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Overview

A search for 1-2 hour periodic white dwarfs in ZTF

Science goal: find cataclysmic variable period bouncers
Sample: Gaia WD Catalog with G < 19.5

Analyzed 124,819 ZTF WD lightcurves

Challenges: lightcurves have long term trends and flickering
Results: 235 periodic stars, 176 new!
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Cataclysmic Variables (CVs)
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Introduction

CV Evolution

Standard Model
Short—Period J: 1.0 x GR
Long-Period J: 1.0 x RVJ

Best—Fit Revised Model
Short—-Period J: 2.47+0.22 x GR
Long—Period J: 0.66+0.06 x RVJ
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Introduction

CV Period Bouncers

e Period Minimum
O Prediction: = 70 minutes (Goliasch & Nelson 2015; Kalomeni et al. 2016)
o Observation: = 83 minutes (cansicke et al. 2009)

e Period Bouncer Population

O Prediction: 40% (Goliasch & Nelson 2015) = 70% (Kolb 1993; Knigge et al. 2011)
o Observation: only a few KNnown (e.g. paia et al. 2018)

e Important for understanding CV evolution °°|
e Goal: find more period bouncers

—— — Standard Model
Short-Period J: 1.0 x GR
Long-Period J: 1.0 x RVJ

Best-Fit Revised Model
Period Short-Period §: 2.47£0.22 x GR
BQUHCers Long—Period J: 0.66+0.06 x RVJ
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Cross-matched ZTF WD lightcurves with the Gaia WD Catalog with G <19.5 (Gentile
Fusillo et al. 2021)

Requirement: ZTF epochs > 50

Total number of lightcurves analyzed: 124,819
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Challenges

106.704_3.413 (07h06m49.0s_+03d24m46.8s)
Light Curve
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rThe periodic signal is hidden by:
e Long term trends
e Flickering
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Gaussian Process Regression

[0 Nonparametric, Bayesian approach \
e Uncertainties Approximating true function with more data
e \arious usage (Aigrain and Foreman-Mackey) STl R
o Exoplanet transit , @ Observeddata
Eclipse modelling
AGN variability
Pulsar timing

Instrumental systematics

output, fix)

intput, x

Credit: Jle Wang
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Solution

Gaussian Process Regression
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r data
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1. Gaussian process regressor (scikit-learn)

2. Sigma clipping (astropy)
3. Lomb-Scargle period finding (gatspy)

\
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Analysis

Putting it all together

106.704_3.413 (07h06m49.0s_+03d24m46.8s)
Light Curve

Lightcurve With - ; oo
Clipped Data Points .., | i

clipped r data
17.0

Magnitude

17.2

Lag I T

&

17.4

2458200 2458400 2458600 2458800 2459000 2459200
Heliocentric Julian Date

Gaussian Process Regression Best-Fit Period
The best period is 0,071 daEyS =102 minutes
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The highest Lomb-Scargle power is 0.105 x Highest power
0.12 (highest power-median)/std = 18.880
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Results

CV Pre-CV Pulsator Rotator SdB

Known Classification
New Classification
No Classification

46 3 1 4 5
50 56 0 10 3

Total

96 59 14
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Discussion

Histogram of Periods

mmm Known CV
- New CV

mmm Known Pre-CV
s New Pre-CV

mmm Known Rotator
s New Rotator

mmm Known Pulsator
B New Pulsator

mmm Known SdB
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Discussion

Short Periodic Signals

Period (minutes)
120

Rotator
Pulsator
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Discussion

Other Interesting Object: Pulsator

280.1574_64.3866 (18h40m37.8s_+64d23m11.8s)

e Extremely low mass
e DA white dwarf “q TS T T
e Multi-periodic SBE: U h T
o 4885 s (this project) RELe
o 4446 S (Hermes et al. 2018) e e
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The highest Lomb-Scargle power is 0.091 % Highest power
(highest power-median)/std = 53.901
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Project Summary Future Work

e Applied GPR to 124,819 e Spectroscopic and
ZTF WD lightcurves photometric follow-ups
Found 235 short periodic Our code can be applied to
signals, 176 new! other surveys (i.e. LSST)
Many new interesting GPR is good for finding
objects with various periods of poorly sampled,
types imperfect data

zhuofu@uw.edu
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