Where is the energy or where does it come from?
On the amplitude of harmonics of the CoRoT RR Lyrae star 101370131
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Abstract

Corot 101370131 has been discovered to be a monoperiodic RR Lyrae by the CoRoT satellite during 1ts first Fit A
long run (LRcO1). It pulsates highly non-linearly with a 0.619332719 day period: 33 harmonics of the main
frequency are identified in the Fourier spectrum. Our fit based on this Fourier decomposition 1s the most
accura@ one which has been.ever done for a monoperiodic RR Ly'rae.star. The amplitude behaviour of .the mined by the lower order harmonics (first green line
harmonics does not follow a simple exponential decrease. By investigating the energy balance of the pulsation in Fig. 2.) The higher order harmonics have much higher
we tested two alternative explanations of this strange behaviour. amplitude that we can expect by the single exponential be-

We suppose that the amplitude behaviour of the har-
monics follow the same exponential decrease as deter-

haviour. In that case we have to explain some energy gain
over the pulsation.

Data & analysis Amplitude of the harmonics . .
We separated the contribution of the higher order harmon-

- ics using the observed Fourier parameters and supposing
Observations : Fourier amplitudes according to a single exponential de-
Data of CoRoT 101370131 (a = L ’ B crease. Synthetic light curves were calculated in both
192 28™ 14.4%, § = +00° 06’ 3.27", t T cases and compared them in the top panel of Fig. 3. Red
V = 15.28 mag) have been measured : continuous line shows the hght curve contribution of 12-
by the CoRoT exoplanet CCDs dur- T s o oof 33th harmonics of the observed Fourier parameters, while
ing the first long run (from 16 May 2; : i green dashed curve were generated by the same harmon-
2007 to 15 October 2007) in the cen- N Y S S SR SO ics having amplitude determined by the single exponential
tre direction (LRcOl) of the Galaxy. b decrease.
The total t.ime >pdil .is 152 day.s, the : %o, Comparing the red continuous and the green dashed
time sampling of the light curves 185,12 IS A dad St At Al Al curves we found a narrow phase region (~ 0.8 — 0.9)
secqnds. We used here the resulting : 5 Y o N N where the model and the real light curves differ. As we
“white™ flux. see this region locates 1n the ascending branch of the pul-
Analy31s Fig. 1. Fourier amplitude behaviour of Corot 101370131. The main panel shows the sation, where the shock wave 1s the strongest.
A standard Fourier analysis was decrease of the amplitudes on an overall scale. The amplitude behaviour seems to Fit B
made by use of the MuFrAn (Multi- follow an exponential decrease as it was noticed in previous ground-based investi-
Frequency Analyzer) package (Kol- gations. Since with our high quality data set we can follow the harmonics up to 33th An other option is a fit using two exponentials (green
lath 1990). The spectrum is dom- order, we could investigate the amplitude behaviour of the higher order harmonics with lines in Fig. 2.) with a breaking point at around the

inated by the main pulsation fre- 10th harmonics. Here we suppose that the medium or-

much lower amplitude. As the insert shows the higher order harmonics do not follow

quency fo = 1.614641 d~" and the exponential amplitude decrease of the lower order harmonics. der harmonics (10-15th) behave in amplitude according
its harmonics up to the 33th order. the second exponetial determined by the highest order har-
This 1s the highest number of harmon- monics.

ics ever detected in a monoperiodic
RR Lyrae star. The good sampling and
high accuracy allowed us to detect sig-
nificant peaks up to the Nyquist fre-
quency (fy = 84.375 d™'). CoRoT
data surpass all ground-based observa-
tions 1n accuracy and even Kepler long
cadence data as well 1n respect of time
resolution.

FItS fOr th e dam pl itUdeS Synthetic light curves were calculated again using the me-

dian order (10-15th) harmonics in two ways: using the
observed Fourier parameters (red line in bottom panel of
- Fig. 3.) or calculating the amplitudes according to the ex-

ponential function of the higher order harmonics (green
dashed line).

Log amplitude

The measured amplitudes present smaller contribution
than the model light curve. The difference between two
curves localized in a wider range than in Fit A around the
minimum of the light curve. This 1s around the phase of
By investigating the amplitude of har- the early shock ends and where the main shock starts.

Amplitude decrease %

monics we see that there is a lo-
cal minimum of the harmonics’ am-

plitude at the 11th harmonic, as it o .
has been mentioned by Paparé et al. decrease according to the rate of lower (0-11th) harmonics. Fit B uses two exponentials A monoperiodic RR Lyrae star pulsates with extremely
high regularity. The kinetic energy included in the pul-

R .. sation 1s the same from cyle to cyle. Compared to the
in Fig 1. Similar feature was also . .. A .
observations our first hypothesis (singe exponential fit:

found 1n other CoRoT RR Lyrae star L ] .
V1127 Aql (Chadid et al. 2010), al- i L ] Fit A) revealed 0.03% extra energy. The second hypothe-

though the amplitudes of V1127 Aql i ﬂ % lslllsg(g)"i(; flf;(l))n;l;l:ragl; in the fit: Fit B) showed 0.05% miss-

h ] tandstill instead of th i ]
show only a standstill instead of the o A N\/W

Fig. 2. Amplitude behaviour represented on the logarithmic scale. The (green) lines

Energy balance

show the fitted exponential functions. Fit A represents the case where amplitudes

(2009). The exact behaviour is shown with a breaking point at the local minimum in amplitude at the 11th harmonic.

turning back presented in Fig 1. ¢ i In both hypotheses the differences concentrate in the
Current models are not able to re I | ] phases where the shock waves appear in the atmosphere
produce the finest details of RR é ey of RR Lyrae stars. In the first case, extra energy 1s su-
: E L messedconn L perposed to the pulsation by shock weaves, while in the

Lyl’ae llght curves. NGVGI"[hd@SS, m - model coeff. (2 exponentials) - . .
02 - second case some part of the pulsation energy 1s blocked

we can address the question based on I
the observation: 1s there any energy I

blocking mechanism acting, produc- Oj\f\/\/\/\/\/
ing lower amplitude around 10-15th [

harmonics or some extra energy is in- erT _
cluded 1n the highest order (12-33th) o 2 4 6 8 1 12

harmonics? The energy requirements
of both options are tested.

by shock waves.

Fig. 3. Location of the brightness differences between the model light curves and ob-

served data. Red continuous lines show the folded sythetic light curves calculated with

the appropriate observed parameters (see text for the details). Green dashed lines show
Refe rences the same functions prepared for the model parameters. For comparison the observed
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