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To end the RR Lyrae/Cepheid 2017 Niepolomice conference, this final session
was arranged to be an open discussion of outstanding questions and issues faced
by our community. We asked the conference participants to provide feedback and
responses, as well as to continue discussions for talks where we ran out of time
during the question/answer periods. The following proceeding is a transcription
of the open discussion session.

1

Introduction

There is a big interconnection between all of the sessions and topics, and these links
and synergies are precisely what we want to come out of this discussion. At the first
day, we said that we wanted you to think about three questions:
1. What do we know so far?
2. What is still to uncover?
3. What are the links with other topics/methods/aspects?
What questions have been answered? Are there a lot of open questions still
around? What tools are available and what tools have we been using to get to these
questions?
2

Transcript

Katrien Kolenberg: There is a big intersection of the session topics, and that is
what we want to cover in this summary session. Early in the meeting, on Monday, Johanna Jurcsik suggested that we consider the question “what questions were
already answered since the beginning”? We find that the same questions are still
present, but a lot of new questions have emerged. We also can look into what tools
we have been using in the past decades to apply to these old and new questions. We
have a few slides with distilled phrases, and we have tried to get feedback from all
the speakers in order to guide the direction of this session.
Karen Kinemuchi: So if there are any comments you want to make from
this week’s talks, this session is a good time to introduce them and continue the
discussion.
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Richard I. Anderson: I’ll be happy to begin with a comment related to the
surveys aspect. One thing we see are a lot of variability phenomena on longer
time scales – for instance RR Lyrae stars in binary systems and various types of
modulations. Different surveys and projects are coming online at different times,
and there is a danger of data getting lost. Many of us use smaller telescopes, and
their data are not archived by large organizations such as ESO. For variable star
astronomy and classical pulsators having long temporal baselines is really an asset,
so it is important to archive and make them available to everyone.
Katrien Kolenberg: Regarding the question of getting longer time baselines,
we also wondered what we should discuss? There are so many great ideas and potential to get simultaneous photometry and high-resolution spectroscopy time series.
However, it is time consuming to get these data. How do we get enough telescope
time for these data? Should we form consortia to get enough weight on telescope
allocation committees?
Nicolas Nardetto: Regarding the question “Will we in the future be able to
bypass the p-factor?”, there are two possibilities. You can have a number for the
p-factor, which includes all the physics of Cepheids, or you can model the spectral
lines, but then you have to make assumptions on the model. Somehow you have to
model the p-factor; it can be a number or it can be directly in the model, but you
cannot bypass the p-factor.
Geza Kovacs: The p-factor issue can be resolved with good distances, for example from Gaia because the p-factor affects distances. We will have very good distance
estimations that are probably on the order of 5% for nearby RR Lyrae stars. I think
the p-factor will be determined to that accuracy. And then you can extrapolate and
life is good again.
Karen Kinemuchi: So there could be a possibility that with Gaia DR2 coming,
a lot of the issues and concerns that have been discussed this week may be resolved, or
do you feel strongly that they won’t be resolved and that we’ll have more questions?
Pawel Moskalik: I would like to make a comment on the light curve – metallicity
relation. I was somewhat surprised at how seriously it is treated. The relation
is a very useful and practical tool, but we have to remember that this is not a
fundamental relation. It is a phenomenological relation – there is no fundamental
law that says there should be only two components in this relation or only one
Fourier phase is enough to get it. It is obvious to me that we will have to recalibrate
it over and over again. However, at each time, we get more precise data, and it will
improve the results. But we should not expect it to be cast in stone, because this is
phenomenological.
Geza Kovacs: I think the word “phenomenology” is not the proper one. The
relation is completely empirical, and there is no physics in it, nor do we know why
it works. This is the best we can do if you want to associate the light curve with the
iron abundance. The main thing is that the calibration goes back 20 years and is
based on spectral indices, which are apparently very good indicators for [Fe/H]. We
need better calibrated iron abundances for field stars and then repeat the calibration
again and see what happens. I really doubt that you need more parameters than we
currently use. And even if more parameters are needed, we still end up using things
we don’t understand. That is how it works.
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There are apparent systematic differences in the very low metallicity end for field
stars in the [Fe/H] range of −1.7 to −2.2. Because the sampling is very sparse for the
Galactic RR Lyrae stars, this low metallicity end is not well calibrated. However,
the systematic difference is not larger than about 0.2 dex. This result can be checked
with better metallicity measurements. Preston and his co-workers did a lot of work
towards this. The number of good stars is still very small, so it is hard to make
the recalibration efforts worth it. If someone has access to a telescope to conduct
a survey of at least 50 stars in a wide [Fe/H] range, then we can revisit this very
strange relation and its systematic differences. I believe the difference will be very
small because it is a three-parameter fit to a sample of 80 stars with some scatter,
and if you compute the error of the coefficients, you will see that it is not large. The
relation might change, and the real question is, what happens at the low metallicity
end?
Róbert Szabó: I have a different comment on one of the other topics that you
raised: What have we achieved? We are beginning to find very rare objects. Igor
mentioned this in his talk. Among millions of objects, there are a few that change
modes or have very long Blazhko periods. These objects will be very helpful to
constrain our models. And there were a lot of claims in the literature about stars
that stop behaving like Blazhko stars. When we can see such effects in reliable data
sets, it is extremely helpful in our efforts.
László Molnár: Going back to Richard’s comment, archiving data will be very
important! TESS will observe all bright RR Lyrae stars and Cepheids, but only in a
snapshot. Archived data of bright stars will be extremely valuable, as they are not
always included in surveys. For example, in the Catalina Sky Survey, we are limited
to objects fainter than 13th magnitude. It would be important to the community if
you have datasets on bright stars to come forward and share them. TESS is expected
to provide a short time scale coverage, so for the correct context, we will need all
the available data.
TESS will also offer very good light curves in a wide I-bandpass. The TESS data
can be paired with spectroscopic data, and for bright stars, spectra can be easy to
obtain. With a homogeneous set of light curves, this will present another possibility
to calibrate the photometric metallicities. We will have another calibration, separate
from the others that we have, but it will be quite homogeneous.
Monika Jurkovic: I advocate for discussion of Type II Cepheids, as they are
very different from classical Cepheids, and are closer to RR Lyraes by age and low
mass characteristics. It would be good to have more collaboration and exchange
with people from these fields. In particular, I find RV Tau stars are very puzzling,
and we have not discussed them here. I would like to encourage everyone to look
more seriously at these variable stars.
Nancy Evans: In terms of talking about archive data, there is one big platform,
“Seamless Astronomy”1 . Has anyone used it or have comments? Variable stars
probably get more observations per object, possibly than in any other category, so
has anyone used these systems? It is web-based and can connect to other databases.
Discussion: There seems to be a general consensus from the audience that
everyone uses some form of connected databases.
1 https://seamlessastronomy.org/
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Richard I. Anderson: The Virtual Observatory2 also plays an important role
in this regard. It connects people and databases that way. We should especially
consider data preservation in the case where people are sitting on data that are not
being archived in long term storage in order to enable future high-precision variability
studies over increasingly long temporal baselines. This goes beyond the timescales
over which individual scientists can plan. Data should be placed in databases where
it can be stored for a very long time.
Nancy Evans: Storing data in the long term leads to nontrivial questions.
NASA has fantastic databases3 because the provided data are calibrated. Nobody
can turn the levers, and the system is set.
Jan Lub: For RR Lyrae stars, there is the ASAS database, but the northern
part is not approachable for us. For Cepheids, Berdnikov has many light curves.
I’m sitting on hundreds of Cepheid and RR Lyrae data, but it is all on microfiche!
There are many places where you can find very good data.
Maurizio Salaris: A theoretician’s comment: when I was listening to Jan’s
talk about the slope of the MV − [Fe/H] relationship for RR Lyrae stars, it made
me think how difficult it must be to interpret the meaning of this relationship from
a theoretical point of view. Jan found the slope to be much steeper than the one
predicted from theory. It is hard to interpret from first principles the meaning of
the slope. It entirely depends on how you populate the horizontal branch. How is
this populated as a function of iron over hydrogen? It is very easy to change this
slope. For example, if you assume an intermediate metallicity, the instability strip
is uniformly populated. At a lower metallicity, you populate just the blue edge, or
slightly to the blue. Of course the more metal poor the population is, the more
evolved it is. Depending on how you populate the instability strip, you can easily
increase or decrease the slope.
Unfortunately, we cannot predict the mass loss, so we cannot predict the horizontal branch morphology from first principles. It is very tricky to interpret that,
especially if you want to apply this relationship as a distance indicator to different
systems. It is theoretically tricky to interpret how reliable these RR Lyrae distances
are from these relationships. I would rather say that the period-luminosity relation
in K, for example, in the infrared, would be less affected by the morphology of the
horizontal branch because due to the bolometric correction, there is a bit of evolution of the ZAHB (zero-age horizontal branch). The HB is much tighter in the
K-band, and the off-ZAHB evolution is actually much closer to the ZAHB than in
the V -band. You would expect much less uncertainty related to the unknown mass
loss if you use the P L − K relation than in the MV − [Fe/H] in the optical. That is
what I would say for the theoretical point of view.
Jan Lub: I fully agree with Maurizio. It has been customary to look for the
relation, as it has a long history. Maybe it is only valid for the local population, just
like the Oosterhoff dichotomy may be only valid for our own Galaxy. An important
relation to look at is the period-K relation, which is independent. It is important to
know how the horizontal branch is populated and its evolution. The long period/low
metallicity RR Lyrae are certainly brighter.
2 http://www.virtualobservatory.org/
3 e.g.

Barbara A. Mikulski Archive for Space Telescopes;
https://archive.stsci.edu/vo/mast services.html

pta.edu.pl/proc/v6p268

PTA Proceedings ? June, 2018 ? vol. 6 ? 271

Katrien Kolenberg, Karen Kinemuchi

Maurizio Salaris: It is worth doing. . . it is just hard to interpret exactly how
universal or how discrepant from the model it is.
Jan Lub: There are a lot of distances to galaxies and globular clusters in the
literature that are based on that relation.
Katrien Kolenberg: These are more words of caution on this topic. . . Here is
an inspirational diagram (Zoltán Kolláth’s diagram with puzzle pieces for Blazhko
effect). Regarding the Blazhko effect, it was interesting to see the links between the
talks. Johanna Jurcsik’s results on the analysis with the Baade-Wesselink method
on Blazhko stars provided some constraints for possible models, which were echoed
in Zoltán Kolláth’s talk. Links were also suggested to Dante Minniti’s light curve in
the IR, which did not show any Blazhko effect. From different angles, we are getting
closer to the phenomenon, but it is still not totally understood.
Geza Kovacs: For light curves in K-band, you have very low amplitude, and
the Blazhko effect is smaller accordingly. I don’t believe that Blazhko will cease
when you go to longer wavelengths. From the figures, the small amplitudes are
compared to the amplitude in the visual, and there is nothing being said about the
dynamics. I would be very cautious about drawing any conclusion about whether
or not the Blazhko effect is just a surface or a deeper phenomenon before I see what
those analyses say in the same framework as we do in the visual.
Pawel Moskalik: An honest statement is that Blazhko in K-band is not detected, but it is simply much harder to detect. I agree with Geza that we cannot
say that it does not exist in the K-band.
Katrien Kolenberg: This reminds me of a remark made by Zoltán Kolláth,
who mentioned in his talk that he does not think that a global phenomenon can be
solved by a local feature or symptom.
Richard I. Anderson: Perhaps people who have studied Blazhko for much
longer have the answer to this, but one quite intriguing thing for me is that for
RR Lyrae, the radius variation does not seem to be affected by the Blazhko effect.
The temperature variation does. We have these different variable stars where we
see different levels of irregularities in the pulsation, and the Type II Cepheids show
complex variations that we know probably the least about among these classical
pulsator stars. I wonder if the comparison between the whole range of classical
pulsators and the different types of irregularities might shed some light on whether
we may see an overarching phenomenon between the different stars depending on
their different structures.
Katrien Kolenberg: Thanks for that remark. Such a detailed comparison of
modulation properties of RR Lyrae and Cepheids was suggested by Johanna Jurcsik
and Gergely Hajdu and what observables to compare.
László Molnár: TESS will get a few modulated Cepheids in LMC. If we can get
good enough photometry, we can look for similar variations that we see in the K2
data of RR Lyrae stars. For example, in the period doubling cases, we only have one
example of a Cepheid and a modulated Cepheid. We might find more similarities
between modulated Cepheids and RR Lyraes.
Monika Jurkovic: Is there Blazhko effect in Type II Cepheids?
Pawel Moskalik: Yes. It is shown in the poster by Radek Smolec. There are
very few stars that show modulation.
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Geza Kovacs: Blazhko here means . . . ?
Pawel Moskalik: Small amplitude modulation of the light curve.
Geza Kovacs: If you plot a collage of RR Lyrae stars with Blazhko and the socalled Blazhko in other stars, you see a huge difference. The amplitude modulation
in some RR Lyrae stars could be extremely large. In some Blazhko phases you see
no variation. You cannot show me, except for one Cepheid in the field, that this
sort of amplitude diminishing appears. There is a huge difference between the two
phenomena.
Pawel Moskalik: It is a difference in modulation amplitude. In RR Lyrae
stars’, modulation is very deep . . .
Geza Kovacs: But it makes a big difference because it might make you think
[on how this difference comes about if the underlying physical cause is the same]. . .
Pawel Moskalik: I can give you a counterexample. Some double mode Cepheids
pulsating in two overtones show modulation, about 20 % of them. For the second
overtone the modulation is very deep, and the amplitude might go down by a factor
of 5 or 6. Whereas for first overtone, the amplitude is modulated by less than 20%.
If you are looking for very deep modulation in Cepheids, this is your example. The
phenomenon in double mode Cepheids pulsating in two overtones is quite common
in the LMC. Modulation occurs in at least 20 % of them!
Geza Kovacs: But you can’t show me a single-mode Cepheid that has an
amplitude variation of say 30%.
Pawel Moskalik: Well, I think the Burki star is doing 30% easily.
Geza Kovacs: That’s only one.
Pawel Moskalik: In the LMC, there are several more, but I haven’t looked into
them. This is a rare phenomenon in single-mode Cepheids, whereas for RR Lyraes,
it is very common.
Geza Kovacs: What is shocking about the case of RR Lyrae stars is that we
have a huge amplitude variation that is impossible to explain with non-radial modes
only or some other phenomenon we know about.
Pawel Moskalik: Is the difference qualitative or only quantitative? The occurrence rates may also give some clue.
Geza Kovacs: It is a quantitative difference.
Pawel Moskalik: The Blazhko mechanism in Cepheids may be the same or
similar thing. Only the modulation is weaker in Cepheids for some reason. We don’t
know yet because we don’t have a full explanation of the Blazhko effect.
Geza Kovacs: If you count the numbers or look at the statistics, you see a
quantitative difference. In one case you have almost 50% but in other cases you
have 5%.
Pawel Moskalik: True, in double mode Cepheids with first and second overtone
modes, it is about 20%, maybe 30%. It is certainly rare.
Richard I. Anderson: This discussion makes me think, do we need more labels?
Does the Blazhko effect as a label fit everything that we see? Coming from the radial
velocity measurements, I can tell you that the short-period overtone type-I Cepheids
show long term variations whereas the long-period Cepheid, which are much more
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massive stars, show cycle-to-cycle variations. These may be, perhaps, explained
by different phenomena. It might be worthwhile to keep in mind that not every
modulation is the same, i.e., a Blazhko effect, and that we have to be open to other
things.
Pawel Moskalik: Indeed we have to be careful with what we call “Blazhko”.
For me, Blazhko means (1) (quasi- and/or multi-) periodic, not just random walk
nor cycle-to-cycle variations, and (2) the time scale of modulation is considerably
longer than pulsation period. For cycle-to-cycle variations, I would not use the term
“Blazhko”.
Katrien Kolenberg: Refer to Pierre Kervella’s interferometry talk’s last slide:
what are the next steps; what are the requirements for interferometry future instrumentation? What are the priorities? Do we need (1) higher spectral resolution to
get velocities, or (2) larger baselines, to catch smaller stars, or (3) better imaging capabilities because these all correspond to different instrumental requirements. What
are the priorities? Any thoughts?
Pierre Kervella: There is a nice complementarity between the large groundbased surveys that provide an extraordinary diversity of stars (in particular rare
examples of pulsators) and the very detailed and focused studies with only a reduced
number of stars that we can measure by interferometry. They can bring unique
observables that can help disentangle the degenerate stellar parameters. There will
not be a billion stars resolved by interferometry, at least not in the near future. But
for the stars for which we can get this kind of observation, and particularly if we can
get spectral resolution down to the line profiles, we can measure spatially resolved
velocities on their disk. There is a very strong potential to refine the understanding
of these stars, even if we are currently restricted to a limited sample of nearby stars.
Richard I. Anderson: What is the potential for having a space-based interferometer made up of cubesats? They are small, cheap satellites that you could fly in
formation.
Pierre Kervella: There are some ideas for prototypes of interferometers with
cubesats, not free-floating ones, but with linked apertures. There are interferometric
projects to measure gravitational waves that are extraordinarily ambitious, and once
the technical hurdles are undertaken by such projects, we could also go for interferometry of stars. I would not say we should expect it within the next 20 years. What
can be achieved with such large baselines is beyond our imagination!
Katrien Kolenberg: Where are the binary RR Lyraes? It is great that people
are finally actively looking for them.
Grzegorz Pietrzyński: On the question of “where are the others?”, Pierre
Maxted and collaborators have discovered a very nice object. This object is a pulsating δ Scuti, but it was formed in a binary system evolution. This star is one more
example of a binary evolution pulsator. And of course, some of the Type II Cepheids
studied by Bogumil Pilecki should be called binary evolution pulsators. We have a
couple of candidates already.
Gergely Hajdu: For finding binary RR Lyrae stars, there is hope to get some
new results with Gaia. If a 1000-day lower limit is universal for binary RR Lyrae,
it seems it is limited by OGLE data, then maybe there will be at least a few binary
RR Lyrae for which the astrometric orbit coverage can be done with Gaia during
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its lifetime. Especially if Gaia gets extensions to its lifetime. However, we would
have to wait until the full binary orbital solutions are released in the early 2020s.
So there is hope of getting something with Gaia.
Róbert Szabó: A question to the audience concerning the Blazhko effect: in
RRab stars it is easy to see amplitude modulation in space-based data, and there is
no exception that all of these stars show period variation (phase modulation) as well.
Is there a counter example? It would be good to know because in some of the talks,
there was an interesting assumption that one can cross check the amplitude variation
and the phase variation, and vice versa. In K2, there may be counter examples, but
you may not see it in ground-based data. In space-based data, it might be the case
that both modulations are present in all Blazhko RRab light curves. If not, please
let us know!
Katrien Kolenberg: There have been reported cases of stars that are exclusively phase modulated, but if you look closely, there is amplitude modulation also?
Nicolas Nardetto: For space interferometry, it would be nice to apply the
Baade-Wesselink method to Cepheids and RR Lyrae stars very far in the Local
Group. It would be good to also find more early type eclipsing binaries for the
distance scale. We have galaxies at 30 Mpc with Type Ia supernovae, so I wonder if
using E-ELT or JWST could push us in this direction? This can be a goal of ours
for the next 20 years.
Geza Kovacs: To end on a positive note: Jan Lub presented the agreement between Gaia parallaxes and the ones deciphered from standard calibrated Wesenheit–
P relation for RR Lyrae stars. This result is a beautiful correlation with coefficients
close to one, slopes are just fine, and the scatter is reasonable. In this sense, even
before DR2 we can say that the distance scale for RR Lyrae stars is almost settled
with a very high precision – an accuracy of 0.01 mag. This is an excellent independent result. It is a great joy to see such a good agreement between independent
measurements. One has to enjoy the positive results!
Katrien Kolenberg: This session is now coming to a close. We want to thank
you, and we look forward in seeing you in two years in New Mexico for the “Frontiers
of Classical Pulsators” conference.
Pawel Moskalik: I will talk very briefly, all good things end eventually, and
this is also true for this conference. I wanted to say on behalf of all the organizers,
the scientific organizing committee, and the local organizing committee, I want to
thank all of you for coming here and sharing your results with us. Participating in
all the discussions, I hope you all enjoyed it as much as I did. And I wish you a safe
trip home and let’s see each other next time, two years from now.
Acknowledgements. K. Kolenberg acknowledges FWO-PAS scientific cooperation grant
VS.091.16N (Poland-Belgium) which also helped to prepare this meeting. K. Kinemuchi
would like to acknowledge SDSS and the ARC Consortium for providing professional development funds to allow travel to this conference. Thanks to both editors Radek Smolec
and Richard I. Anderson for their tremendous help on the transcription of the discussion
session from our recording. Both KK and KK would like to thank all the organizers, and
especially Radek Smolec, for hosting us at this splendid conference!

pta.edu.pl/proc/v6p268

PTA Proceedings ? June, 2018 ? vol. 6 ? 275

Katrien Kolenberg, Karen Kinemuchi

A discussion at the end of the conference was moderated by Katrien Kolenberg and
Karen Kinemuchi. One of the highlights was lively discussion about the Blazhko
effect between Pawel Moskalik and Geza Kovacs.
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