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Introduction

Of the four-hundred billion stars in the Milky Way Galaxy, more than half occur
in binary systems. Many of these binary stars undergo changes in luminosity. These are known
as variable stars. Cataclysmic variable stars are stars that periodically undergo violent outbursts
caused by thermonuclear runaway processes. Variable stars in this category contain two main
components: a white dwarf and a red dwarf. These two stars orbit around one another very
closely and mass is transferred from the red dwarf onto the white dwarf. (Warner 2000) This
mass transfer is believed to be the cause of the outbursts that give cataclysmic variable stars their
name. The study of variable stars has been around for centuries. The first documented study of
cataclysmic variables was in the 16" century by the English astronomer William Herschel. These
stars are currently monitored by professional and amateur astronomers all over the world.

There are several defining characteristics of all cataclysmic variable star systems. The
two main components of cataclysmic variables are the white dwarf primary and the red dwarf
secondary. (Robinson 1976) The white dwarf must be approximately the size of the Earth
(5.9742 x 10** kilograms) while having approximately the mass of the Sun (1.9882 x 10*
kilograms). A white dwarf is a star that is nearing the end of its life cycle. At this stage in its
evolution it has expelled its outer layers and only the dense core of the star remains. Almost all
white dwarfs are found within the range of 0.3-1.3 solar masses. No white dwarf star can exceed
the Chandrasekhar limit of 1.4 times the mass of the Sun. (Hellier 2001) Red dwarf stars are
roughly the same size as the Sun but are redder and less massive. Red dwarf stars are
approximately 2900 Kelvin, far cooler than the sun.

The structure of cataclysmic variable stars is also unique due to their binary nature and

close orbits. CVs form what is known as a Roche lobe. This structure is formed by the
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gravitational pull of the two stars. Roche lobes describe where the easiest path for material to
transfer is located. (Warner 2000) This is known as the inner Langangian point. Material is
pulled of the secondary along the inner Langangian point and forms an accretion disk around the
primary star. (Hamuery 2006) The point at which material coming off of the secondary hits the
accretion disk is known as the “hot spot.”

Although much is known about the structure and components of cataclysmic variable
stars, there is still uncertainty as to the cause for dwarf novae outbursts. Yoji Osaki proposed a
disk instability model for outburst. He reasoned that if material was transferred from the
secondary star at a constant rate, and this rate was higher than could be transported through the
disc by viscous interactions, then material would pile up in the disc. (Osaki 1974) This pile-up
would cause the disk to become unstable, increasing angular-momentum transport, and spread
excess material both inwards toward the white dwarf and outwards. (Hamuery 2006) This
outburst would then drain the disk of its matter and the disk would drop back to its quiescent,
low-viscosity state. Currently Osaki’s disk instability model is the generally accepted theory
behind cataclysmic variable outburst.

Cataclysmic variable stars encompass a wide variety of subgroups of stars. The
supernovae class exhibits a sudden, dramatic, and final increase in magnitude as a result of a
catastrophic stellar explosion. Stars belonging to the novae class consist of a main-sequence star
and increase by approximately 7 to 16 magnitudes in a matter of one to several hundred days. (de
Kool 1992) Dwarf novae are divided further into three subgroups. These groups are named after
star systems that typify the group’s behavior. U Geminorum stars have long quiescent periods
and suddenly brighten for outburst periods lasting from 5 to 20 days. The Z Camelopardalis-type

stars show cyclic variations interrupted by periods of constant brightness called standstills.
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(Patterson 2002) These standstills cause the star to remain at a brightness about 1/3 of the way
between maximum and minimum luminosity. The final subgroup is the SU Ursae Majoris-type.
These stars demonstrate superoutbursts that last 10 to 20 days as well as periods of normal
outburst that last from one to two days. Superoutbursts are far less frequent but are much brighter
than normal outbursts. (Isles 1987)

Lightcurve analysis is one of the primary methods of studying cataclysmic variables.
Because cataclysmic variables orbit so closely to one another they appear as one point of light
when viewed from a telescope. The fact that cataclysmic variables cannot be directly observed
by astronomers makes Lightcurves especially important. Lightcurves allow observers to gather
information about the orbital period, as well as the size of the stars in the system. Lightcurves are
constructed by gathering large amounts of data from observers in many different parts of the
world. This data is sent to a database where it can be gathered and organized in the form of a
scatter plot. (Patterson 2002) In a lightcurve, validated data is plotted showing the apparent
magnitudes of a system at specific time. Major outbursts of highly observable stars are turned
into lightcurves by observational campaigns that involve both amateur and professional
astronomers.

The outbursts of many stars have been researched through the use of lightcurves. In many
cases major outbursts do not occur for decades. The major outburst of WZ Sagittae was one
instance where observers were able to collect data to be used to make lightcurves. (Osaki 1996)
Those lightcurves were later used to deduce the outburst cycle of the system. The observation of
this outburst also led to the discovery of the shape and dimensions of the precessing disk.

(Patterson 2002) The data was also used to support the tidal-instability hypothesis.
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The star BZ UMa has been subject to severe scrutiny and a similar study by researchers
since its outburst in 2004. By analyzing lightcuves of the system it was observed to have an
orbital period of .0679 JD and a mass ratio of .20. These are two characteristics of a UGSU
system. However, 2004 marked the first year the star had been in outburst since the 1980s.
UGSU stars undergo regular periods of outbursts that last several months followed by several
months of inactivity. This observed fact has led many experts to disagree as to which category
BZ UMa belongs to. Since observation began, the star has ranged between 10.0 and 14.5
magnitudes. (A. Price 2004) The general trends give no concrete evidence of the star ever
experiencing a superhump. If superhumps are observed than the star will be classified as a
UGSU system.

This research will compare the lightcurves of several different cataclysmic variable stars
and show their similarities through the analysis of those graphs. All cataclysmic variable stars
exhibit differences in outburst and quiescence that make them unique. However, this research
will analyze how these star systems are similar to one another based on observed data in periods
of outburst and quiescence. Using validated lightcurves this research will determine the energy
ratios of the stars in outburst to quiescence. It will compare stars with similarly shaped outbursts
and energy ratios to determine how closely related they are in those respects. In performing this
research, I am looking to see if stars that are currently thought to be in different subclasses of
dwarf novae are actually more closely related. This work presents another way of looking at the
relationships of different cataclysmic variable star systems. It looks at the release of energy over
a given period as a method of re-categorizing the families of dwarf novae.

Cataclysmic variable stars are a diverse group of systems related by their stellar

components and their ability to undergo periods of outburst. This research uses the methods of
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lightcurve analysis used in past studies of such stars and applies them to determine the energy
ratios of several well observed cataclysmic variables. By examining these energy ratios | attempt

to show a new way of looking at the organization of dwarf novae subgroups.

Research Questions
How are stars related based on the ratio of the energy emitted during outburst to the

energy emitted during quiescence?

Avre all of these energy ratios consistent with the Disk Instability Hypothesis proposed by

Dr. Yoji Osaki?

Hypothesis

All cataclysmic variables vary in the length, intensity, and frequency of their outburst
periods. This behavior causes every cataclysmic variable star system to be unique. The distance
from one outburst to the next also varies between star systems. The quiescent period of a star
varies in duration between all cataclysmic variables. Some stars exhibit large outbursts with long
periods of quiescence in between. Others show short, frequent outbursts. The value of the
quiescent period can, in effect, counter the outburst period causing some stars to be related in this
respect. A star with a powerful outburst and a long quiescent period will have a similar energy
ratio to a star that has a weak and frequent outburst period. Although the outbursts of two
different star systems are not alike, the ratio of outburst period to quiescent period will be similar

and will allow for the grouping of stars.
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The Osaki Disk Instability Hypothesis suggests that stars have outburst periods that
increase the luminosity of a system from its quiescent period by a factor of ~10. This hypothesis
is based on the equation:

I—spot: GMwg Msec
Raisk
The analysis of the lightcurves will show that not all cataclysmic variable star systems increase

in luminosity by a factor of ~10.

Methods

This study involves the analysis of the lightcurves of several star systems. These
lightcurves will be generated using the AAVSO Lightcurve Generator program. All lightcurve
data will come from the American Association of Variable Star Observers’ publicly accessible
database. This database includes the visual observations of variable star observers across the
world. The sample group will consist of 10 well observed novae systems and will include stars
belonging to different classes of novae. These stars include WZ Sge, KT Per, SU Uma, SS Aur,
GW Lib, T Leo, TW Vir, RU Peg, SS Cyg, and U Gem. These stars represent the most highly
observed variable stars in the AAVSO database and contain the greatest quantity of validated
data. This study will use lightcurves constructed from recent data in order to ensure that the most
advanced technology is being used for CCD observations.

The analysis of the stars to be used in this study will be completed using lightcurves
depicting the stars from the beginning of one outburst period to the beginning of the next. The
first step in the analysis will be to legislate the quiescent level of the star as Lqui = 1. This sets the

quiescent, or inactive period of the system’s cycle to equal one luminosity. The total luminosity
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emitted by a star in quiescence is equal to the number of days it spends in this quiescent period
multiplied by Lqyi. The next step will be to measure the change in magnitude from quiescence to
the peak outburst. The change in magnitude will be used to factor in the intensity in flux units. A
flux unit is a common unit of measurement in radio astronomy. Flux units describe how many
units of measurement a specific value is from its starting point. This is achieved by plugging in
delta magnitude into the formula | = (2.512) %@ manitude The jntensity determined by this
equation will then be multiplied by length of the outburst period, in days. This provides the
variable Lgrp. Next, the ratio Leqp/ Loui gives the ratio of the total energy emitted from the
system between the outburst period and the quiescent period. This ratio also describes by what

factor the luminosity of the star increased between quiescence and outburst.

Magnitude of star in
outburst

Area of star’s
outburst period

Q=1
Magnitude of star in
quiescence

Area of the star’s
quiescent period

Fig. 1 The above diagram illustrates how the area of the outburst and quiescent periods are determined.

The data collected from this lightcurve analysis is then to be presented in a chart and

compared to show how the various star systems are related to one another. The ratio constructed
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from Lenp/ Loui Will show how closely related star systems are in terms of the amount of energy
they emit over one period of outburst and one period of quiescence. The systems will then be
related to one another based on the similarities or differences they posses in their energy ratios.

Those systems with the closest ratios will be considered to be the closest related to one another.
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Fig 6 Lightcurve of T Leo

Fig 7 Lightcurve of GW Lib

Fig 8 Lightcurve of SS Aur
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Discussion

The star systems used in this study represent several different subclasses of cataclysmic
variables. Each system has characteristics that contribute to the diversity of the sample group.
The most populated subclass of dwarf novae are the UG stars. The star U Gem is a UG type
cataclysmic variable star. It is a compact interacting binary system. The two stars that make up
the system have an orbital period of 4 hours and 11 minutes. The outbursts of U Gem occur ~100
days. (Ritter 1998) SS Cyg is one of the most observed UG stars in the sky. It was the second
dwarf novae star to be discovered. It has been observed to be in outburst approximately 75% of
the time and reaches its maximum brightness in ~1 day. The primary and secondary stars are
separated by an estimated 100,000 miles. The mass of the white dwarf primary is calculated at
0.60 solar masses and the red dwarf secondary is calculated at 0.40 solar masses. The outbursts
of SS Cyg alternate between wide and narrow outbursts with no cyclic pattern indicated by
observations. (Hemplemann 1990) The star RU Peg is officially classified as a UGSS+ZZ type
star. This means that it exhibits qualities similar to those of UG dwarf novae stars, but its
outbursts last for several days. It has also been discovered to contain a non-radially pulsating
white dwarf with variations of less than 0.20 magnitudes every 30 minutes. (Patterson 1976) SS
Aur is also a UGSS type star with a period of ~55.5 days. TW Vir is a UG dwarf novae star with
a 32 day period and an average magnitude range of 11.2m to 16.4m. (Robinson 1983)

Other stars used in this study belong to the SU Uma or UGSU subclass of dwarf novae.
SU Uma is the prototype for which the UGSU subclass is named. SU Uma exhibits outbursts like
those of the UG subclass as well as superoutbursts. Superoutbursts occur less frequently but last

longer than normal outbursts. A small periodic fluctuation is observed at maximum. This is
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known as a superhump. (Rosenzweig) T Leo is a UGSU type cataclysmic variable that goes into
outburst every once every few years. It exhibits outbursts irregularly and has been observed to go
into periods of superoutburst. (Osaki 1996)

WZ Sge is the prototype star of the WZ Sge class of dwarf novae. This star has only been
observed to undergo outburst four times since its discovery. These occurred in 1913, 1948, 1979,
and 2001. It has a visual maximum of ~8 magnitudes. The star also exhibits a long superoutburst
period and a long period of superhump echoes. (Patterson 1981) This star has never been

observed to undergo a normal outburst and is one of the most inactive recurrent novae.

Calculations
Star Delta Intensity | Elapsed | Lenp Time Loui Factor
System | Magnitude Time Elapsed of
During During Increase
Outburst Quiescence
(days) (days)
U Gem | 4.700 76 12 912 100 100 9.12
SS 3.480 24.664 | 105 258.930 | 80.200 80.200 3.229
Cyg
RU 1.950 6.026 13.730 | 82.744 75.840 75.840 1.091
Peg
TW 3.500 25.123 | 9.577 240.603 | 26.197 26.197 9.184
Vir
TLeo |4.950 95.520 | 1.400 133.728 | 9.244 9.244 14.47
GW 6.900 575.620 | 23.240 | 1441.740 | 13377.410 | 13377.410 | 9.280
Lib
SS Aur | 4.800 83.201 | 14.450 | 1206.400 | 283.400 283.400 4.26
SuU 2.110 6.983 7.284 50.864 36.800 36.800 1.382
Uma

14
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KT Per | 3.000 15.851 | 9.917 157.194 | 33.528 33.528 4.688
wZz 5.300 131.857 | 55.178 | 7275.606 | 8395.000 | 8395.000 |-1.154
Sge

Data Table 1 This data table lists the calculations derived from the analysis of the lightcurves listed in the Data

section.

The results of this study show that although many of these stars show unique
characteristics many of them are able to be grouped together based on the energy they emit
between outburst and quiescent periods. Several of these stars show similar factors of increase
between luminosity in outburst and in quiescence. The stars U Gem, GW Lib, and TW Vir
showed factors of increase of 9.12 — 9.28. These stars are grouped together because the factors of
increase of their luminosities are very close to one another. The ratio of outburst to quiescence
showed that each of these stars are closely related in terms of how much energy they emit from
the beginning of one outburst to the beginning of the next. GW Lib has not been previously
thought to be closely related to U Gem or TW Vir, but the similarities of their outbursts to
quiescent ratios suggest that this should be changed. The stars SS Aur and KT Per exhibit factors
of increase of 4.26 and 4.688, respectively. These stars have not been previously classified as
being related in any way other than the fact that they are both cataclysmic variables. This finding
suggests that they should be considered to be related more closely than previously assumed. The
stars SU Uma and RU Peg exhibited the smallest factors of increase of the stars used in this
study. The luminosity of SU Uma increased by 1.382 and the luminosity of RU Peg increased by

1.091. These stars both belong to different subclasses of dwarf novae. The similarity of the
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increase in their luminosities suggests that they should be considered to be more closely related
than previous findings suggest.

Three stars used in this study were not found to have relatable factors of increase
in their luminosities. These stars include SS Cyg, T Leo, and WZ Sge. They showed increases of
3.229, 14.47, and -1.154. T Leo exhibited the largest increase of any star in the sample group.
The inability to group WZ Sge with another star in this sample group is not surprising. It is one
of the most unique stellar objects in the night sky. It has the largest period length of any well
observed, active cataclysmic variable. It also has one of the brightest periods of superoutburst.
The long length of its quiescent period contributed to its negative factor of increase. The energy
emitted by the system over the nearly three decade long period between outbursts was greater
than that of the outburst period.

The stars GW Lib, U Gem and TW Vir were consistent with the Osaki Disk Instability
hypothesis. These stars showed a factor of increase close to ~10. However, the other seven stars
used in this study suggest otherwise. This suggests that the studying of cataclysmic variables
using the method proposed by this study could lead to a greater understanding of the validity of
Dr. Osaki’s hypothesis. By determining the factor of increase of a star’s luminosity it is possible

to determine whether or not the star is consistent with the Disk Instability Hypothesis.

Conclusion

The results of this research show that determining the factor of increase of a star’s
luminosity is a valid method for determining how different star systems are related. This study
presents a new characteristic to verify the categorization of star systems. It shows that some star

systems are more closely related than previous research has found them to be. The mechanism of
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cataclysmic variable star outburst is not a new question, but one that requires an answer. The
findings of this study suggest that there may be flaws to the Osaki Disk Instability Hypothesis.
Further analysis of cataclysmic variable stars using the method presented in this paper would be

necessary to conclude whether or not Dr. Osaki’s hypothesis is valid.
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