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. Standard Candles

» Witnesses of the Universe at Young Age

- '"Pure Radial Pulsators”




P=02-11d
Light variations of ~ 1 mag




Radial Pulsations
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Ut vanatons af diferent Blazhio Phases
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Pro-Am data (Kolenberg et al. 2006)




8 The Blahko Lffect

(Blazhko 1907)

Blézh)co %r(od PB

. SN T L T A
~“ PP eweenes e BwN B A'S \ \

j%d@/]?clsahm)’ema{ F




The Blazhko Efect

Not always regular

Period changes: “period noise”
No exact repetition from one cycle to the next

Longer cycles (years)




Explanations for the Blazhko Effect







Influence of a nonradial mode upon the line profile variations
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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;
Period-Color-Luminosity relations;
The Blazhko Enigma;
Methods; Numerical Models;
Binarity; Pulsation and Evolution;
Tracing Galactic Structure




RRL2015, RRL2017, RRL2019
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RRL2019: October 2019, New Mexico
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Finding Earth-like exoplanets around
solar type stars in the habitable zone
with the transit method




Brightness

Light Detected Curve

Stellar structure and evolution
via asteroseismology




The Kepler field




Asteroseismology with Kepler

target #3062 Kepmag 11.6 x 10" ‘target #3118 Kepmag 104 Yarget #1053 Kepmag 10.5
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TAKING THE "PULSE" OF STARS
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Benkoé et al. 2010, MNRAS 409, 1585
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CFHT and Keck

Spectra of all
Kepler RRLyr stars




RR Lyr in the Kepler field (!)
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Custom apetrure by Steve Bryson (NASA Ames)
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RR Lyr Kepler Q1+Q2 data (2009)
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RR Lyr ground-bosed data (2004)

Kolenberg et al. 2006, A&A 459, 577
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Kolenberg et al. 2010, ApJL 713, 198
Szabo et al. 2010, MNRAS, 409, 1244




Why was period doubling not seen before?

“terrestrial exclusion principle”




S
(qe]
)
V)
>
N
(48]
S
@

e ——

"IJ- 4'*’0‘:4|‘W4I0'ﬂ o

'......oo.......ooooo..N

.
e

3

b |

|

‘o M

Guggenberger et al., 2012

The complex case of V445 Lyr observed with Kepler: two Blazhko modulations, a non-

radial mode, possible triple mode RR Lyrae pulsation, and more
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RR Lyrae Pro-Am collaborations

Dedicated ground-based observations for
specific targets!

Loooong time base — slow evolution
Multicolor data supplement space mission data

Specific projects: photometry and spectroscopy




RR Lyrae Spectroscopy

e Abundance studies
e Radial Velocities

* Line profile variations

RR Lyr (prototype) —m, = 7.1-8.1




RR Lyrae Spectroscopy

e Abundance studies
e Radial Velocities

TIME SERIES
* Line profile variations

RR Lyr (prototype)—m, = 7.1-8.1




RR Lyrae Spectroscopy

* Abundance studies
* Radial Velocities --- stellar/qgalactic dynamics, pulsation, binarity?

* Line profile variations --- stellar dynamics (& interior detail:
pulsation, magnetism, comvection)

RR Lyr (prototype)—m, = 7.1-8.1




RR Lyrae Spectroscopy

* Abundance studies: take a spectrum at the right moment
» Radial Velocities: time series, time resolution,
combination of lines,

mind the Van Hoof effect

* Line profile variations: minimum R > 30 000 and S/N > 100

RR Lyr (prototype)—m, = 7.1-8.1




Influence of a nonradial mode upon the line profile variations

Normalized Intensity

Velocity (km/s)
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Spectroscopy of RR Lyr through the Blazhko cycle




Spectroscopic Study of RR Lyrae
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Kolenberg et al. 2011




Kepler, K2, TESS — ground-based data
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