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ABSTRACT
Context . The theory of stellar evolution can be more closely tested today with more RRab stars than in 2007.
Aims.
We collected a lot of new very accurate times of maximum brightness of the galactic RRab stars in the GEOS
database. We go on with automated telescopes and stimulate the interest of individual observers. We compare our
results with other studies.
Methods. As in 2007, we analyzed the stars showing a clear O-C pattern (constant, parabolic or erratic) by means of different
least-square methods, but we have now 246 RRab instead of 123.
Results. Clear evidence of period increases or decreases at constant rates has been found even with smaller rates thanks to the
new very accurate data. The suggested evolutionary effects are nearer those of the theory but always too large. The
number of increasing RRab is now twice this of decreasing one as found in Globular clusters RRab stars.
Key words. Astronomical data bases: miscellaneous – Stars: evolution – Stars: horizontal – branch – Stars: variables: RR Lyr.
1. Introduction
Since our first paper on the RRab period evolution (Le Borgne et al., 2007), we have gone on to fill up the GEOS RR Lyrae
database (http://rr.ast.obs-mip.fr/dbrr-V1,0_0.php) with the times of maxima observed by the TAROT telescopes (Bringer et al.,
1999), the team of individual observers collaborating with GEOS and by all the new times published in various papers. The
GEOS RR Lyrae database being more and more known and used, more professional and amateur astronomers are publishing
their times of maximum brightness, for instance, American and even Japanese. It is so that we have been able to double the
number of RRab stars with enough times of maximum brightness during 50 till more than 120 years and showing a clear O-C
pattern. It is the evolution of the period of these RRab stars that we have revisited here, obtaining some different results. We
publish also the new elements of the period of more than 500 other RRab and RRc stars in order to give recent and coherent
values calculated for all the laps of time covered by data in the GEOS database.
2. RR Lyrae period variations, preceding results
We have read the papers yet published on our subject. Generally, the data are providing from measurements of RR Lyrae in
Globular Clusters because they are containing a great number of those variable stars with several common characteristics as
distance, metallicity and ages. Our data are coming from RR Lyrae of the field of our Galaxy. We have thus a large panel of
all kinds of RRab Lyrae and, if we do not study the RRc subtype, it is only because our data about them are nor numerous or
accurate enough. So, we have obtained more general results on RRab with also insight into some details. Here are the
published results that can be compared with ours.
P.G. Rathbun and H.A. Smith, 1997. We have here the study of the period changes of RRab and RRcd in seven Globular
Clusters from data found in the literature. The authors found that “the observed rates of period change in RR Lyrae stars can be
both an order of magnitude too large and of the wrong sign when compared to the expectations of stellar evolution theory”. If
they eliminate one of the clusters, they reduce but not eliminate the excess of RRab Stars showing large rates of period decrease
compared to increase. They obtained also some RR Lyrae with irregular period changes.
J. Jurcsik et al., 2001. It is an analyse of the period changes in the ω centauri RR Lyrae stars. As concerns the RRab subtype,
periods increases of 10-11 to 10-9 days days-1 dominates in most of these stars in agreement with evolutionary model predictions
for the late redward phase of the horizontal-branch evolution. But there is also RRab with irregular period changes and one
very large period decrease rate with no satisfactory explanation.
A. Kunder et al., 2011. Then years after the above-mentioned paper, the observed period variations of the RR Lyrae stars are
always setting some problems to be explained by the theoretical models. The period rates of change are very similar for the RR
Lyrae in Oosterhoff I and Oosterhoff II globular systems. There are everywhere more increasing periods than decreasing
periods and the rates of change are too large.
J. Jurcsik et al., 2011. They have worked on a 120 years photometric monitoring of 134 RR (ab and c) Lyrae in M3. They
arrived at the conclusion that the mean period-change rates are in harmony with the HB models, but that they are a great part of
stars which period-changes are in contradiction.
J.-F. Le Borgne et al, 2007. In our first paper about the RRab of the field of the Galaxy period evolution, we had « only » 123
RRab in our data and we found that the decreasing periods were slightly less than the increasing periods. The period changes
were larger than expected, the variations could be very complicated in some cases and the Blazhko effect was often surimposed
on secular changes.
M. Sarka, 2013. This paper is very useful to know witch RRab have sure published Blazhko effect surimposed on the secular
period variation.
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3. New sample of data
With the great number of new maxima brightness added in the GEOS RR Lyrae database these six last years, we have
doubled the number of RRab variables with at least 20 maxima covered 50 years or more given a valuable curve of the O-C’s.
The new times of maxima are generally obtained from very good ccd measurements and they are nearly ten times more
accurate than the visual and photographic instants of the beginning of the XX th century. We have now, for more and more
RRab stars, a good idea on period variations at long, short and very short times. For example, if we know that an RRab has a
strong Blazhko effect, we shall not be surprised to have an O-C light curve with oscillations of ± 0.02 day and a greater than
usual sigma of the O-C’s.
We have used the same method as described in Le Borgne et al., 2007. As concerns the results with our new sample of 246
stars instead of 123, the great differences are that the number of increasing periods is now twice this of the decreasing periods
and that the constant periods are still more numerous.
Table 1: Inventory of the O-C patterns of the RRab stars of our new sample compared with this of 2007
Period
constant
increasing
decreasing
irregular
sum

2013
116 (47%)
63 (26%)
32 (13%)
35 (14%)
246 (100%)

2007
54 (44%)
27 (22%)
21 (17%)
21 (17%)
123 (100%)

4. The RRab with constant period
We have now 116 RRab with a constant period during at least 50 years (47% of our sample). We have been induced to
change the constant classification for five RRab: the new accurate data allow us to determine the increase rate of RV Oct and
AS Vir and the decrease rate of SZ Gem and ST Oph ; they also allow us to see that GV And has had a rapid period change.
We have far more constant periods than found in Globular Clusters. We can think that they are evolving, for a great part of
them, on the way to the blue where the evolution is very slow and, for a less part of them, on the beginning of the way to the
red, where the rates of change are too faint to be detected with the accuracy of our data during a laps of time of only 50 to 120
years. There are probably more RRab of the field of the Galaxy in these stages of evolution than in the Globular Clusters.
5. The RRab with increasing period
The more different result of this paper compared with the one of 2007 is that we have now twice more increasing RRab (63)
than decreasing one’s (32). All the increasing RRab of 2007 have gone on to increase.
The mean dP/dt (10-10 d/d) of our new sample of 63 increasing period RRab is 8.13 (7.87 in 2007 with 32 stars) and the
median is at 4.22 dP/dt (10-10 d/d) (4.47 in 2007) what meant that a few stars with a large rate of increase have a great weight on
the mean result. Moreover, the new very accurate instants of maximum (see data of AA Aql and UY Cyg) are given us the
possibility to determine lower rates of change.
If we take into account only the 27 stars of 2007, their mean dP/dt ( 10-10d/d) is now 7.68 (7.87 in 2007) and their median rate
of increase in now 3.98 (4.47 in 2007). When we observe during a longer time, the rate of increase is lower, probably because
the little period irregularities are cancelling each other out.
Because their period is increasing, those RR Lyrae stars are evolving towards the red part of the horizontal branch.
6. The RRab with decreasing period
We have now 32 RRab (21 in 2007) with a monotonous rate of decreasing period. With the new instants of maximum light
observed during these last six years, two RRab of our set of 2007 (RX Cet and SW Psc) have now to be considered as irregular
period RRab Lyrae stars. They had high rates of change: dP/dt (10-10 d/d) was of -6.80 and -20.70 respectively and they have
relatively long periods of 0.574 and 0.521 days.
The mean dP/dt (10-10 d/d) is now -7.31 with 32 stars (-7.56 in 2007 with 21 stars). It is -6.74 if we take into account only the
19 RRab remaining from 2007. The median dP/dt (10 -10 d/d) is now -4.79 with 32 stars (-5.43 in 2007 with 21 stars). But if we
consider only the 19 RRab remaining from 2007, the median dP/dt (10 -10 d/d) is now -4.63. The rates are thus fainter with more
observations as it is the case with the increasing RRab and it is interesting to see that the increasing and decreasing rates are not
so different, higher for the mean one of increasing periods, but higher for the median one of decreasing periods.
Because their period is decreasing, those RR Lyrae stars are evolving towards the blue part of the horizontal branch.
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Table 2: Refined linear elements for stars showing a constant period. The note B or B: indicates the stars having a published or
probable published Blazhko effect
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Table 3: Linear and parabolic elements of RRab stars showing a well-defined linearly increasing period. The note B or B:
indicates the stars having a published or probable published Blazhko effect
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Table 4. Linear and parabolic elements for RRab stars showing a well defined linearly decreasing period. The note B or B:
indicates the stars having a published or probable published Blazhko effect
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7. The RRab with irregular period
14 % (35 stars) of our studied RRab of the field are showing one or more changes of period, sudden or not. The amplitude of
the changes is clearly higher for irregular periods than when the periods are increasing or decreasing at a same rate with time.
The amplitude of the O-C’s of the group of irregular periods is about twice those of the increasing and decreasing periods. So
the highest changes of period are occurring irregularly.
After a look at the O-C curves of the RRab with an irregular period, we obtain 10 stars with no significant direction of
change, 12 stars with a period that has increased and 14 stars with a period that has decreased. The changes of period may be
sudden or progressive and varied. They may occur rarely or very frequently according to the star. The case of three RRab has
to be noted. The period of V759 Cyg remains constant during 55 years before a sudden increase, followed by a sudden
decrease with the first period similar to the now-a-day’s one. The period of SZ Hya remains constant during 36 years and, after
a sudden decrease, it is pulsating since 77 years with the same new tempo. The period of WZ Hya decreases suddenly between
two laps of time of 59 and 51 years of constant periods. This kind of change is probably due to a change occurring more inside
the star, near the core or where radiation become convection. All that shows also that, if the data coverage should be changed
or shifted in time, several RRab of the groups of irregular and constant period whould be inverted. On the other hand, the stars
whose period has changes more than two times and in a varied way seem to remain irregular for a more long time.
Table 5: Refined elements for stars showing an irregular period. The note B or B: indicates the stars having a Blazhko effect or
probable Blazhko effect published

8. Blazhko effect
We have searched for the relation between the occurrence of the Blazhko effect and the evolution of the period of our studied
RRab stars. From our 247 RRab, we know that at least 48 are showing the Blazhko effect and that 13 more stars are probably
also Blazhko stars. Moreover, only 13 RRab are certainly without Blazhko effect. As it is sure that more stars of our sample
have a Blazhko effect, but that it has not yet been published by lack of suitable measurements or studies to find the Blazhko
period and the amplitude of the phenomenon for example, we consider as Blazhko stars also the probable Blazhko RRab for the
following statistics.
RRab with a constant period:
17 stars/116 = 15%
RRab with an increasing period:
16 stars/63 = 25%
RRab with a decreasing period:
8 stars/32 = 25%
RRab with an irregular period:
20 stars/35 = 57%
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As Jurcsik et al., 2011 observed in M3, the percentage of Blazhko stars is very higher for irregular RRab and is the lowest for
constant period RRab. Thus, more the period varies, more the Blazhko effect is occurring. More RRab with Blazhko effect are
certainly still to be found. This search is very important in order to better understand the whole pulsation process in RR Lyrae
stars. The publication of lack of Blazhko effect is also desirable.
9. The period and period changes of the field RRab – Conclusions
The average period of pulsation of our different groups of RRab of the field of the Galaxy (constant, increasing, decreasing
and irregular) is not significant, the period depending on too much varied factors other than the evolutionary one. The only
thing that we can mention is that the average period of the field RRab of our sample is 0.53 days, just a little shorter than in
Oosterhoff I clusters (0.55 days) and much more shorter than in Oosterhoff II clusters (0.65 days). There is probably more
younger RR Lyrae in the field than in the Globular Clusters of our Galaxy.
On the other hand, the period changes of the field RRab and their rate of change, the subject of this paper, and the obtained
results are important because they can be compared with other results based on observation and with the theory of evolution.
To obtain an evaluation of the mean period change of the field RRab all along their strip in the instability branch, we have to
consider all our RRab. However, the RRab with irregular period were rejected from the calculation because it is impossible to
give them a direction nor a rate of change.
The mean rate of change has been obtained with the sum of the positive rates (dP/dt) minus the sum of the negative rates.
The result has been divided by the number of constant, increasing and decreasing stars (211 RRab):
+278.43 dP/dt (10-10 d/d) / 211 = 1.32 dP/dt (10-10 d/d)
the mean β (dMyr-1) = 0.04 and the mean α (Myr-1) = 0.09
Those results seem to be four times too high for stars pulsating as RRab Lyrae during 10 8 years, but we have to remain that all
our stars do not begin their RR Lyrae track at the same place of the horizontal branch, and that they do not follow the same way
of evolution. Furthermore, perhaps we have to observe during a longer time in order to much better smooth the short term
irregularities.
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Annexe : New ephemerides of the RRab and the RRc non studied here, but having at least 20 maxima in the GEOS
database and several other RR stars.
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