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The RR Lyrae variables are currently believed to have masses 
between about 0.5 and 0.8 M Q , effective surface temperatures be­
tween 6350 and 7500K, radii from about 4.0 to 6.0 Rg and luminosities 
between log L/Lg of 1.5 and 2.0. Since they are found in population II 
locations, they generally have Y = 0.3 and Z = 10~ , but there are 
exceptions for both higher Z like the sun and lower Z like 0.0002. In 
globular clusters the periods range from 0.25 - 0.45 day for the first 
overtone pulsators and 0.40 - 0.80 day for those in the fundamental 
mode, depending on their luminosity. At transition lines, to be dis­
cussed in detail below, the switch from fundamental to first overtone, 
or maybe vice versa, involves a period change factor of about 0.74 -
0.75. 

Evolution tracks by Sweigart and Gross (1976) show blueward 
evolution through the radial pulsation instability strip at RR Lyrae 
luminosities for Yx 0.3 if M < 0.7 Mg. At lower helium mass fraction 
(Y < 0.3) evolution goes in both directions. Since later we will be 
wanting RR Lyrae variables to evolve only blueward to reconcile obser­
vations and pulsation theory, the low Y and simultaneous high mass 
seem to be excluded. Just the occurrence of first overtone pulsators 
implies by pulsation theory that Y must exceed about 0.22. The evolu­
tion tracks do return redward, but at our suggested Y and M only when 
log L/Lg > 1.9, the realm of the H and He shell burning BL Herculis 
variables at periods about 1 day. 

In the last 10 years, RR Lyrae variables have frequently been 
discussed in terms of the two clearly separated Oosterhoff groups I 
(<nQ> = 0^54, <nx > 0^32) and II (<II0> = 0^64 <%> = 0^37). Stobie 
(1971) considered that these groups implied a RR Lyrae variable mass 
difference with the Oosterhoff group II clusters having a larger value. 
Butler, Dickens and Epps (1978) conclude that indeed the group II 
clusters have more massive and luminous RR Lyrae variables by 0.1 Mg 
and are very metal poor based on their discovery that apparently 
both groups actually exist together in CJ Cen. They discuss a compo­
sition dependent mass loss which would mean that the basic parameter 
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is composition, with therefore a smaller mass loss for the extremely 
metal poor Oosterhoff group II variables, a) Cen evidently consists 
of two different composition condensations to give the two Oosterhoff 
groups. Normally a globular cluster has only one composition conden­
sation. 

Van Albada and Baker (1973) proposed that the difference be­
tween the two Oosterhoff groups could be the evolution direction: 
group I to blue and group II to red. For group I the transition from 
the fundamental mode to the first overtone occurs just a bit redward 
of the fundamental blue edge as shown as the lower horizontal line in 
the H-R diagram of Figure 1. In the group II case given as the 

3.75 

Figure 1: Hertzsprung-Russell diagram for Oosterhoff groups 

upper horizontal line, evolution to the red gives a transition at a 
lower T„and higher period due both to the higher luminosity and 
lower Te. A younger group I cluster like M3 would have shorter aver- . 
age periods and a sharp transition period very near the fundamental 
blue edge. Older or lower metal group II clusters would have some 
redward evolution giving longer average periods and even an overlap 
of both modes occurring at a given color or T . This overlap for to 
Cen is shown in Figure 2 where P' is the observed period corrected for 
the small luminosity differences between stars. Persistence of the 
overtone (the hysteresis effect) in redward evolution is alleged to 
occur in the Oosterhoff group II clusters. 

The theoretical justification for the hysteresis comes from 
calculations by Von Sengbusch (1975) and Stellingwerf (1975), the 
later results given in the H-R diagram of Figure 3. It is the dashed 
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Figure 2: Period versus color for 
RR Lyrae variables in 
M3 and OJ Cen 
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—H-R diagram showing the overall stability results 
for the main survey, M = 0.578 MG, X = 0.7, Y = 0.299, 
Z = 0.001. Solid tines, linear blue edges; dashed lines, non­
linear transition lines (type of behavior indicated); dolled line, 
estimated red edge. 

Figure 3: Stellingwerf instability 
strip 

transition line between the F or IH and F regions in the center of 
the figure that is now in question along with the interpretation of 
Van Albada and Baker. Cox and Simon have used the strictly periodic 
method of Stellingwerf (1974) to map the stability of static and 
nonlinear full amplitude solutions as a function of T . Figure 4 
gives growth rates of linear theory perturbations in Itatic models 
(labelled IH and F) and in full amplitude models F in IH and lH in F. 
The undisputed transition line is at about T e = 7100 K where blueward 
evolution converts fundamental pulsations to the first overtone. 
The instability of overtone (IH) pulsations shown at 6600 K disappears 
if the artificial viscosity is reduced giving a larger and more stable 
IH amplitude. These new results give no transition line and F or IH 
behavior in almost all the instability strip, just as Spangenberg 
(1975) displayed earlier (Figure 5). 

The Stellingwerf (1974) program has been used to investigate 
the difference between his shallow models and those of Spangenberg 
and of Cox and Simon. Figure 6 gives the conclusions in the form of 
a growth rate versus Lagrangian zone number diagram. The temperature 
m units of 10O K is given uniquely for the zones which run from 1 to 
29 for the + and o cases and 1 to 48 for the deeper model x case. 
The + signs give the work for each zone to promote growth of the 
fundamental mode in a static model and is obtained from standard 

https://doi.org/10.1017/S025292110008194X Published online by Cambridge University Press

https://doi.org/10.1017/S025292110008194X


478 ARTHUR N. COX 

6600 6200 
T.(K) 

5800 5-K 

J..0 ] . l | ] . I4 J . I . j . t I j l 0 J 7 I 

Figure 4: Growth Rate versus 
effective temperature 
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Figure 6: Work versus zone number 

linear theory. Driving peaks from the H + He I and the He II ioniza­
tion regions is seen in, respectively, zones 25 (11,000 K) and 17. 
Interpretation of the Floquet matrix generated during integration of 
a first overtone full amplitude periodic solution in terms of its 
eigenvalues and eigenvectors gives the work to promote mode switching 
from 1H to F. For the same shallow model the o symbols give this 
driving per mass zone. The single point at 11,000 K gives enough 
driving to cause positive net work and a mode switch. Deeper zoning 
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(x symbols) gives too little driving and therefore no mode switching 
as found in other hydrodynamic programs by Spangenberg and Cox and 
Simon. 

The Stellingwerf program has an adiabatic spring in zone 1 
which is not supposed to influence the driving as it simulates the 
pulsations of the interior. How this spring causes so much driving in 
zone 25 is under investigation. It appears that no transition line 
is theoretically predicted between the F or H and the F regions, 
but the Stellingwerf shallow model still needs explanation. 

If the Van Albada and Baker interpretation is not correct, then 
how are Oosterhoff groups explained? Table 1 gives periods at 
various places in the H-R diagram for Y = 0.299, Z = 0.001 and for 
0.55 Ma and 0.75 Mfl. Periods at the assumed red edge of Figure 1 are 

Table 1 

Transition Periods (days) 

Y - 0.299 Z » 0.001 

Log L/L9 

1.50 

1.60 

1.70 

1.80 

1.90 

2.00 

L U 1 0 3 5
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1.95 
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1.03 

n l 

0.24 

0.28 

0.37 

0.48 

0.58 

0.75 

< 11 > 
c 

0.22 

0.26 

k^ 
0.45 

0.56 

0.74 
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0.20 

0.25 

0.32 
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0.76 

-
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no 

0.24 

0.31 

0.39 

H 
0.62 

0.79 

"l 

0.19 

0.24 

0.30 

0.37 

0.46 

0.59 

< n > 
c 

0.18 

0.22 

0.28 

W 
0.43 

0.56 

BE 

" l 

0.17 

0.20 

0.25 

0.31 

0.40 

0.52 

< - n . > < ) 1 > < I I > r - n / n + n , 
ab tr c C c ab_ 

Oosterhoff I 0.54 0.45 0.32 0.18 

II 0.64 0.55 0.37 0.49 

in Column 3 for s i x l u m i n o s i t i e s . For 0.55 Mg a t log L/Lg = 1.70 the 
t r a n s i t i o n edge fundamental per iod i s 0^50 ( c i r c l e d ) and overtone pe r ­
iod i s 0d37. Also, the mean overtone per iod i s 0^34 ( c i r c l e d ) . Blue-
ward evolu t ion a t about log L/Lg = 1.66 (Oosterhoff group I?) would 
give a mean Ilg = 0.63 to be compared to <IIa^ > = 0 .54 , but t h i s i s un­
c e r t a i n and probably too l a rge because the red edge of f igure 1 i s red­
der ( longer period) than Deupree (1977) g ives . The IIQ at the t r a n s i ­
t i o n edge (TE) i s 0.45 and the mean 11-̂  i s 0 .31 j u s t about as observed 
for group I c l u s t e r s . Again blueward evolu t ion at about log L/Lg = 
1.74 (group I I ? ) , gives a too la rge mean Ilg = 0 . 7 5 , but Ilg a t the TE i s 
j u s t r i gh t at 0d55 and the mean n^ = 0^38 i s j u s t s l i g h t l y too long. 
For 0.75 Mg the two Oosterhoff group luminos i t i e s are log L/Lg = 1.77 
and 1.85. 
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Table 2 

Trans i t ion Periods (days) 

Y - 0.219 Z - 0.001 

Log L/Lj 
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Table 2 gives the same kind of da ta for Y = 0.219 Z = 0 .001 . 
Any lower Y than t h i s would give no overtone (Bai ly type c) p u l s a t o r s 
a t a l l at the per iods observed. Figure 1 shows how the overtones disappear 
at lower Y. Red edge data have not been included for t h i s lower Y case 
because our red edge i s not w e l l determined. At 0.55Mo the Oosterhoff 
group I luminosi ty could be log L/LQ = 1.64 and at 0.75MQ log L / L Q = 1 . 7 3 

(given in the t a b l e by x marks) . The Oosterhoff group I I luminosity 
would be at these two masses log L/Lg = 1.71 and 1.82. 

Since s i m i l a r completely blueward evo lu t ion can expla in both 
Oosterhoff groups at 0.55 and 0.75 MQ a l s o , i t appears t h a t the h y s t e r ­
e s i s p o s t u l a t e of Van Albada and Baker i s not necessary and not even 
v iab le i f no t r a n s i t i o n l i n e between F or 1H and F e x i s t s . 

Due to the shor tage of time and space not a l l the cur ren t r e ­
search in RR Lyrae v a r i a b l e s has been reviewed. I only no te t h a t the 
s y n t h e t i c g lobula r c l u s t e r work, of Caputo, C a s t e l l a n i and Tornambe 
(1978, 1980) f inds t h a t the here disputed Ste l l ingwerf t r a n s i t i o n l i n e 
i s too red and t h a t maybe evolu t ion to the red , i f i t does occur at the 
RR Lyrae l u m i n o s i t i e s i s much f a s t e r than given by Sweigart and Gross. 
Indeed, i f the t r a n s i t i o n l i n e does not e x i s t , as here shown, then 
rap id evolu t ion at log L/Lg < 1.9 seems necessary indeed. 

Important cur ren t non l inea r BL Hercu l l s v a r i a b l e research t o 
show l i g h t and v e l o c i t y curve bumps i s underway. Other r e s u l t s not 
repor ted at t h i s meeting are given by Carson, S t o t h e r s , and Vemury, and 
they w i l l appear in the 1981 Astrophysica l Journa l . The Petersen 
l i n e a r theory r e s u l t s on these s t a r s are repor ted by him below. Linear 
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and non l inea r work of Cox. King and Hodson using both the Los Alamos 
and Carson o p a c i t i e s i s given by Hodson. 
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DISCUSSION 

J. COX: What is your opinion as to the difference between Stell­
ingwerf 's results and yours in regard to the mode switching tendency 
in the hydrogen ionization zone? 

A. COX: I don't know. We are discussing this difference. The 
interesting thing about the work done each cycle to promote mode 
switching is that it has more or less the same shape as the work done 
to promote growth of the mode from the static model in linear theory. 
The reason why we get such large work in a shallow model and not with 
a deep model, both cases with Stellingwerf's code, is something we 
are working on. 

STELLINGWERF: The nonlinear stability, that is, the linear 
perturbation from the nonlinear limit cycle analysis has very coarse 
zoning near the hydrogen ionization zone. One thing that has to be 
checked is whether shifting zones back and forth just a little bit 
will affect the driving in that zone. It is not clear to us why 
changing the lower boundary position changes things in the hydrogen 
zone. It is obviously a very subtle point. 

A. COX: Hodson suggests that a change in the phasing of the P and 
V eigenvectors can change the looping direction in the P-V diagram 
and a difference in the work. 

SIMON: It's not encouraging for future hydrodynamic calculations 
if all you do is move the inner boundary in or out a little bit to 
change modal stability. 

A. COX: We had a nice transition line a long time ago and now we've 
lost it. I think we maybe can save the day if both Oosterhoff groups 
have evolution to the blue with redward evolution much more rapid or 
at a higher luminosity than we now think. 
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