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The K2 RR Lyrae Survey



• old, low mass, He-core, H-shell burning 
     horizontal branch stars 
• globular clusters, field, halo,  
     extragalaxies, … 
• 0.5-1.5m amplitude, 0.2-1.0d period 

• RRab: fundamental mode 
• RRc: first radial overtone 
• RRd: fundamental + first overtone   

• Blazhko effect:  
     amplitude and phase modulation 

• distance indicators,  
     galactic structure tracers

RR Lyrae stars - introduction

H. A. Smith:  RR Lyrae stars 1995
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RR Lyrae stars - introduction

Gilliland et al. 2010, PASP, 122, 131 

• old, low mass, He-core, H-shell burning 
     horizontal branch stars 
• globular clusters, field, halo,  
     extragalaxies, … 
• 0.5-1.5m amplitude, 0.2-1.0d period 

• RRab: fundamental mode 
• RRc: first radial overtone 
• RRd: fundamental + first overtone   
     
• Blazhko effect:  
     amplitude and phase modulation 

• distance indicators,  
     galactic structure tracers
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RR Lyrae stars - introduction

• old, low mass, He core H shell burning 
     horizontal branch stars 
• globular clusters, field, halo,  
     extragalaxies, … 
• 0.5-1.5m amplitude, 0.2-1.0d period 

• RRab: fundamental mode 
• RRc: first radial overtone 
• RRd: fundamental + first overtone   
    
• Blazhko effect:  
     amplitude and phase modulation 

• distance indicators,  
     galactic structure tracers

Sesar et al. 2011, ApJ, 731, 4 
based on RR Lyrae in SDSS
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Monoperiodic (mostly) 

Radial pulsation 

Simple light curves 

Blazhko-effect: rare 

Blazhko-effect: simple 

RR Lyrae: the space photometric revolution
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Monoperiodic (mostly) 

Radial pulsation 

Simple light curves 

Blazhko-effect: rare 

Blazhko-effect: simple 

RR Lyrae: the space photometric revolution

Multiperiodic 

Radial + Nonradial  

Complex light curves 

Blazhko-effect: ~50% 

Blazhko-effect: complex, 
multiple modulations 

2006 2016
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RR Lyrae: the space photometric revolution

2016

irregular Blazhko 
modulations

chaos?

additional 
frequencies

period 
doubling

high-order 
resonances 

new explanation for 
the Blazhko effect

high radial 
overtones

multiple Blazhko  
modulations
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The Kepler legacy - period doubling

Kolenberg et al., 2010, ApJL, 713, L198,       Szabó et al. 2010, MNRAS, 409, 1244 
Szabó et al. 2014, A&A, 570, A100

Q5-Q12 (2yr) short-cadence Kepler  light curve of RR Lyrae 
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The Kepler legacy - period doubling

Kolenberg et al., 2010, ApJL, 713, L198,       Szabó et al. 2010, MNRAS, 409, 1244 
Szabó et al. 2014, A&A, 570, A100

Period-doubling: only in Blazhko-modulated RRab stars
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The Kepler legacy - period doubling

Szabó et al. 2010, MNRAS, 409, 1244       Kolláth et al. 2011, MNRAS, 414, 1111 
Buchler & Kolláth, 2011, ApJ, 731, 24

 Resonance paradigm: 
 Cause of the period doubling: 9:2 resonance with the 9th radial overtone. 
 The same resonance may cause the Blazhko-modulation.

F 

O9
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2 years

27 days

The Kepler Blazhko zoo

Benkő et al. 2014, ApJS, 213, 31 STARS2016



Fairly regular What is this one doing?!

The Kepler Blazhko zoo 
Multiperiodic modulations are the norm

Guggenberger et al., 2012, MNRAS, 424, 649 

V445 Lyr
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Additional modes

• Frequencies around 
the radial O1, O2 are 
common 

• Radial modes        
RR Lyrae: O1             
Molnár et al. 2012 

or 

• Nonradial modes 
in 1:1 resonance with 
the radial mode  
Dziembowski & Mizerski 
2004                                   
van Hoolst et al. 1998

Radial modes

Kepler Blazhko RRab sample  Benkő et al. 2014, ApJS, 213, 31 STARS2016



Additional modes

Modulated stars: 
frequencies around the 
radial O1, O2 are 
common. 

Radial modes or   
Nonradial modes in 
1:1 resonance with the 
radial mode 

Non-modulated stars: 
no additional frequencies 
in the spectra down to the 
Kepler & CoRoT limits. 
Nemec et al. 2011 - Kepler                          
Szabó et al. 2014 - CoRoT

Radial modes

CoRoT RRab sample  Szabó et al. 2014, A&A, 570, A100
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Additional modes

Modulated stars: 
frequencies around the 
radial O1, O2 are 
common. 

Radial modes or   
Nonradial modes in 
1:1 resonance with the 
radial mode 

Non-modulated stars: 
no additional frequencies 
in the spectra down to the 
Kepler & CoRoT limits. 
Nemec et al. 2011 - Kepler                          
Szabó et al. 2014 - CoRoT

Radial modes

CoRoT  RRab sample  Szabó et al. 2014, A&A, 570, A100
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Radial + nonradial puls. modes

Netzel et al. 2015, MNRAS, 453, 2022

Extra modes are present 
- in all BL-modulated  
   RRab stars 
- in all RRc stars 
- in all RRd stars 

BUT absent in 
- non-modulated RRab  
stars

unstable f-modes of l = 7,8,9 angular degree ?   
Dziembowski   Comm. from the Konkoly Obs.,105, 201, 2016

RRc + RRd stars with 0.61 period ratio
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Radial + nonradial puls. modes

Netzel et al. 2015, MNRAS, 453, 2022

Extra modes are present 
- in all BL-modulated  
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Additional modes

Additional frequencies in space photometric targets 

• Blazhko-modulated RRab stars :   all 

• non-modulated RRab stars:           none  

• RRc (first overtone pulsators O1): all 

• RRd (fundamental mode + O1):     all
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Additional modes

Additional frequencies in space photometric targets 

• Blazhko-modulated RRab stars :   all 

• non-modulated RRab stars:           none  

• RRc (first overtone pulsators O1): all 

• RRd (fundamental mode + O1):     all

MOST+ Kepler + K2 + CoRoT:  

additional modes are universal !

STARS2016



K2 Mission along the Ecliptic 2014-

STARS20162013 November, Mountain View, CA, 2nd Kepler Science Conference



The K2 RR Lyrae Survey
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The K2 RR Lyrae Survey

K2 Campaigns C0-C13 along the ecliptic 

black: observed 
blue: scheduled 

NASA Senior Review extended the K2 Mission (June 2016) 
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• Original Kepler field: ~50 RR Lyrae     
• K2: thousands of exquisite RR Lyrae light curves 

• K2 is a statistical mission:  
• occurrence rate of dynamical phenomena (resonances, 

extra modes, period doubling, Blazhko-modulation) and  
• dependence on age, metallicity, (extra)galactic 

environment, location —> better understanding 
• rare objects  

• Golden (well-observed) sample,  
• synergies with Gaia and LSST  
• (parallaxes, proper motions, distances) 

• Galactic structure studies:  
• halo streams, dwarf galaxies

Motivations for K2 observations
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K2 results

• rare objects 
(RRd stars,        
ultra-long 
period Blazhko 
modulations, 
etc.) 

• strongly 
amplitude-
modulated RRc

Molnár et al. 2014, IBVS, 6108 

RRd

AM RRc

STARS2016



• Most of the stars were 
discovered in the Catalina Sky 
Survey (CSS)

• 27 RRab stars  (11 modulated,     
3 uncertain, 13 non-modulated)

• 4 RRc 

• 2 RRd

K2-E2 field

Molnár et al. 2015, MNRAS, 452, 4283 STARS2016



RR Lyrae stars in Leo IV

• very small, old dSph 
• distance: 160 kpc 
• 3 known RR Lyr stars 
• V ~ 21.5 mag 
• doable with K2

Molnár et al. ApJ, 812, 2, 2015
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RR Lyrae stars in Leo IV

• differential image 

photometry 
• all 3 stars recovered 
• clear 30-day modulation 
•  will be useful                         

for TESS, PLATO

Molnár et al. ApJ, 812, 2, 2015
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A rare gem: modulated RRd star with K2
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A rare gem: modulated RRd star with K2
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A rare gem: modulated RRd star with K2
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A rare gem: modulated RRd star with K2
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STARS2016

Petersen diagram
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Take home messages

• Space photometry has revolutionized the study of classical variable 
stars 

• New dynamical phenomena can be studied: 
• period doubling, resonances 
• additional (nonradial) modes 
• complex and frequent modulations 

• K2, TESS, PLATO: bright future for space photometry 
• K2 RR Lyrae survey: 

• light curves will be public (contact: rszabo@konkoly.hu)  
• golden sample to calibrate and study upcoming Gaia and LSST 

data
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Prof. Don W. Kurtz + RR Lyrae stars

STARS2016

Discussion



Prof. Don W. Kurtz + RR Lyrae stars
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Prof. Don W. Kurtz + RR Lyrae stars
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Prof. Don W. Kurtz
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Personal thoughts 
He helped in 
• research/scientific questions 
• research group organization 
• career development,  
     job/grant applications 
• astronomy outreach 
• administration 

He never said ‘no’



Thank you 
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Thank you 

Don
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