U.S. Department of Energy

Lawrence
Livermore
National
Laboratory

N=""

Preprint
UCRL-JC-151332

Variable Red Giants — the
MACHO View

S.C. Keller, K.H. Cook

This article was submitted to
201% Meeting of the Astronomical Society, Seattle, WA, January 5-
9, 2003

January 3, 2003

Approved for public release; further dissemination unlimited



DISCLAIMER

This document was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States
Government or the University of California. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or the University of California, and
shall not be used for advertising or product endorsement purposes.

This is a preprint of a paper intended for publication in a journal or proceedings. Since changes may be
made before publication, this preprint is made available with the understanding that it will not be cited
or reproduced without the permission of the author.

This report has been reproduced directly from the best available copy.

Available electronically at http://www.doe.gov/bridge

Available for a processing fee to U.S. Department of Energy
and its contractors in paper from
U.S. Department of Energy
Oftfice of Scientific and Technical Information
P.O. Box 62
Oak Ridge, TN 37831-0062
Telephone: (865) 576-8401
Facsimile: (865) 576-5728
E-mail: reports@adonis.osti.gov

Available for the sale to the public from
U.S. Department of Commerce
National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
Telephone: (800) 553-6847
Facsimile: (703) 605-6900
E-mail: orders@ntis.fedworld.gov
Online ordering: http:/ /www.ntis.gov/ordering.htm

OR

Lawrence Livermore National Laboratory
Technical Information Department’s Digital Library
http:/ /www lInl.gov/tid/Library.html


http://www.doe.gov/bridge
mailto:reports@adonis.osti.gov
mailto:orders@ntis.fedworld.gov
http://www.ntis.gov/ordering.htm

Variable Red Giants

Stefan C. Keller and Kem H. Cook (IGPP, LLNL)

Introduction

The MACHO microlensing project has produced an unprecedented
database with which to investigate stellar variability. In this proceed-
ings we present a study of the variability characteristics of the red giant
population of the Large Magellanic Cloud.

‘We have searched for periodic behavior amongst the population of bright
red stars using a PDM-based method. Approximately 51% are periodic
variables: 16489 have one period, 7690 have two and 926 have three. We
have cross-correlated the MACHO variables with the 2MASS catalogue.
This provides J, H, and K magnitudes for 44458 variables out of 49256.
In Figure 1 we show the period-K luminosity diagram for the sample.

Period-Luminosity Relations

Fig. 1 shows six distinct period-luminosity sequences; five above the
minimum luminosity for thermally pulsing AGB and another extending
down to the minimum luminosity of our variable search.

Interpretation:

A-D: Sequences A—C are populated by low amplitude (AV ~ 0.05-
0.3) semi-regular variables. Sequence D is comprised of Mira and large
amplitude (AV ~ 0.3-3 mag.) semi-regular variables. Vassiliadis &
Wood (1993) showed that the Mira sequence can be modeled assuming
fundamental mode pulsation. Sequences A-C can then be understood
as higher order sequences (i.e. 1st, 2nd and 3rd overtones). The period
ratios for multiple periodic stars is an additional constraint (Fig. 3).
Models match some of the structure seen in Fig. 3 —improvement requires
a better understanding of envelope structure than those evoked through
the use of mixing-length theory.

E: These stars all have two distinet periods with period ratios of 5-13
(Fig. 3). The higher frequency variation belongs to sequence B. The long
secondary period is characterized by 0.1-1.0 “fading” events of irregular
amplitude (see Fig. 2). If D is due to the fundamental mode then pul-
sation is ruled out as the mechanism for the long period in E stars. The
”fading” events seen in these stars suggests a dust x-mechanism in the
circumstellar envelope.

F: Sequence F light curves are easily distinguished amongst the other
LPVs by their regularity (typical amplitudes AV = 0.”1). The regu-
larity of the light curves suggests a binary mechanism in which the red
giant is accompanied by a close companion. These binaries lie on the
first giant branch or at the red end of the core-He burning loops of in-
termediate mass stars where they make up ~ 0.5% of the stars within 1
mag. of the TRGB.

Luminosity functions:
Pulsation at the tip of the First Giant Branch

The luminosity function of sequences A-E is shown in Fig. 4. For se-
quences A,B, and E we see a prominent peak associated with the imme-
diate vicinity of the tip of the RGB (TRGB) with a sharp drop above
the TRGB. Sequences C and D do not suffer this cutoff. They show a
peak at K ~11.3 which is also seen in A,B, and E. Standard evolution-
ary tracks show no feature of AGB evolution at the luminosity of the
TRGB which could explain the peak we observe. We ascribe the peak
in the luminosity functions of sequences A, B, and E to the presence of
variability on the RGB which sits atop the luminosity function of the
AGB variables (as described by sequences C and D).

This is the first clear indication of pulsational instability on the first giant
branch (FGB). Our results imply 8% of the RGB within a magnitude
of the TRGB exhibit this variability. Notice that the period-luminosity
relationships A, B and F are not disjoint across the evolutionary bound-
ary between FGB and AGB stars. This implies that the envelopes of
these two populations are remarkably alike.

Our observations provide a straightforward mechanism for mass loss in
the vicinity of the TRGB. Mass loss prior to the helium flash must be
invoked in order to explain a host of features of Pop. 11 stars, in particular
the existance of extreme horizontal branch stars and the pulsational
masses of RR Lyraes. A quarter of the variable population near the
TRGB exhibit E behaviour indicative of episodic mass loss.
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the MACHO view

Summary

We present a study of the MACHO red variable population in the Large Magellanic Cloud. Our study
reveals six period-luminosity relations amongst the red variable population. Only two of these were
known prior to MACHO. Our results are consistent with Mira pulsation in the fundamental mode. A
sequence comprising 26% of the red variable population can not be explained by pulsation. We propose
a dust k-mechanism in the circumstellar environment is responsible for the long period variation of these
objects.

The luminosity function of the variables shows a sharp edge at the tip of the red giant branch (TRGB).
This is the first clear indication of a population of variable stars within the immediate vicinity of the
TRGB. Our results indicate this population amounts to 8% of the RGB population near the TRGB.
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Figure 1 (1): The period-luminosity relation for variable LMC red giants. The presence of only two
sequences was known prior to MACHO. Also shown is the tip of the first giant branch (TRGB: Cioni et
al. 2001) and the minimum luminosity for IMg thermally pulsing AGB (TPAGB: Vassiliadis & Wood
1993). Carbon stars, shown in blue, are identified on the basis of their IR colors.

Figure 2 (r): Examples of light curves from the six sequences seen if Fig. 1. The color coding refers to
the colors of sequence labels in Fig. 1. An example of a multi-mode pulsator is seen in the second right
panel. Note the shorter time interval of the left column.
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Figure 3 (1): The period ratio (longest/shortest) plotted against longest P for objects showing multiple
periods. The lines correspond to period ratios predicted by Vassiliadis & Wood (1993). While pulsation
mechanisms can plausibly explain sequences A-D they can not explain sequence E which possesses a long
secondary period superimposed on a shorter (B,C -like) pulsation.

Figure 4 (r): The K luminosity function for the sequences in Fig. 1. Sequences A, B, & E possess a two
peak structure with a sharp edge feature formed at the TRGB, while sequences C & D do not. This the
first clear indication of a population of variables in the vicinity of the TRGB.

This work was performed under the auspices of the U.S. Department of Energy, National Nuclear Security Administration by
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