, WD (K) 13 , 790 + 530 

−650 (3) 
WD radius, R WD (0.01 R ⊙) 1 . 0 + 0 . 09 

−0 . 09 (3) 
Donor surface gravity, log g 5.0 (fixed) (3) 
Donor temperature, T eff, donor (K) ! 1800 (3) 
Donor radius, R donor ( R ⊙) ! 0.11 (3) 
WD mass, M WD ( M ⊙) 0 . 84 + 0 . 07 

−0 . 07 (4) 
Accretion rate, Ṁ ( M ⊙ yr −1 ) (1.7 − 7.8) × 10 −12 (5) 
Mass ratio, q ! 0.05 (6) 
Donor mass, M donor ( M ⊙) ! 0.04 (6) 
Inclination, i ( ◦) ! 83 (6) 
Note. (1) Gaia parallax (subsection 3.3.1 ); (2) optical photometry (subsec- 
tion 3.1 ); (3) SED (subsection 3.3.2 ); (4) SED + WD mass–radius relation 
(subsection 3.3.2 ); (5) X-ray (subsection 3.3.4 ); (6) SED + Roche Lobe filling 
relation (subsection 3.3.3 ). 

Figure 11. Comparison of observed properties of SRGeJ0411 with the CV evolutionary tracks from Knigge et al. ( 2011 ). Black lines show the evolution of 
donor properties along the line for the ‘optimal’ model (solid line) and ‘standard’ model (dash-dot line) for CV evolution (see Tables 3 – 6, Knigge et al. ( 2011 )). 
Top panels: Donor radius and donor ef fecti ve temperature as a function of orbital period. Because a pre-bounce donor can be ruled out from the SED and optical 
spectroscopy, we place upper limits on the donor radius, which allow us to place upper limits on the donor temperature and mass. Bottom panels: Mass-loss rate 
by the donor, mass ratio of components, and donor mass as functions of orbital period. Red markers show the measured parameters (or parameter limits) of the 
SRGe0411 system from Table 5 . 
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III. Estimation of binary parameters of SRGeJ041130.3+685350

• From the CV evolutionary tracks, the donor parameters for CV with an orbital period of  97.5 should be:≈

The CV evolutionary tracks from Knigge et al. (2011): A) and B)  Donor radius and donor effective temperature as a function of orbital 
period.
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the Roche lobe filling period–density relation (subsection 3.3.3 ). 
Both the donor temperature and donor mass show good agreement 
with the expected temperature and mass of period bouncers (upper 
and bottom right panels of Fig. 11 ). Finally, the X-ray luminosity 
provides an estimate of the accretion rate (lower left panel of 
Fig. 11 ; subsection 3.3.4 ). The estimated lo w v alue of the accretion 
rate provides additional evidence (independent of any donor radius 
assumptions) that SRGeJ0411 is a period bouncer. 

To sum up, all the computed parameters of SRGeJ0411 are 
consistent with the theoretical CV evolutionary tracks, suggesting 
that the SRGeJ0411 has passed through the period minimum during 
its evolution. We note that the WD mass of SRGeJ0411 is M WD = 
0 . 84 + 0 . 07 

−0 . 07 M ⊙, which is consistent with the mean WD mass in CVs 
0 . 81 + 0 . 16 

−0 . 20 M ⊙ (e.g. Pala et al. 2022 ), but higher than the mean mass 
of single WDs ( ≈0.6 M ⊙; Kepler et al. 2007 ). The estimated mass 
of the donor in SRGeJ0411 places the system close to or past the 
end of the CV evolutionary tracks of Knigge et al. ( 2011 ), which run 
for ≈3 Gyr (optimal) and ≈7 Gyr (standard). This means that these 
values may be considered as lower limits of the age of SRGeJ0411. 

Table 5. Binary parameters of SRGeJ0411. 
Parameter Value Origin 
Distance, d (pc) 324 + 26 

−31 (1) 
Orbital Period, P orb (min) 97.529544 ± 0.000173 (2) 
Extinction, A V 0 . 03 + 0 . 03 

−0 . 03 (3) 
WD surface gravity, log g 8.0 (fixed) (3) 
WD temperature, T eff, WD (K) 13 , 790 + 530 

−650 (3) 
WD radius, R WD (0.01 R ⊙) 1 . 0 + 0 . 09 

−0 . 09 (3) 
Donor surface gravity, log g 5.0 (fixed) (3) 
Donor temperature, T eff, donor (K) ! 1800 (3) 
Donor radius, R donor ( R ⊙) ! 0.11 (3) 
WD mass, M WD ( M ⊙) 0 . 84 + 0 . 07 

−0 . 07 (4) 
Accretion rate, Ṁ ( M ⊙ yr −1 ) (1.7 − 7.8) × 10 −12 (5) 
Mass ratio, q ! 0.05 (6) 
Donor mass, M donor ( M ⊙) ! 0.04 (6) 
Inclination, i ( ◦) ! 83 (6) 
Note. (1) Gaia parallax (subsection 3.3.1 ); (2) optical photometry (subsec- 
tion 3.1 ); (3) SED (subsection 3.3.2 ); (4) SED + WD mass–radius relation 
(subsection 3.3.2 ); (5) X-ray (subsection 3.3.4 ); (6) SED + Roche Lobe filling 
relation (subsection 3.3.3 ). 

Figure 11. Comparison of observed properties of SRGeJ0411 with the CV evolutionary tracks from Knigge et al. ( 2011 ). Black lines show the evolution of 
donor properties along the line for the ‘optimal’ model (solid line) and ‘standard’ model (dash-dot line) for CV evolution (see Tables 3 – 6, Knigge et al. ( 2011 )). 
Top panels: Donor radius and donor ef fecti ve temperature as a function of orbital period. Because a pre-bounce donor can be ruled out from the SED and optical 
spectroscopy, we place upper limits on the donor radius, which allow us to place upper limits on the donor temperature and mass. Bottom panels: Mass-loss rate 
by the donor, mass ratio of components, and donor mass as functions of orbital period. Red markers show the measured parameters (or parameter limits) of the 
SRGe0411 system from Table 5 . 
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the Roche lobe filling period–density relation (subsection 3.3.3 ). 
Both the donor temperature and donor mass show good agreement 
with the expected temperature and mass of period bouncers (upper 
and bottom right panels of Fig. 11 ). Finally, the X-ray luminosity 
provides an estimate of the accretion rate (lower left panel of 
Fig. 11 ; subsection 3.3.4 ). The estimated lo w v alue of the accretion 
rate provides additional evidence (independent of any donor radius 
assumptions) that SRGeJ0411 is a period bouncer. 

To sum up, all the computed parameters of SRGeJ0411 are 
consistent with the theoretical CV evolutionary tracks, suggesting 
that the SRGeJ0411 has passed through the period minimum during 
its evolution. We note that the WD mass of SRGeJ0411 is M WD = 
0 . 84 + 0 . 07 

−0 . 07 M ⊙, which is consistent with the mean WD mass in CVs 
0 . 81 + 0 . 16 

−0 . 20 M ⊙ (e.g. Pala et al. 2022 ), but higher than the mean mass 
of single WDs ( ≈0.6 M ⊙; Kepler et al. 2007 ). The estimated mass 
of the donor in SRGeJ0411 places the system close to or past the 
end of the CV evolutionary tracks of Knigge et al. ( 2011 ), which run 
for ≈3 Gyr (optimal) and ≈7 Gyr (standard). This means that these 
values may be considered as lower limits of the age of SRGeJ0411. 

Table 5. Binary parameters of SRGeJ0411. 
Parameter Value Origin 
Distance, d (pc) 324 + 26 

−31 (1) 
Orbital Period, P orb (min) 97.529544 ± 0.000173 (2) 
Extinction, A V 0 . 03 + 0 . 03 

−0 . 03 (3) 
WD surface gravity, log g 8.0 (fixed) (3) 
WD temperature, T eff, WD (K) 13 , 790 + 530 

−650 (3) 
WD radius, R WD (0.01 R ⊙) 1 . 0 + 0 . 09 

−0 . 09 (3) 
Donor surface gravity, log g 5.0 (fixed) (3) 
Donor temperature, T eff, donor (K) ! 1800 (3) 
Donor radius, R donor ( R ⊙) ! 0.11 (3) 
WD mass, M WD ( M ⊙) 0 . 84 + 0 . 07 

−0 . 07 (4) 
Accretion rate, Ṁ ( M ⊙ yr −1 ) (1.7 − 7.8) × 10 −12 (5) 
Mass ratio, q ! 0.05 (6) 
Donor mass, M donor ( M ⊙) ! 0.04 (6) 
Inclination, i ( ◦) ! 83 (6) 
Note. (1) Gaia parallax (subsection 3.3.1 ); (2) optical photometry (subsec- 
tion 3.1 ); (3) SED (subsection 3.3.2 ); (4) SED + WD mass–radius relation 
(subsection 3.3.2 ); (5) X-ray (subsection 3.3.4 ); (6) SED + Roche Lobe filling 
relation (subsection 3.3.3 ). 

Figure 11. Comparison of observed properties of SRGeJ0411 with the CV evolutionary tracks from Knigge et al. ( 2011 ). Black lines show the evolution of 
donor properties along the line for the ‘optimal’ model (solid line) and ‘standard’ model (dash-dot line) for CV evolution (see Tables 3 – 6, Knigge et al. ( 2011 )). 
Top panels: Donor radius and donor ef fecti ve temperature as a function of orbital period. Because a pre-bounce donor can be ruled out from the SED and optical 
spectroscopy, we place upper limits on the donor radius, which allow us to place upper limits on the donor temperature and mass. Bottom panels: Mass-loss rate 
by the donor, mass ratio of components, and donor mass as functions of orbital period. Red markers show the measured parameters (or parameter limits) of the 
SRGe0411 system from Table 5 . 
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IV. Estimation of binary parameters of SRGeJ041130.3+685350

• From the CV evolutionary tracks, the donor parameters for CV with an orbital period of  97.5 should be:≈

The CV evolutionary tracks from Knigge et al. (2011): A) and B)  Donor radius and donor effective temperature as a function of orbital 
period.

• The model with donor parameters from the case (ii) better approximates the observed SED of SRGeJ0411.

WD: ; ; ;  .Teff ≈ 13,790 K MWD ≈ 0.84 M⊙ RWD ≈ 0.01 R⊙ log(g) = 8 (fixed)

Donor:    a)  for  ( ),  
   b)  for  ( ).

Rdonor = 0.11 R⊙ Teff,donor ≲ 1,800 K
Rdonor = 0.15 R⊙ Teff,donor ≲ 1,600 K

SED modeling without considering the contribution of the accretion disk, boundary layer, and hot spot!
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      (ii)    и   (Donor of period bouncer CV; after passing the   during the evolution).Rdonor ≲ 0.11 R⊙ Teff,donor ≲ 2,000 K Pmin
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the Roche lobe filling period–density relation (subsection 3.3.3 ). 
Both the donor temperature and donor mass show good agreement 
with the expected temperature and mass of period bouncers (upper 
and bottom right panels of Fig. 11 ). Finally, the X-ray luminosity 
provides an estimate of the accretion rate (lower left panel of 
Fig. 11 ; subsection 3.3.4 ). The estimated lo w v alue of the accretion 
rate provides additional evidence (independent of any donor radius 
assumptions) that SRGeJ0411 is a period bouncer. 

To sum up, all the computed parameters of SRGeJ0411 are 
consistent with the theoretical CV evolutionary tracks, suggesting 
that the SRGeJ0411 has passed through the period minimum during 
its evolution. We note that the WD mass of SRGeJ0411 is M WD = 
0 . 84 + 0 . 07 

−0 . 07 M ⊙, which is consistent with the mean WD mass in CVs 
0 . 81 + 0 . 16 

−0 . 20 M ⊙ (e.g. Pala et al. 2022 ), but higher than the mean mass 
of single WDs ( ≈0.6 M ⊙; Kepler et al. 2007 ). The estimated mass 
of the donor in SRGeJ0411 places the system close to or past the 
end of the CV evolutionary tracks of Knigge et al. ( 2011 ), which run 
for ≈3 Gyr (optimal) and ≈7 Gyr (standard). This means that these 
values may be considered as lower limits of the age of SRGeJ0411. 

Table 5. Binary parameters of SRGeJ0411. 
Parameter Value Origin 
Distance, d (pc) 324 + 26 

−31 (1) 
Orbital Period, P orb (min) 97.529544 ± 0.000173 (2) 
Extinction, A V 0 . 03 + 0 . 03 

−0 . 03 (3) 
WD surface gravity, log g 8.0 (fixed) (3) 
WD temperature, T eff, WD (K) 13 , 790 + 530 

−650 (3) 
WD radius, R WD (0.01 R ⊙) 1 . 0 + 0 . 09 

−0 . 09 (3) 
Donor surface gravity, log g 5.0 (fixed) (3) 
Donor temperature, T eff, donor (K) ! 1800 (3) 
Donor radius, R donor ( R ⊙) ! 0.11 (3) 
WD mass, M WD ( M ⊙) 0 . 84 + 0 . 07 

−0 . 07 (4) 
Accretion rate, Ṁ ( M ⊙ yr −1 ) (1.7 − 7.8) × 10 −12 (5) 
Mass ratio, q ! 0.05 (6) 
Donor mass, M donor ( M ⊙) ! 0.04 (6) 
Inclination, i ( ◦) ! 83 (6) 
Note. (1) Gaia parallax (subsection 3.3.1 ); (2) optical photometry (subsec- 
tion 3.1 ); (3) SED (subsection 3.3.2 ); (4) SED + WD mass–radius relation 
(subsection 3.3.2 ); (5) X-ray (subsection 3.3.4 ); (6) SED + Roche Lobe filling 
relation (subsection 3.3.3 ). 

Figure 11. Comparison of observed properties of SRGeJ0411 with the CV evolutionary tracks from Knigge et al. ( 2011 ). Black lines show the evolution of 
donor properties along the line for the ‘optimal’ model (solid line) and ‘standard’ model (dash-dot line) for CV evolution (see Tables 3 – 6, Knigge et al. ( 2011 )). 
Top panels: Donor radius and donor ef fecti ve temperature as a function of orbital period. Because a pre-bounce donor can be ruled out from the SED and optical 
spectroscopy, we place upper limits on the donor radius, which allow us to place upper limits on the donor temperature and mass. Bottom panels: Mass-loss rate 
by the donor, mass ratio of components, and donor mass as functions of orbital period. Red markers show the measured parameters (or parameter limits) of the 
SRGe0411 system from Table 5 . 
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the Roche lobe filling period–density relation (subsection 3.3.3 ). 
Both the donor temperature and donor mass show good agreement 
with the expected temperature and mass of period bouncers (upper 
and bottom right panels of Fig. 11 ). Finally, the X-ray luminosity 
provides an estimate of the accretion rate (lower left panel of 
Fig. 11 ; subsection 3.3.4 ). The estimated lo w v alue of the accretion 
rate provides additional evidence (independent of any donor radius 
assumptions) that SRGeJ0411 is a period bouncer. 

To sum up, all the computed parameters of SRGeJ0411 are 
consistent with the theoretical CV evolutionary tracks, suggesting 
that the SRGeJ0411 has passed through the period minimum during 
its evolution. We note that the WD mass of SRGeJ0411 is M WD = 
0 . 84 + 0 . 07 

−0 . 07 M ⊙, which is consistent with the mean WD mass in CVs 
0 . 81 + 0 . 16 

−0 . 20 M ⊙ (e.g. Pala et al. 2022 ), but higher than the mean mass 
of single WDs ( ≈0.6 M ⊙; Kepler et al. 2007 ). The estimated mass 
of the donor in SRGeJ0411 places the system close to or past the 
end of the CV evolutionary tracks of Knigge et al. ( 2011 ), which run 
for ≈3 Gyr (optimal) and ≈7 Gyr (standard). This means that these 
values may be considered as lower limits of the age of SRGeJ0411. 

Table 5. Binary parameters of SRGeJ0411. 
Parameter Value Origin 
Distance, d (pc) 324 + 26 

−31 (1) 
Orbital Period, P orb (min) 97.529544 ± 0.000173 (2) 
Extinction, A V 0 . 03 + 0 . 03 

−0 . 03 (3) 
WD surface gravity, log g 8.0 (fixed) (3) 
WD temperature, T eff, WD (K) 13 , 790 + 530 

−650 (3) 
WD radius, R WD (0.01 R ⊙) 1 . 0 + 0 . 09 

−0 . 09 (3) 
Donor surface gravity, log g 5.0 (fixed) (3) 
Donor temperature, T eff, donor (K) ! 1800 (3) 
Donor radius, R donor ( R ⊙) ! 0.11 (3) 
WD mass, M WD ( M ⊙) 0 . 84 + 0 . 07 

−0 . 07 (4) 
Accretion rate, Ṁ ( M ⊙ yr −1 ) (1.7 − 7.8) × 10 −12 (5) 
Mass ratio, q ! 0.05 (6) 
Donor mass, M donor ( M ⊙) ! 0.04 (6) 
Inclination, i ( ◦) ! 83 (6) 
Note. (1) Gaia parallax (subsection 3.3.1 ); (2) optical photometry (subsec- 
tion 3.1 ); (3) SED (subsection 3.3.2 ); (4) SED + WD mass–radius relation 
(subsection 3.3.2 ); (5) X-ray (subsection 3.3.4 ); (6) SED + Roche Lobe filling 
relation (subsection 3.3.3 ). 

Figure 11. Comparison of observed properties of SRGeJ0411 with the CV evolutionary tracks from Knigge et al. ( 2011 ). Black lines show the evolution of 
donor properties along the line for the ‘optimal’ model (solid line) and ‘standard’ model (dash-dot line) for CV evolution (see Tables 3 – 6, Knigge et al. ( 2011 )). 
Top panels: Donor radius and donor ef fecti ve temperature as a function of orbital period. Because a pre-bounce donor can be ruled out from the SED and optical 
spectroscopy, we place upper limits on the donor radius, which allow us to place upper limits on the donor temperature and mass. Bottom panels: Mass-loss rate 
by the donor, mass ratio of components, and donor mass as functions of orbital period. Red markers show the measured parameters (or parameter limits) of the 
SRGe0411 system from Table 5 . 
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IV. Estimation of binary parameters of SRGeJ041130.3+685350

• From the CV evolutionary tracks, the donor parameters for CV with an orbital period of  97.5 should be:≈

The CV evolutionary tracks from Knigge et al. (2011): A) and B) Donor radius and donor effective temperature as a function of orbital 
period; С) The observed UV + optical SED of SRGeJ0411.

684 I. Galiullin et al . 

MNRAS 528, 676–692 (2024) 

Figure 8. The observed UV + optical SED of SRGeJ0411 is well fit by either 
a single 13 790 K temperature WD, or the sum of a 13 790 K temperature WD 
and at most a 1800 K temperature donor (3 σ upper limit). A pre-bounce 
(2900 K) donor would significantly contribute in the red optical photometry, 
indicating that SRGeJ0411 is likely a period bouncer with a brown dwarf 
donor. 
3.3.3 The mass ratio 
To constrain the mass ratio of SRGeJ0411, we used the phase-folded 
CHIMERA light curve and the analytical relation from Chanan et 
al. ( 1976 ), which expresses the inclination as a function of mass 
ratio, given an eclipse time (the orbital phase length during which 
the donor eclipses the WD). This relation holds under the assumption 
that the donor is filling its Roche lobe. Therefore, we visually inspect 
the CHIMERA light curve to find the first, second, third, and fourth 
contacts between the donor and WD (see Cook & Warner ( 1984 ) 
for a definition of terms and example with a well-studied CV). We 
show the eclipse portion of the light curve, and points of contact 
in the left panel of Fig. 9 . We obtain an eclipse phase duration, or 
equi v alently, the time between the mid-ingress and mid-egress of the 
primary, by fitting a trapezoidal eclipse profile to the ingress and 
egress of the eclipse. We estimate the phase duration between the 
primary mid-ingress and mid-egress to be φ = 0.028 ± 0.002, where 
the error corresponds to the 10 s exposure time used in CHIMERA 
observations. This is equivalent to the difference between third and 
first or fourth and second contacts in Fig. 9 . 

From Chanan’s equations and the eclipse time alone, we obtain a 
tight relation between the mass ratio and inclination (see the right 
panel of Fig. 9 ). This constrains the range for the mass ratio: 0.02 ≤
q ≤ 0.15, and the inclination angle: 78 ◦ ≤ i ≤ 90 ◦. The mass ratio 
suggests that the donor mass is in the 0.02 ≤ M donor (M ⊙) ≤ 0.13 
range. We compute the donor mass from the mass ratio by adopting 
the WD mass of 0 . 84 M ⊙ from SED modelling (see subsection 3.3.2 ). 

We can more precisely constrain the mass of the donor star by 
considering the period–density relation for Roche lobe-filling stars 
ρdonor = 3 M donor 

4 πR 3 donor ≈ 107 g cm −3 ( P orb / hr ) −2 , (2) 
where ρdonor is the donor’s mean density, and M donor and R donor are 
the mass and radius of the donor. The donor is assumed to have 

radius equal to its Roche lobe spherical equi v alent radius R L , that is 
computed based on Eggleton ( 1983 ) approximation. 

Using equation ( 2 ), the orbital period of SRGeJ0411, P orb ≈
97.530 min, and the donor radius R donor ! 0.11 R ⊙ (see subsec- 
tion 3.3.2 ), we obtain the donor mass of M donor ! 0.04 M ⊙. The 
donor mass is typical for the known period bouncer CVs, and well 
below the maximum brown dwarf mass of ≈0.07 M ⊙ (e.g. Forbes & 
Loeb 2019 ). We plot this value in the right panel of Fig. 9 . Returning 
to Chanan’s equations, we constrain the inclination: i ( ◦) ! 83. 

As an alternative to fixing the donor radius, we explore different 
possible values of inclination, which then set the value of mass 
ratio through the approximation of Chanan et al. ( 1976 ), and donor 
radius through the approximation of Eggleton ( 1983 ). We then fix 
the donor radius value (see MCMC run details in subsection 3.3.2 ) 
and obtain upper limits on the donor ef fecti v e temperature. F or fix ed 
inclination angles i ( ◦) = (78, 83, 90), giving q = (0.16, 0.04, 0.007) 
and R donor ( R ⊙) = (0.15, 0.11, 0.07) respectively, we obtain a 3 σ
upper limit of donor ef fecti ve temperature T eff, donor ( K ) ! (1800, 
2100, 2250). Given our eclipse time, fixing any lower value of i < 
78 ◦ would lead to donor temperatures colder than 1800 K. Therefore, 
the donor temperature of SRGeJ0411 remains cold even for different 
inclination angles and agrees with the period bouncer scenario. 

We note that we used Chanan’s approximation to calculate the 
mass ratio of SRGeJ0411. We could see from the optical light curve 
that the pre-eclipse part of the light curve is distorted, which could 
be from a contribution of a bright spot (see Fig. 3 ). For a more 
precise estimation of the mass ratio of components of SRGeJ0411, 
any emission from a bright spot, stream or accretion disc should be 
taken into account in the modelling of the phase folded light curve, 
but that work is beyond the scope of this paper. We emphasize that 
our assumptions place, at worst, upper limits on the mass ratio and 
donor mass, since an accretion disc and/or bright spot would only 
contribute to the o v erall flux level. 
3.3.4 X-ray spectrum, luminosity, and mass accretion rate 
We approximated the combined X-ray spectrum of SRGeJ0411 
within four all-sky survey data using two models: the power- 
law model ( powerlaw in XSPEC 6 ) and the optically thin thermal 
plasma model ( mekal in XSPEC ) with solar abundance. We used the 
Tubingen-Boulder ISM absorption model ( tbabs in XSPEC , Wilms, 
Allen & McCray 2000 ) to account for interstellar absorption. The X- 
ray spectrum of SRGeJ0411 is shown in Fig. 10 , and the results of its 
approximation are shown in Table 4 . The hydrogen column density 
estimated from the approximation of the X-ray spectrum is low. It 
agrees with the hydrogen column density from the 3D Bayestar19 
dustmap ((8.9 ± 3.3) × 10 20 cm −2 , subsection 3.3.1 ) and from SED 
modelling ((6.6 ± 6.6) × 10 19 cm −2 , subsection 3.3.2 ). Only a lower 
limit of the plasma temperature ! 8.5 keV (1 σ confidence) can be 
estimated from the X-ray spectroscopy. 

With its observed X-ray flux of (19.0 ± 1.9) × 10 −14 erg s −1 cm −2 
in the 0.3–2.3 keV energy band, SRGeJ0411 is not present in the 
Second ROSAT All Sky Survey Source Catalogue, which had a 
flux limit of ∼2 × 10 −13 erg s −1 cm −2 (2RXS; Boller et al. 2016 ). 
The absorption-corrected X-ray flux of SRGeJ0411 in the 0.3–
2.3 keV energy band is (21 ± 1.3) × 10 −14 erg s −1 cm −2 , com- 
puted from the power-law model approximation. Given the well- 
constrained distance from Gaia , the X-ray luminosity is (2.6 ± 0.2) ×
10 30 erg s −1 . To calculate the bolometric correction (BC) factor for 
6 XSPEC v.12 software (Arnaud 1996 ) 
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• The model with donor parameters from the case (ii) better approximates the observed SED of SRGeJ0411.

WD: ; ; ;  .Teff ≈ 13,790 K MWD ≈ 0.84 M⊙ RWD ≈ 0.01 R⊙ log(g) = 8 (fixed)

C)

SED modeling without considering the contribution of the accretion disk, boundary layer, and hot spot!

HEA and Cosmology in the era of all-sky surveys, 7–11th October 2024 Arxiv: 2401.04178

 (i)    и   (Pre-bounce donor; before passing the   during the evolution); Rdonor ≈ 0.15 R⊙ Teff,donor ≈ 2,900 K Pmin

      (ii)    и   (Donor of period bouncer CV; after passing the   during the evolution).Rdonor ≲ 0.11 R⊙ Teff,donor ≲ 2,000 K Pmin

Donor:    a)  for  ( ),  
   b)  for  ( ).

Rdonor = 0.11 R⊙ Teff,donor ≲ 1,800 K
Rdonor = 0.15 R⊙ Teff,donor ≲ 1,600 K
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the Roche lobe filling period–density relation (subsection 3.3.3 ). 
Both the donor temperature and donor mass show good agreement 
with the expected temperature and mass of period bouncers (upper 
and bottom right panels of Fig. 11 ). Finally, the X-ray luminosity 
provides an estimate of the accretion rate (lower left panel of 
Fig. 11 ; subsection 3.3.4 ). The estimated lo w v alue of the accretion 
rate provides additional evidence (independent of any donor radius 
assumptions) that SRGeJ0411 is a period bouncer. 

To sum up, all the computed parameters of SRGeJ0411 are 
consistent with the theoretical CV evolutionary tracks, suggesting 
that the SRGeJ0411 has passed through the period minimum during 
its evolution. We note that the WD mass of SRGeJ0411 is M WD = 
0 . 84 + 0 . 07 

−0 . 07 M ⊙, which is consistent with the mean WD mass in CVs 
0 . 81 + 0 . 16 

−0 . 20 M ⊙ (e.g. Pala et al. 2022 ), but higher than the mean mass 
of single WDs ( ≈0.6 M ⊙; Kepler et al. 2007 ). The estimated mass 
of the donor in SRGeJ0411 places the system close to or past the 
end of the CV evolutionary tracks of Knigge et al. ( 2011 ), which run 
for ≈3 Gyr (optimal) and ≈7 Gyr (standard). This means that these 
values may be considered as lower limits of the age of SRGeJ0411. 

Table 5. Binary parameters of SRGeJ0411. 
Parameter Value Origin 
Distance, d (pc) 324 + 26 

−31 (1) 
Orbital Period, P orb (min) 97.529544 ± 0.000173 (2) 
Extinction, A V 0 . 03 + 0 . 03 

−0 . 03 (3) 
WD surface gravity, log g 8.0 (fixed) (3) 
WD temperature, T eff, WD (K) 13 , 790 + 530 

−650 (3) 
WD radius, R WD (0.01 R ⊙) 1 . 0 + 0 . 09 

−0 . 09 (3) 
Donor surface gravity, log g 5.0 (fixed) (3) 
Donor temperature, T eff, donor (K) ! 1800 (3) 
Donor radius, R donor ( R ⊙) ! 0.11 (3) 
WD mass, M WD ( M ⊙) 0 . 84 + 0 . 07 

−0 . 07 (4) 
Accretion rate, Ṁ ( M ⊙ yr −1 ) (1.7 − 7.8) × 10 −12 (5) 
Mass ratio, q ! 0.05 (6) 
Donor mass, M donor ( M ⊙) ! 0.04 (6) 
Inclination, i ( ◦) ! 83 (6) 
Note. (1) Gaia parallax (subsection 3.3.1 ); (2) optical photometry (subsec- 
tion 3.1 ); (3) SED (subsection 3.3.2 ); (4) SED + WD mass–radius relation 
(subsection 3.3.2 ); (5) X-ray (subsection 3.3.4 ); (6) SED + Roche Lobe filling 
relation (subsection 3.3.3 ). 

Figure 11. Comparison of observed properties of SRGeJ0411 with the CV evolutionary tracks from Knigge et al. ( 2011 ). Black lines show the evolution of 
donor properties along the line for the ‘optimal’ model (solid line) and ‘standard’ model (dash-dot line) for CV evolution (see Tables 3 – 6, Knigge et al. ( 2011 )). 
Top panels: Donor radius and donor ef fecti ve temperature as a function of orbital period. Because a pre-bounce donor can be ruled out from the SED and optical 
spectroscopy, we place upper limits on the donor radius, which allow us to place upper limits on the donor temperature and mass. Bottom panels: Mass-loss rate 
by the donor, mass ratio of components, and donor mass as functions of orbital period. Red markers show the measured parameters (or parameter limits) of the 
SRGe0411 system from Table 5 . 
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the Roche lobe filling period–density relation (subsection 3.3.3 ). 
Both the donor temperature and donor mass show good agreement 
with the expected temperature and mass of period bouncers (upper 
and bottom right panels of Fig. 11 ). Finally, the X-ray luminosity 
provides an estimate of the accretion rate (lower left panel of 
Fig. 11 ; subsection 3.3.4 ). The estimated lo w v alue of the accretion 
rate provides additional evidence (independent of any donor radius 
assumptions) that SRGeJ0411 is a period bouncer. 

To sum up, all the computed parameters of SRGeJ0411 are 
consistent with the theoretical CV evolutionary tracks, suggesting 
that the SRGeJ0411 has passed through the period minimum during 
its evolution. We note that the WD mass of SRGeJ0411 is M WD = 
0 . 84 + 0 . 07 

−0 . 07 M ⊙, which is consistent with the mean WD mass in CVs 
0 . 81 + 0 . 16 

−0 . 20 M ⊙ (e.g. Pala et al. 2022 ), but higher than the mean mass 
of single WDs ( ≈0.6 M ⊙; Kepler et al. 2007 ). The estimated mass 
of the donor in SRGeJ0411 places the system close to or past the 
end of the CV evolutionary tracks of Knigge et al. ( 2011 ), which run 
for ≈3 Gyr (optimal) and ≈7 Gyr (standard). This means that these 
values may be considered as lower limits of the age of SRGeJ0411. 

Table 5. Binary parameters of SRGeJ0411. 
Parameter Value Origin 
Distance, d (pc) 324 + 26 

−31 (1) 
Orbital Period, P orb (min) 97.529544 ± 0.000173 (2) 
Extinction, A V 0 . 03 + 0 . 03 

−0 . 03 (3) 
WD surface gravity, log g 8.0 (fixed) (3) 
WD temperature, T eff, WD (K) 13 , 790 + 530 

−650 (3) 
WD radius, R WD (0.01 R ⊙) 1 . 0 + 0 . 09 

−0 . 09 (3) 
Donor surface gravity, log g 5.0 (fixed) (3) 
Donor temperature, T eff, donor (K) ! 1800 (3) 
Donor radius, R donor ( R ⊙) ! 0.11 (3) 
WD mass, M WD ( M ⊙) 0 . 84 + 0 . 07 

−0 . 07 (4) 
Accretion rate, Ṁ ( M ⊙ yr −1 ) (1.7 − 7.8) × 10 −12 (5) 
Mass ratio, q ! 0.05 (6) 
Donor mass, M donor ( M ⊙) ! 0.04 (6) 
Inclination, i ( ◦) ! 83 (6) 
Note. (1) Gaia parallax (subsection 3.3.1 ); (2) optical photometry (subsec- 
tion 3.1 ); (3) SED (subsection 3.3.2 ); (4) SED + WD mass–radius relation 
(subsection 3.3.2 ); (5) X-ray (subsection 3.3.4 ); (6) SED + Roche Lobe filling 
relation (subsection 3.3.3 ). 

Figure 11. Comparison of observed properties of SRGeJ0411 with the CV evolutionary tracks from Knigge et al. ( 2011 ). Black lines show the evolution of 
donor properties along the line for the ‘optimal’ model (solid line) and ‘standard’ model (dash-dot line) for CV evolution (see Tables 3 – 6, Knigge et al. ( 2011 )). 
Top panels: Donor radius and donor ef fecti ve temperature as a function of orbital period. Because a pre-bounce donor can be ruled out from the SED and optical 
spectroscopy, we place upper limits on the donor radius, which allow us to place upper limits on the donor temperature and mass. Bottom panels: Mass-loss rate 
by the donor, mass ratio of components, and donor mass as functions of orbital period. Red markers show the measured parameters (or parameter limits) of the 
SRGe0411 system from Table 5 . 
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(i)

(ii)



(A) Keck I/LRIS optical spectrum of SRGeJ0411. (B) Position of SRGeJ0411 in the 100 pc Gaia HR diagram.

(A)

SRG/eROSITA-discovered period-bouncer CV: SRGeJ041130.3+685350

• The binary parameters ( , ) are consistent with evolutionary models for post-period 
minimum CVs, suggesting that SRGeJ0411 is a new period bouncer. 

Teff,donor ≲ 1,800 K Mdonor ≲ 0.04 M⊙

(A)

HEA and Cosmology in the era of all-sky surveys, 7–11th October 2024 Arxiv: 2401.04178

(B)



X-ray spectrum of SRGeJ041130.3+685350

• The approximation of the X-ray spectrum of 
SRGeJ0411 by the power-law model gives a photon 
index of .Γ ∼ 1

• The X-ray light curve shows the variability within four 
sky surveys of SRG/eROSITA.

• X-ray luminosity (0.3-2.3 keV):  erg/s.≈ 3 × 1030

HEA and Cosmology in the era of all-sky surveys, 7–11th October 2024 Arxiv: 2401.04178



Conclusion

• Discoveries: 

- SRGeJ0453 is the first SRG/eROSITA-discovered AM CVn. Also, the 9th published eclipsing AM CVn. 

- SRGeJ0411 is a new period-bouncer CV discovered in the SRG/eROSITA all-sky survey. 

Ilkham Galiullin (KFU): IlhIGaliullin@kpfu.ru

• The multiwavelength approach allows for detecting and investigating more CVs missed in one-band surveys 
alone.  

• Future transient optical sky surveys, such as using the Rubin Observatory’s Legacy Survey of Space and Time 
(LSST), with a combination of X-ray data (SRG/eROSITA, Chandra, XMM-Newton etc), would likely have 
improved success in detecting the accreting binary systems in the near future. 

HEA and Cosmology in the era of all-sky surveys, 7–11th October 2024
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Abstract

AM Canum Venaticorum (AM CVn) systems are ultracompact binaries where a white dwarf accretes from a
helium-rich degenerate or semidegenerate donor. Some AM CVn systems will be among the loudest sources of
gravitational waves for the upcoming Laser Interferometer Space Antenna; yet the formation channel of AM CVns
remains uncertain. We report the study and characterization of a new eclipsing AM CVn, SRGeJ045359.9
+622444 (hereafter, SRGeJ0453), discovered from a joint Spektrum-Roentgen-Gamma (SRG) Extended Roentgen
Survey with an Imaging Telescope Array (eROSITA) mission and Zwicky Transient Facility program to identify
cataclysmic variables (CVs). We obtained optical photometry to confirm the eclipse of SRGeJ0453 and determine
the orbital period to be = P 55.0802 0.0003 minorb . We constrain the binary parameters by modeling the high-
speed photometry and radial-velocity curves and find Mdonor= 0.044± 0.024Me and Rdonor= 0.078± 0.012Re.
The X-ray spectrum is approximated by a power-law model with an unusually flat photon index of Γ∼ 1
previously seen in magnetic CVs with SRG/eROSITA, but verifying that the magnetic nature of SRGeJ0453
requires further investigation. Optical spectroscopy suggests that the donor star of SRGeJ0453 could have initially
been a He star or a He white dwarf. SRGeJ0453 is the ninth eclipsing AM CVn system published to date, and its
lack of optical outbursts have made it elusive in previous surveys. The discovery of SRGeJ0453 using joint X-ray
and optical surveys highlights the potential for discovering similar systems in the near future.

Unified Astronomy Thesaurus concepts: Cataclysmic variable stars (203); AM Canum Venaticorum stars (31);
X-ray identification (1817); X-ray surveys (1824); Time domain astronomy (2109); Binary stars (154)

1. Introduction

AM Canum Venaticorum (AM CVn) stars are ultracompact
binaries, where a white dwarf (WD) accretes material from a
helium-dominated, Roche-lobe-filling donor. The orbital period
of these systems lies in the 5.4–67.8 minutes range (for recent
reviews, see Solheim 2010; Ramsay et al. 2018). These
ultracompact binaries are potential laboratories to study
accretion processes under extreme conditions. Due to the short
orbital periods of AM CVn systems, their evolution is governed
by the angular momentum loss (AML) via gravitational wave
(GW) radiation (Paczyński 1967). Hellings (1996) recognized
that AM CVn stars may be detected by space-based GW
antennas. Indeed, many AM CVns are expected to be detected
by the Laser Interferometer Space Antenna (LISA; e.g.,
Amaro-Seoane et al. 2023; Kupfer et al. 2023).

AM CVns, like other cataclysmic variables (henceforth,
CVs), originate from initially more widely separated binaries
via common envelope evolution (Paczynski 1976). Currently,
three evolutionary channels are suggested for their formation.
In the Helium WD donor (He WD) channel (Paczyński 1967),
two common envelope (CE) episodes leave behind a detached
system composed by a more massive carbon–oxygen WD and
a less massive helium WD. This system evolves to shorter
orbital periods due to GW radiation. Once it reaches Porb≈ 5
minutes, the WD donor fills its Roche lobe, and mass transfer
begins. Because degenerate donors expand as they lose mass,
the system evolves to longer orbital periods.
Two CE episodes in the Helium star (He star) channel (Iben

& Tutukov 1987) leave behind a carbon–oxygen WD and a
low-mass He star, which may be nondegenerate or weakly
degenerate (Sarkar et al. 2023a). GW radiation brings the
helium star to Roche-lobe overflow. Mass transfer then results
in the decrease in the orbital period to a minimum of about
10 minutes, after which Porb starts to increase. Conventionally,
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A B S T R A C T 
Cataclysmic variables (CVs) that have evolved past the period minimum during their lifetimes are predicted to be systems with 
a brown dwarf donor. While population synthesis models predict that around 40–70 per cent of the Galactic CVs are post-period 
minimum systems referred to as ‘period bouncers’, only a few dozen confirmed systems are known. We report the study and 
characterization of a new eclipsing CV, SRGeJ041130.3 + 685350 (SRGeJ0411), disco v ered from a joint SRG/eROSITA and 
ZTF programme. The optical spectrum of SRGeJ0411 shows prominent hydrogen and helium emission lines, typical for CVs. 
We obtained optical high-speed photometry to confirm the eclipse of SRGeJ0411 and determine the orbital period to be P orb 
≈ 97.530 min. The spectral energy distribution suggests that the donor has an ef fecti ve temperature of ! 1800 K. We constrain 
the donor mass with the period–density relationship for Roche lobe-filling stars and find that M donor ! 0.04 M ⊙. The binary 
parameters are consistent with evolutionary models for post-period minimum CVs, suggesting that SRGeJ0411 is a new period 
bouncer. The optical emission lines of SRGeJ0411 are single-peaked despite the system being eclipsing, which is typically only 
seen due to stream-fed accretion in polars. X-ray spectroscopy hints that the white dwarf in SRGeJ0411 could be magnetic, but 
verifying the magnetic nature of SRGeJ0411 requires further investigation. The lack of optical outbursts has made SRGeJ0411 
elusi ve in pre vious surv e ys, and joint X-ray and optical surv e ys highlight the potential for disco v ering similar systems in the 
near future. 
Key words: X-rays: binaries – novae, cataclysmic variables – binaries: eclipsing – brown dwarfs – white dwarfs. 

1  I N T RO D U C T I O N  
Cataclysmic variables (CVs) are compact object binaries in which 
a white dwarf (WD) accretes from a Roche lobe filling donor, 
typically a late-type main-sequence star. The donor fills its Roche 
lobe and develops a teardrop-like shape, with the tip positioned at the 
⋆ E-mail: IlhIGaliullin@kpfu.ru 

Lagrangian L 1 point. Matter leaves the secondary star through the 
vicinity of this point and forms an accretion stream. When the Alfv ́en 
radius of the WD does not extend past its surface, the WD accretes 
material from the donor via an accretion disc (e.g. Warner 1995 ; 
Hellier 2001 ). In the case of a strong magnetic field, the accretion 
disc can be truncated (intermediate polars; B ≈ 1 − 10 MG) or may 
even be prevented from forming (polars; B ≈ 10 − 250 MG). In these 
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+ observing staff from Keck, Palomar, RTT-150
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