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!  Standard Candles 

!  Witnesses of the Universe at Young Age 

!  "Pure Radial Pulsators" 



P = 0.2 - 1.1 d 
Light variations of ~ 1 mag 



Radial&Pulsa*ons&



Figure:(Benkö(&(Barcza(2009(





Tucker 1913 



Tucker 1913, Lick Observatory Bulletin, No. 7   



     Pro-Am data (Kolenberg et al. 2006) 



(Blazhko 1907) 

Amplitude&and&phase&modula*on&
Very&common!&



Not always regular 

Period changes: “period noise” 

No exact repetition from one cycle to the next 

Longer cycles (years) 



Explana*ons&for&the&Blazhko&Effect&





  Influence of a nonradial mode upon the line profile variations 
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(Kolenberg 2002) 



RR&Lyrae&Stars…&in&the&past&two&decades&

Large&(and&dedicated)&surveys,&
&and&space&data:&

many&stars,&new&phenomena,&new&
boost&for&astrophysics&



RR&Lyrae&Community&

Space&data;&Big&Surveys;&Dynamical&Studies;&&
PeriodMColorMLuminosity&rela*ons;&&

The&Blazhko&Enigma;&&
Methods;&Numerical&Models;&&

Binarity;&Pulsa*on&and&Evolu*on;&&
Tracing&Galac*c&Structure&



RRL2015,&RRL2017,&RRL2019&

RRL2019:&October&2019,&New&Mexico&&



LOTS%OF%NEW%FINDINGS%%
THANKS%TO%THE%KEPLER%MISSION%

KEPLER%&%K2:%200982018%



Finding Earth-like exoplanets around 
solar type stars in the habitable zone 
with the transit method 

Kepler space mission – main goals  



Stellar structure and evolution 
via asteroseismology 

Kepler space mission – main goals  



The Kepler field 



Asteroseismology&with&Kepler&





Kepler and the RR Lyrae Stars 



Kepler’s&Blazhko&Zoo&

±50% Blazhko stars            Benkö et al. 2010, MNRAS 409, 1585!



Nemec&et&al.&2013&

CFHT&and&Keck&
Spectra&of&all&&
Kepler&RRLyr&stars&



RR&Lyr&in&the&Kepler&field&(!)&



Custom apetrure by Steve Bryson (NASA Ames) 



Kolenberg et al. 2006, A&A 459, 577 Kolenberg et al. 2011, MNRAS 411, 878!



Why&do&some&stars&do&it&and&others&don‘t?&

Repeating cycles! Blazhko modulation!
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Manifestations of period doubling:!
! alternating cycles!
! half-integer frequencies (1/2 fO, 3/2 fO, 5/2 fO,…)!

Kolenberg et al. 2010, ApJL 713, 198!
Szabó et al. 2010, MNRAS, 409, 1244!



Why&was&period&doubling&not&seen&before?&



Crazy&Star&

Guggenberger et al., 2012!

The&complex&case&of&V445&Lyr&observed&with&Kepler:&two&Blazhko&modula*ons,&a&nonM
radial&mode,&possible&triple&mode&RR&Lyrae&pulsa*on,&and&more!



GAIA%MISSION%%



RR&Lyrae&ProMAm&collabora*ons&

Dedicated&groundMbased&observa*ons&for&&
specific&targets!&

Loooong&*me&base&–&slow&evolu*on&
Mul*color&data&supplement&space&mission&data&

Specific&projects:&photometry&and&spectroscopy&
& & & &



RR&Lyrae&Spectroscopy&

• &&Abundance&studies&&

• &&Radial&Veloci*es(

• &&Line&profile&varia*ons&(

RR((Lyr((prototype)(–(mV(=(7.1C8.1&



RR&Lyrae&Spectroscopy&

• &&Abundance&studies&&

• &&Radial&Veloci*es(
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&TIME&SERIES&
• &&Line&profile&varia*ons&(

RR((Lyr((prototype)(–(mV(=(7.1C8.1&



RR&Lyrae&Spectroscopy&

• &&Abundance&studies&&

• &&Radial&Veloci*es&&CCC(stellar/galacHc(dynamics,(pulsaHon,(binarity?(

• &&Line&profile&varia*ons&CCC(stellar(dynamics((&(interior(detail:(
( ( ( ( ( ( ( ( pulsaHon,(magneHsm,(comvecHon)((

RR((Lyr((prototype)(–(mV(=(7.1C8.1&



RR&Lyrae&Spectroscopy&

• &Abundance&studies:&take&a&spectrum&at&the&right&moment&&

• &Radial&Veloci*es:&*me&series,&*me&resolu*on,&&
combina*on&of&lines,&&

& & & mind&the&Van&Hoof&effect&&

• &Line&profile&varia*ons:&minimum&R&>&30&000&and&S/N&>&100&&

RR((Lyr((prototype)(–(mV(=(7.1C8.1&



  Influence of a nonradial mode upon the line profile variations 
      
  
       

    
       

N
or

m
al

iz
ed

 In
te

ns
ity

 

Velocity (km/s) 

Ti
m

e 
  



Preston, Smak  
& Paczynski (1965) 

Level effect 

No exact repetition  



 Spectroscopy of RR Lyr through the Blazhko cycle 

MMMMMMMMMMMMMMMMMMMMone&Blazhko&phaseMMMMMMMMMMMMMMMMMMMMMM& MMMMManother&oneMMMMM&



Kolenberg et al. 2011&

Spectroscopic Study of RR Lyrae!



Kepler,&K2,&TESS&–&groundMbased&data&&




