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ABSTRACT

We report the discovery of forty erupting cataclysmic vhaleastars in the OGLE-III Galactic
disk fields: seventeen objects of U Gem type, four of Z Cam,tgpe nineteen stars showing out-
bursts and superoutbursts typical for SU UMa type dwarf rova the case of five stars we were
able to estimate their supercycle lengths. The obtainegtiarare in the range of 20—90 d, gener-
ally between the typical SU UMa type variables and a few dbjetassified as the ER UMa type
variables. Since there is no significant difference betwtbertwo types but a higher mass-transfer
rate resulting in more frequent outbursts and superoutbimshe ER UMa type stars, we propose
to discard this type as a separate class of variables. Wetinattén one of the SU UMa type stars,
OGLE-GD-DN-039, we found a negative supercycle period geain contrast to other active sys-
tems of this type. Two of the new OGLE objects showed longation WZ Sge-like superoutbursts
followed by a sequence of echo outbursts. All stars repdrtetlis paper are part of the OGLE-III
Catalog of Variable Stars.

Key words: Galaxy: disk — binaries: close — novae, cataclysmic vagabl

*Based on observations obtained with the 1.3-m Warsaw tghesat the Las Campanas Observa-
tory of the Carnegie Institution for Science.
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1. Introduction

Dwarf novae are eruptive cataclysmic variable (CV) stanghkese close binary
systems, the magnetic field of a white dwarf is weak enougiwatlg the matter
from a low-mass main-sequence secondary to create aniaccdétk. Under cer-
tain conditions, the disk becomes unstable and the mattsmiato the surface of
the white dwarf, releasing a substantial amount of graita energy.

The first dwarf nova (DN), U Gem, was discovered serendigitpin Decem-
ber 1855 by J.R. Hind during his search for minor planets (&ai995). By the
early 1900’s successive discoveries were madg, SS Cyg by L. Wells in 1896,
Z Cam by G. Van Biesbroeck in 1904, SU UMa by L. Ceraski in 19081938
forty-seven DNe were already known (Payne-Gaposchkin agb&chkin 1938).
The invention of photoelectric photometry in 1940s and &agion of CCD de-
tectors in 1990s led to further discoveries and in-depthistiof CVs. Gansicke
(2005) lists the most important photometric surveys, idiig the Palomar-Green
survey (Greeret al. 1986), the Edinburgh-Cape survey (Stobieal. 1997), the
Hamburg Quasar Survey (Hagehal.1995), and the 2dF Quasar Survey (Bogte
al. 2000), which increased the number of known CVs to severatirads.

Recently, a large number of cataclysmic variables has bieseokred mainly
in the course of two projects. Based on the data from Sloamd)igky Survey
(SDSS, Yorket al. 2000) 285 CVs were identified (Szkody al. 2011), most of
which had not been known before. These objects were selesiad their col-
ors and confirmed spectroscopically. Additional obseoratishowed the presence
of at least nine DN candidates in that sample (Szketlgl. 2011). In the sec-
ond project, the Catalina Real-time Transient Survey (ORTiBmerous optical
transient events, including DN outbursts, supernovaeana UV Cet type flares,
are being detected (Dralat al. 2012). So far, by June 2013, the CRTS wellsite
lists around 690 confirmed and candidate CVs. From time te tiew CVs and
candidates for this type of variables are being detectedgrmptical wide-field
surveys such as the Palomar Transient Factory (PTF,dtaais 2009), the All Sky
Automated Survey (Pojnieski 1997), the OGLE Transient Survey (Koztowski
al. 2013).

However, none of the mentioned above surveys concentrateoarded stellar
regions such as the Galactic disk and bulge. In the bulge &ieslinskiet al.
(2003) and Cieslinsket al. (2004) found 33 and 28 DNe, respectively, searching
the OGLE-Il and MACHO databases for brightenings in thetligirves. Recently,
Poleskiet al. (2011) reported the identification of three new DNe deteateithe
OGLE-IV bulge area and presented potential of large-fieghtdadence surveys
for DN studies. In Fig. 1 we show the distribution of known DINehe sky.

Based on the observed light variations DNe are divided inted main types:
U Gem, SU UMa, and Z Cam variables.

Thttp://nesssi.cacr.caltech.edu/catalina/AllCV.html
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Fig. 1. Distribution, in the Galactic coordinates, of knotmarf novae. Green points denote positions
of 507 DNe listed in the 2013 version of the Ritter and Koltatag (2003), blue points represent 65
DNe found in the OGLE-Il and MACHO Galactic bulge data (Cieski et al. 2003 and Cieslinslet

al. 2004, respectively), while red points show positions of é&DNe reported in this paper.

U Gem type stars (also called SS Cyg type stars) exhibit epegsilar (with
recurrent times from several days to several years) langglitude (2—-5 mag iv)
outbursts. According to the standard model (Osaki 1974)itbemal instability in
the accretion disk triggers the matter to fall onto the stefaf the white dwarf. In
this process a substantial amount of gravitational enesggleased and the lumi-
nosity of the system increases by uptdl00 times. The orbital periods of U Gem
type variables are usually longer than 3 h.

SU UMa type stars have occasional superoutbursts briginigtd@nger than
normal outbursts. During the superoutbursts light vaoiadi of an amplitude up
to =~ 0.4 mag in theV-band, called superhumps, are observed. Currently, there
are three competitive models explaining the behavior of SWallype variables:
(1) the thermal-tidal instability (TTI) model (Osaki 1989 which the ordinary
thermal instability is coupled with the tidal instabilitye@ superhumps are the re-
sult of an eccentric disk; (2) the enhanced mass-transM{Enodel (Smak 1991,
2004, 2008), in which the mass-transfer rate from the semgnid variable and su-
perhumps are due to variable brightness of the hot spot a&dge of the disk; and
(3) the pure thermal limit cycle model (Cannizebal. 2010, 2012), in which the
thermal instability is complex enough to produce supenorsgis and supercycles.
According to the very recent work by Osaki and Kato (2013) shert cadence
data from the orbiting Kepler telescope (Koehal. 2010) of DNe V344 Lyr and
V1504 Cyg strongly favors the TTI model. Typical SU UMa typBl®have super-
cycle lengthsPs; betweens 100 d and~ 1000 d. Dwarf novae wittPs. < 60 d
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(so far five objects) have been classified as ER UMa type Vaggtulakowska-
Hypka et al. 2013a), while stars withPsc = 3000 d are known as WZ Sge type
variables (Uemurat al. 2010). The orbital periods of SU UMa type stars are
shorter than 3 h.

Dwarf novae of the Z Cam type exhibit standstills, duringethoutbursts cease
for days to years. In standstill the star is up to one mageitoelow its outburst
level. Meyer and Meyer-Hofmeister (1983) proposed that Q@gpe stars have
mass-transfer rates just below the critical value in cygltbursting phases and
slightly above in standstills, as it is in the case of noka-btars.

In this paper we report the discovery of forty DNe in the OGILEGalactic
disk fields. Section 2 gives details on the observations addations. The search
procedures and the analysis of light curves are describ8ddtion 3 and Section 4,
respectively. In the subsequent three sections we presemesults on stars clas-
sified to the U Gem type (Section 5), SU UMa type (Section 6y, ArCam type
(Section 7). Finally, Section 8 states our conclusions.

2. Observationsand Data Reductions

All data presented in this paper were collected between 20012009 during
the third phase of the Optical Gravitational Lensing Expemt (OGLE-III). The
observations were obtained with the 1.3-m Warsaw Teleslomaeed at Las Cam-
panas Observatory, Chile, which is operated by Carnegtéutien for Science. A
CCD camera attached to the telescope consisted of eight wfitip the total field
of view of 35 x 35 and the scale of 0.26 arcsec/pixel. More details concelthiag
instrumentation can be found in Udalski (2003).

The OGLE-IIl Galactic disk fields cover an area of 7.12 tiégward the con-
stellations of Carina, Centaurus, and Musca. The time-gptre observations and
the number of data points varied from field to field (see Tabénd Figs. 1-2 in
Pietrukowiczet al. 2013). A total number of approximately 8.8- 1P stars was
observed (Szynteski et al. 2010) in these lines-of-site.

A majority of observations were taken in the standbtghnd filter with an
exposure time of 120 s or 180 s. For the remaining measurasmtraV-band
filter was used with a longer exposure time of 240 s. The phetpnwas carried
out with the Difference Image Analysis (DIA) algorithm (Athand Lupton 1998,
Wozniak 2000). A detailed description of the OGLE data iiun pipeline can be
found in Udalskiet al. (2008).

In the case of eighteen faint DNe, we decided to improve tit@itometry. For
this purpose we selected subtracted images taken duribgrsts of the DNe under
good seeing conditions. After stacking the images, we terdened positions of
the centroids for these stars. Finally, having the new oéadr we extracted the
photometry using the standard pipeline.

The finall-band light curves of the newly detected dwarf novae ardaiviai to
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the astronomical community from the OGLE Internet Archive:

http://ogle.astrouw.edu.pl
ftp://ftp.astrouw.edu.pl/ogle/ogle3/OlII-CVS/gd/dn/

The objects are arranged according to increasing rightrasme and named as
OGLE-GD-DN-NNN, where NNN is a consecutive number. We ndtat DNe
reported in this paper are included in the OGLE-III Catalbyariable Stars.

3. Search for Dwarf Novae

Dwarf novae exhibit a vast diversity of photometric behavideir light curve
shapes often differ significantly even for members of theesaubgroup. Outbursts
appear unexpectedly, and in many cases, they recur noodpeily. All these
factors make the search for dwarf novae very demanding. @ach procedure
consisted of three independent parts.

In the beginning, 27 DNe were discovered as a byproduct cfelaech for peri-
odic variable stars in the OGLE-III Galactic disk fields (fPudowiczet al. 2013).
Phased and time-domain light curves of almost 345 500 stighsavsignal to noise
S/N > 10 were visually inspected resulting in thousands of pécigdriables such
as eclipsing binaries (Pietrukowiez al. 2013), pulsating stars, and spotted stars
(Pietrukowiczet al. in preparation). We identified the first 27 DNe, mainly with
large amplitudes and quasi-periodic brightenings, amoisgetianeous variables.
This relatively large number of DNe encouraged us to furthesstigations.

It is commonly known that the majority of cataclysmic vatedand particu-
larly dwarf novae exhibit UV and blue excess (Warner 1995hfdstunately, the
observations were collected only in the optidaland|-bands. Due to large in-
terstellar absorption in the observed disk fields, this makeolor-based selection
of CVs/DNe practically impossible. On the other hand, weidiet to examine
the optical counterparts to the X-ray sources detectedinvitie OGLE-III disk
area (Balman 2012, Udalskt al. 2012). According to the HEASARC (the High
Energy Astrophysics Science Archive Research Céhttatabase there are 220
such sources. We searched for optically variable candidaithin the radius of
5’2 (= 20 pix) around their positions. Only one dwarf nova, OGLE-GN-030,
was found 047 away from the source X110505.31-611044.5 (Ptak and tBsffi
2003). Incidentally, we note that this source is locaté&®l 8vay from the pulsar
PSR J1105-6107, which was observed with the Chandra X-Ragi@étory twice
in 2002. This result shows that the current X-ray surveyshedlow and/or limited
to small regions in the sky.

We were aware that some DNe might have been overlooked dtirengisual
inspection or they simply did not pass the periodicity cdindi(e.g, only one out-
burst was observed). In order to increase the completesensieh as possible, we

*http://heasarc.gsfc.nasa.gov/
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applied the following procedure. For at 8.8- 10° stars with the availableband
photometry observations were grouped into one-day bingfamdean brightness
per night with at least three data points was calculatedhérfitst approach, DN
candidates were selected if their brightness increased least 1.0 mag over the
mean value for at least three consecutive days. From abdb@@Zisually in-
spected candidates we found twelve new dwarf novae. In tbenseapproach,
we extended the search for variables with amplitudes at @8snag and a mean
brightnesd < 19.5 mag, but no new objects were found. Our algorithm found 24
DNe already detected in the first part. It did not recognize EMCam type stars
and two SU UMa type variables with amplitudes between 0.3 aratj0.8 mag,
which are very likely blended objects. Apart from thena fideDNe, the majority
of candidates were DY Per type stars, Be stars, long perindblas, and artifacts.

The three independent searches resulted in the discovel® pfeviously un-
known DNe. None of them is listed neither in the Ritter andiKchtalog (Ritter
and Kolb 2003, version 7.19) nor in the General Catalog ofade Stars, (GCVS,
Samuset al. 2007-2012). In Table 1, we give basic information on theaisced
DNe. Figs. 2-3 present finding charts for our objects.

4. Light Curve Analysis

We cleaned the raw light curves of our DNe removing a few obsioutliers
and all data points fainter thdn= 23 mag. Observations were calibrated on the ba-
sis of the mean magnitudes given in the OGLE-III photomeiraps of the Galactic
disk (Szymaskiet al.2010). Each final light curve contains from 678 (OGLE-GD-
DN-001) to 3789 (OGLE-GD-DN-009) data points with the meatue of 1752
points. The time span of the observations varies from oneversyears, depend-
ing on the field.

Each light curve was divided into parts corresponding t@gcence, outbursts,
superoutbursts, and standstills, if those were preserg.nfdgnitudes were trans-
formed into flux and the weighted mean was calculated forspgiece and stand-
stills. We note that the statistical error is small (typigab, < 0.05 mag) due
to the large number of measurements. In a similar way, th& paghtness was
assessed for normal outbursts and superoutbursts of SU Ybdavariables. We
measured the time duration of the outbursts and calculatiddverage value. In
many cases the beginning or/and the end of outburst was setwd. For some
SU UMa type stars we were able to find the recurrence times whalooutbursts
(Tn) and superoutburstdy). In a few cases the superoutbursts were well-sampled
and bright enough that it was possible to determine the bwpep period after
linear de-trending. For three U Gem type stars we were abéstionate their or-
bital periods in quiescence. This was performed with the loéthe TATRY code
(Schwarzenberg-Czerny 1996).
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Tablel
Basic data on the discovered DNe in the OGLE-III disk fields

Name Field Star ID RA Dec Type
J2000.0 J2000.0

OGLE-GD-DN-001 CAR118.8 1241 186M19578 —63°3732/8 SU/WZ
OGLE-GD-DN-002 CAR116.2 10591 #87m28%40 -62°4928'8 UG
OGLE-GD-DN-003 CAR118.7 29174 #88M00°57 —63°2247'7 SU
OGLE-GD-DN-004 CAR116.3 27971 188M45%9 -62°3852/0 SU
OGLE-GD-DN-005 CAR116.3 6361 188"56517 —62°4315'8 UG
OGLE-GD-DN-006 CAR117.8 28538 H189M47575 —62°5529'4 UG
OGLE-GD-DN-007 CAR117.7 31482 #89"57500 -62°4517'8 SU
OGLE-GD-DN-008 CAR117.5 13030 f®aomi4525 —62°3317'7 SU
OGLE-GD-DN-009 CAR109.7 35705 #182M02540 -62°1153'5 SU
OGLE-GD-DN-010 CAR110.1 28587 H183"30562 -61°4736'8 UG
OGLE-GD-DN-011 CAR109.3 16569 183"34550 —62°0734'4 UG
OGLE-GD-DN-012 CAR107.5 5148 186M16597 -—61°5056'8 ZC
OGLE-GD-DN-013 CAR111.3 38101 187M46592 —60°4108'8 UG
OGLE-GD-DN-014 CAR111.3 39243 Hha7m57516 -—60°4122'7 SU/WZ
OGLE-GD-DN-015 CAR108.1 17123 1875843 —61°3817'7 SU
OGLE-GD-DN-016 CAR108.2 16574 188™07540 -61°30/13'5 SU
OGLE-GD-DN-017 CAR105.8 42407 '180"16%68 —61°50009/1 SU
OGLE-GD-DN-018 CAR105.8 44632 180M47510 -61°5009'7 UG
OGLE-GD-DN-019 CAR105.5 24506 1B1M36%65 —61°2739'1 UG
OGLE-GD-DN-020 CAR105.7 51393 #182M11585 —61°4114'3 UG
OGLE-GD-DN-021 CAR105.3 33886 182M40548 -61°3416'5 UG
OGLE-GD-DN-022 CAR105.4 38638 184M00%44 -61°2438'3 UG
OGLE-GD-DN-023 CAR104.7 1357 185M03597 -61°5652/8 SU
OGLE-GD-DN-024 CAR1145 2145 Xp5m20552 —60°1728'1 UG
OGLE-GD-DN-025 CAR113.6 11221 #87™17530 -61°0204’4 SU
OGLE-GD-DN-026 CAR104.7 60634 197"30500 -61°40'30'3 UG
OGLE-GD-DN-027 CAR114.1 36099 #87"50500 -60°3722'6 ZC
OGLE-GD-DN-028 CAR113.1 31667 #1B9"2508 —61°1727/1 ZC
OGLE-GD-DN-029 CAR106.6 38520 1@2M35%82 —61°4409'4 UG
OGLE-GD-DN-030 CAR100.7 27497 1050536 —61°10144'8 UG
OGLE-GD-DN-031 CAR100.2 37818 H#a7m20559 —61°0832'9 SU
OGLE-GD-DN-032 CEN107.8 52448 W133"56%20 —62°1210'6 UG
OGLE-GD-DN-033 MUS100.5 4312 132"50574 —64°395172 SU
OGLE-GD-DN-034 MUS100.6 5148 132"5385 —64°4955'6 SU
OGLE-GD-DN-035 MUS100.1 65558 #85M08556 —65°0023/8 ZC
OGLE-GD-DN-036 MUS100.1 25683 #85m29503 —65°0538/0 SU
OGLE-GD-DN-037 MUS101.8 64830 #32™16509 -65°0800'5 SU
OGLE-GD-DN-038 MUS101.7 38066 f133"57546 —65°0435'7 SU
OGLE-GD-DN-039 MUS101.8 33967 124m01562 -—65°1219/8 SU
OGLE-GD-DN-040 CEN108.8 42697 13239550 —64°2835'9 UG

Object OGLE-GD-DN-009 also refers to star 28443 in field CAB2.



Fig. 2. Finding charts for the newly discovered DNe in the @&l disk data (part 1 of 2). North is
to the right and East is up. The field of view iédh a side. The variables are exactly in the centers
of the charts and marked with cross-hairs.

5. U Gem type Stars

In Table 2, we give basic photometric information on our U Ggpe stars: the
meanl-band brightness in quiescentg;, the mear-band maximum brightness
in outburstslyyt, the number of observed outbursts, the duration of outbilg:,
the recurrence time between the outbuigtg, and the orbital perio®,,. Figs. 4-
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OGLE-GD-DN

Fig. 3. Finding charts for the newly discovered DNe in the @&l disk data (part 2 of 2). North is

to the right and East is up. The field of view iédh a side. The variables are exactly in the centers
of the charts and marked with cross-hairs.

5 present the light curves of DNe classified as U Gem type bim$a Phased light
curves for three systems with orbital periods estimatediiesgence are shown in
Fig. 6.

5.1. OGLE-GD-DN-002

This star was observed during two seasons: 2007 and 2008lokal light
curve is shown in the most upper panel of Fig. 4. The scattéagal points under
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Fig. 4. Light curves of the U Gem type stars found in the OGLE}isk area (part 1 of 2). Small
ticks on the time axis are every 20 d.
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Fig. 5. Light curves of the U Gem type stars found in the OGLHlisk area (part 2 of 2). Small
ticks on the time axis are every 20 d. Objects with the meashrightness off ~ 22—23 mag in
quiescenced.g, OGLE-GD-DN-021) could be fainter in baseline.
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Table?2

Photometric data on the detected U Gem type stars

Name lqui [mag] lout[mag] nout Dout[d] Tout[d] Porb [d]
OGLE-GD-DN-002  20.18 18.46 22 100 107 0.177939(3)
OGLE-GD-DN-005  19.56 17.71 22 66  12.6 -
OGLE-GD-DN-006  19.23 17.74 33 3.0 8.6 0.269963(9)
OGLE-GD-DN-010  20.99 19.03 7 90 115 -
OGLE-GD-DN-011  20.70 18.95 3 11.0 - -
OGLE-GD-DN-013  20.51 19.13 3 21.0  81.0 -
OGLE-GD-DN-018  21.21 18.95 3 5.0 - -
OGLE-GD-DN-019  21.02 18.63 7 121 29.0 0.426916(3)
OGLE-GD-DN-020  20.87 18.95 5 13.0 545 0.293191(3)
OGLE-GD-DN-021  22.19 19.78 1 4.0 - -
OGLE-GD-DN-022  21.23 18.45 1 15.5 - -
OGLE-GD-DN-024  21.12 19.34 4 130  61.0 -
OGLE-GD-DN-026  19.38 17.34 3 100  52.8 -
OGLE-GD-DN-029  21.19 19.47 3 80 272 -
OGLE-GD-DN-030  19.99 17.38 1 >80 - -
OGLE-GD-DN-032  20.35 18.16 1 8.0 - -
OGLE-GD-DN-040  20.70 18.63 1 6.0 - -

F ‘ T T T ‘ T T T ‘ T T B
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Fig. 6. Phased light curves of three U Gem type stars in qaiese

the main light curve are real variations due to eclipses.rttepto find the orbital
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period, we performed a® — C analysis for two seasons separately. From the
light curve we selected the data points corresponding toptireary minimum.
We adopted a trial period of 0.178 d and calculated a linebesyeris. The best
period values are 0.177937(3) d and 0.177942(4) d for th& 20@ 2008 season,
respectively. The estimated values do not differ statilifctherefore the derived
orbital period isPyrp, = 0.1779393) d = 4.270536) h and the upper limit for the
period derivative isPyp = +2- 108, The obtained orbital period places OGLE-
GD-DN-002 well above the period gap, in contrast to what obald/expect from

its global light curve at the first glance. With the brightr{ty) and faint (short)
outbursts the star might resemble an SU-UMa type varialligif s not.

We detrended and phased the light curve during the shortiith long out-
bursts, and in quiescence (see Fig. 7). During outburstptiheary eclipses are
deeper & 1.8 mag) than in quiescences(1.0 mag), which can be easily explained:
during outbursts the temperature of the accretion dislsriS@nultaneously, in that
phase, the depth of the secondary eclipse decreases. Duigig and long out-
bursts, the secondary eclipses are practically not visible
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Fig. 7. Eclipses in OGLE-GD-DN-002 in three different state

We also report the presence of an embedded precursor in ahe tdng out-
bursts in OGLE-GD-DN-002 (see Fig. 8). Embedded precursave been found
in V447 Lyr based on the Kepler data (Rams#yal. 2012) and in archival data
of U Gem and SS Cyg (Cannizzo 2012). Studies of such featuegshalp in
understanding of the mechanism of long outbursts in DNe iregs.

6. SUUMa- and WZ Sgetype Stars

In Table 3, we list basic photometric properties of starsidied as SU UMa-
and WZ Sge type variables: the mean brightness in quiesdgincthe mean max-
imum brightness in normal outburkt and in superoutburdt, the number of ob-
served normal outbursts, and superoutbursts;, the duration of normal outbursts



148

19

20

I [mag]

21

T TTTTTTTTT{TTTTTTTTT T 1T T T
L .;“i?' -
; £ 5 3 .
L *, o; i
= : ‘ -
L ,'- . :. i
Lo . s ]
RNt ST I
:!l':!f‘-, : - ]
:o‘..Oo S . :
k\‘\\\\\\.\\\‘\\\\\\\\.\‘\\\\
4150 4160 4170

HIJD—2450000 [d]

Fig. 8. Close-up on the outburst with an embedded precunsOGLE-GD-DN-002.

D, and superoutburstBs, the recurrence time between the normal outbufgts
the supercycle lengthis, and the superhump peride;, if measured. Light curves
of SU UMa type variables, except for the WZ Sge type stars O@GI[E=DN-001
and OGLE-GD-DN-014, are shown in Fig. 9 and Fig. 10. Below wedalibe se-
lected objects in detail.

Table3

Photometric data on the SU UMa- and WZ Sge type variables

Name lqui In Is nn ns Dn Ds Th Ts Psh
[mag] [mag] [mag] @ [d] [d [d] [d]

OGLE-GD-DN-001 21.63 1924 1780 4 1 20 180 - — 0.06072(2)
OGLE-GD-DN-003 20.19 1788 1750 16 6 6.5 11.6 11.7 55.0 -
OGLE-GD-DN-004 21.00 18.72 18.38 25 11 4.5 7.1 6.9 245 -
OGLE-GD-DN-007 18.01 1733 1717 1 2 3.0 120 - — 0.08081(4)
OGLE-GD-DN-008 22.05 18.16 17.82 2 1 45 180 - — 0.08404(3)
OGLE-GD-DN-009 19.73 17.36 1696 21 4 6.0 11.0 145 86.8 13
OGLE-GD-DN-014 22.65 19.68-1844 2 1 35 >80 - — 0.08931(5)
OGLE-GD-DN-015 20.65 18.74 1827 3 1 55 110 - - -
OGLE-GD-DN-016 20.54 - 1821 0 1 - 180 - - -
OGLE-GD-DN-017 21.57 18.61>1847 1 1 4.0 >90 - - -
OGLE-GD-DN-023 22.17 2089 1990 2 3 - 130 - - -
OGLE-GD-DN-025 18.39 - 1728 0 1 - 180 - - -
OGLE-GD-DN-031 20.34 1899 1834 3 2 3.0 120 - — 0.06324(1)
OGLE-GD-DN-033 22.08 19.69 1932 6 3 46 100 180 - -
OGLE-GD-DN-034 20.98 1850 1743 5 2 508140 - - -
OGLE-GD-DN-036 21.91 20.08 1969 13 8 44 103 114 553 -
OGLE-GD-DN-037 16.19 - 1588 0 3 - 148 - - -
OGLE-GD-DN-038 20.76 - 1919 0 1 - 140 - - -
OGLE-GD-DN-039 19.76 18.63 1820 35 5 27 13.0 4.5 80.0 01083
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6.1. OGLE-GD-DN-003

A typical supercycle in this star lasts 55 d and containsaim@mal outbursts.
One of the supercycles, the one around HID=2454200, isesh&2 d with two
normal outbursts. During that supercycle normal outbuestted longer (18 +
0.1 d) in comparison to outbursts during the other supercydés +0.2 d). Dis-
tinct precursor outbursts were observed prior to supergstb. In quiescence, a
periodic signal of 0.15162(1) d was found.

6.2. OGLE-GD-DN-004

This star has the shortest measured supercycle length saoyle of SU UMa
type DNe. We found that the supercycle increased frond240.1 d in 2007 to
26.4+0.1 d in 2008. This corresponds f&. = (+5.4+0.6) - 10 3. During the
2007 season the supercycles were very similar to each oilgle in 2008 the
outbursts seemed to be more erratic. We note the presenaeairpors before
some superoutbursts.

6.3. OGLE-GD-DN-007

In this star only two superoutbursts were observed withirdistsuperhumps
with the period of 0.08081(4) d. Possible lengths of the styme are the follow-
ing: 94d, 125d, 188 d or 376 d.

6.4. OGLE-GD-DN-008

In the light curve of this SU UMa type variable only one supgburst was
noted. The lower limit for the supercycle length is about 160 Superhumps,
already observed during the precursor outburst, have thedef 0.08404(3) d.
The superhump evolution is shown in Fig. 11.

6.5. OGLE-GD-DN-009

This star is located in two overlapping OGLE-IlI fields, CAB8land CAR115,
and was monitored for a record number of 379 nights over $esa605—-2008.
Four long and bright superoutbursts with distinct prectssmd superhumps were
observed. The estimated supercycle period amounts to 86ahite the recur-
rence time of the normal outbursts increased systematifralin 12 d to 19 d. The
superhump period is 0.1310(3) d.

6.6. OGLE-GD-DN-023

This star is one of the faintest stars in our sample. Threghbsuperoutbursts
and two normal outbursts were observed. The possible sygerength is either
65.5 d or 80 d. During the first superoutburst we found low-kiuge variations
(probably superhumps) with the period of either 0.0705(6) 6.0755(5) d.
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6.7. OGLE-GD-DN-034

Only two superoutbursts were observed for this object. mthe first one,
superhumps with the period of 0.06324(1) d were found. Tleteht plausible
supercycle length for this star is 70 d, however other valresalso possible.

6.8. OGLE-GD-DN-036

The supercycle length in this object increased from7430.3 d in 2003 to
55.3+0.7 d in 2004. This corresponds Ry. = (4+5.9+0.4)-10~3. The recurrence
time between the normal outbursts varies significantlynfibd to 18 d with a mean
value of 10-11 d.

6.9. OGLE-GD-DN-039

The light curve of this stars shows five brighf,gx~ 18.2 mag) and long £
13 d) superoutbursts and 10 normal outbursts in betwkgn £ 18.6 mag, 27 +
0.2 d). Although no precursor outbursts were observed (uafately, due to bad
weather conditions the beginning of two superoutburstewassed), the presence
of superhumps indicates that this object isana fideSU UMa type variable. The
superhump period amounts &, = 0.083497) d = 2.0042) h. The average
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supercycle length is 80.0(1) d, however, it decreased frah 8 to 78.4 d with a
constant rate 0Py = —1.36(8) - 10-3. This is in contradiction to what has been
recently found in active SU UMa type stars (Otulakowska-kiypt al. 2013b).
The object OGLE-GD-DN-039 seems to be one of the missingerystetween
the typical SU UMa type variables and ER UMa type stars.

6.10. OGLE-GD-DN-001 and OGLE-GD-DN-014

These two WZ Sge type stars have similar light curves, showig. 12. In
both cases we observed bright and long superoutburst witiindi superhumps
followed by a series of 2—4 short “echo” outbursts. THend amplitude of the su-
peroutbursts are 2.9 mag and 4.2 mag in OGLE-GD-DN-001 andEdGD-DN-
014, respectively, while the “echo” outbursts atel.4 mag fainter, in both stars.
Unfortunately, the beginnings of the superoutbursts weteobserved. In OGLE-
GD-DN-001 the points around HID=2454170 may corresporitg@tecursor out-
burst. We assessed the superhump period for each star. HOE-@®-DN-001 it
is equal to 0.06072(2) & 1.45723) h. The second star, OGLE-GD-DN-014, has
a slightly longer superhump perio8y,, of 0.08931(5) d= 2.143410) h.
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Fig. 12. Light curves of two WZ Sge type stars. Note the preseasf “echo” outbursts after the
superoutbursts.

These two stars are very similar in their behavior to EG Cnaictvlwas ob-
served in superoutburst in 1996 (Pattersbial. 1998). This suggests that OGLE-
GD-DN-001 and OGLE-GD-DN-014 are WZ Sge type stars with ay\anall
mass-transfer rate and extremely long supercycles. Twiaasisystems, namely
MBR124.21.11N and MBR120.21.138N, were recently disoegén the OGLE
Magellanic Bridge region (Koztowsket al. 2013). Future OGLE observations
should allow estimation of the supercycle lengths in alsthebjects.
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7. Z Camtype Stars

Basic photometric properties of four Z Cam type stars in ti@L8-IIl disk
area are listed in Table 4. We measured the following valtresmean brightness
in standstilllsiang, the maximuml max and minimuml iy brightness in outburst, the
duration of outburst®., and the recurrence time between outbuiitg. Light
curves of the stars are plotted in Fig. 13. The detected Z Gam $tars spent on
average 25% of the time in standstills. Below we give detasthments on each
object.

Table4

Photometric data on the newly discovered Z Cam type stars

Name Istand  Imax Imin Dout Tout
[mag] [mag] [mag] [d] [d]
OGLE-GD-DN-012 17.71 17.13 18.28 6-8 9

OGLE-GD-DN-027 19.15 1835 19.71 8-15 20
OGLE-GD-DN-028 19.70 18.37 20.15 6-16 26
OGLE-GD-DN-035 18.73 17.62 20.63 7-16 17-20

7.1. OGLE-GD-DN-012

This star was observed for two seasons (2005-2006). Ingité Gurve, one
can see fainterlfax ~ 17.5 mag, amp= 0.6 mag) and shorter (5-6 d) regu-
lar outbursts interlaced every 3—4 events with more promtitik,ax ~ 17.1 mag,
amp ~ 1.1 mag) and longer (10-11 d) outbursts. In minimum, Ithend bright-
ness is 18.3 mag and is similar after both types of outbultstsworth noting that,
in contrast to the majority of known Z Cam type stars, the Hngss in OGLE-
GD-DN-012 increased after the first standstill. Unfortatatthe end of the second
standstill was not observed.

7.2. OGLE-GD-DN-027

We observed one clear standstill for this star. The first onstafter the stand-
still was brighter and longerlax ~ 18.35 mag, 15 d) than the following three
outbursts (max = 18.80 mag, 8 d). During the standstill the brightness variedhwit
an amplitude o~ 0.5 mag and a time scale ef 12 d.

7.3. OGLE-GD-DN-028

In this object two very short standstills were observeduatbHJD=2453810
and HID=2454120. Theband amplitudes of 1.2—2.0 mag and irregular shape of
the outbursts are typical for Z Cam type stars.
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Fig. 13. Light curves of Z Cam type stars.

7.4. OGLE-GD-DN-035

This is the best observed Z Cam type star in our sample. ls digrve covers
279 nights over years 2003-2009. Itincludes 15 outburst®are standstill lasting
at least 60 d. In the first two seasons, the star exhibiteduositbrecurring every
17-20 d. The first outburst after the standstill was briglated longer [max ~
17.6 mag, 16 d) than the following onek{ax~ 18.1 mag, 7 d). OGLE-GD-DN-
035 was observed in the standstill phase for about 22% ofrife 1n this state the
brightness variations with an amplitude f0.4 mag and a time scale ef 7.5 d
were seen.

8. Summary and Conclusions

In this paper we report the identification of forty new dwaoiae in twenty-one
OGLE-IIl Galactic disk fields. We have increased the totahber of all known
DNe by 7 per cent. Seventeen variables are of the U Gem typete&n of the
SU UMa type, and four of the Z Cam type. We analyzed the lighves and
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estimated basic parameters of the DNe such as the duratibreanrrence period
of the outbursts. Prominent eclipses seen in OGLE-GD-DRI-dlidbwed us to find
precise orbital period in this system. We note that in oneunfZoCam type objects,
OGLE-GD-DN-012, in contrast to the large majority of vatiedof this type, we
observed an increase of brightness after the standstilgoha

In the case of five DNe classified as SU UMa type variables we \abie
to assess supercycle lengths. The obtained lengths are iratlye of 20-90 d,
generally between objects classified as typical SU UMa typk ER UMa type
variables. In Fig. 14, we present the distribution of theesapcle lengths for 73
known SU UMa type stars, including the five new objects. Thaiper of detected
short supercycle period DNe is large enough to discard th&JER as a separate
class of variables and to classify them as SU UMa type va&ablVe note that in
OGLE-GD-DN-039 we found a decrease in the supercycle perindt observed
in other active SU UMa type systems.
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Fig. 14. Distribution of the supercycle lengths for known BWMa type stars. Five OGLE stars have,
more or less, supercycle lengths between the short periddM&type stars and the typical SU UMa
type DNe. Thus, we propose to discard the former type.

Currently, there is no known DN with a supercycle period kegw 1100 d
and 3300 d. Dozens of systems with a single observed WZ &gesliperoutburst
require follow-up monitoring campaigns with the aim to fiheir Psc. In this paper
we add two stars, OGLE-GD-DN-001 and OGLE-GD-DN-014, tolisteof such
systems. Analysis of time-series photometry from exisfeng, 21-year-long bulge
observations by OGLE) and future long-term survesig{Large Synoptic Survey
Telescope, LSST Science Collaboration 2009) should altatissical assessment
of the existence of objects with in this range.
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