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Discovery of superhumps during a normal outburst of SU Ursae Majoris
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Abstract

W report o time-resolved photometry during o 2002 Janary normeal aotborst of S0 UMa, The

light eurve shows lnomp-l
superhimmp
oleerved periodicity, profiles of the av

nodulations with o period of 0OTHE] L1 d, which coineides with the known
dodd of S0 U AMa during superoutburags, We juterpret this as superlump, based on the
raged light cury

outburst. This is the st case that superlimps are

ad il g — fo variation during the normal
sl during an Bolated pormal outhrst of 500

Ula- type dwanl movae, The present result strongly sugoesis that the rading of the aeeretion disk alveady

reaches the 3l rescmnoe e

e i the midst of the supereyele,

Key worda:  acewtion, accretion disks — stars: dwal novae — stars: individual (SU Ursse Majors)
stars: povae, cataclyamie wariables — stars: oscillations

1. Introduction

ST UMa-type dwarl movae, a subelass of dwarl movae,
accaibit twao types of outbursats: nomeal cotburst and so-
peroutburst [for o review, see Warner 1995, O=aki 1995).
During superout binst, hunp-like modiulations called su-
perhmps ave visible, Basieally, the Bght souroe of super-
lwnepe is understood as plase-dependent tidal disspation
i an eceentrie aceretion disk [‘.\.'hile'lmlhl 1988; E[II'\:H'
Orsaki 19907, Tlie gea ¥
of the aceretion digk is excited by a 31 obital resomanes:
[Oeaki 1939). Aceording to the oiginal tlermal-tidal in-
stability model [TTT model,
aceretion disk momstonieally e
outbimst, When the disk Gnally reacles the 3 resomane:
rading the aceretion disk & tidally defommned and trigges
a supercutbnost. The TTT model reproduees well basie
beliavior of 17 Ubla-type dwarl movae.  However, a re-
form of the TTE model may be reguived, particularly in
with umsnal recurrenee times of superoutnnsts
HOL; Patterson et al, 2002; Osaki, Meyer J003).

Chver the past few years, researel activity eoneerming 500
Ulla-ty pee dwarl novae las been signileantly impved.
O ool Tl mzost important researcl & that wnprecedented
photomet e surveys during soperout hursts have been car-
vied ot by T, Bato and his colleagues [Fato et al. 3006,
Fate et al. 20000 Kato et al. 2012). They collected all
of available data and analyzed the light curves during so-
peroutbursts, from which they have established the basic
nicture of the sunerhumn veriod changes isee fizure 3 of

ral consensns is that an eccentric

, the radive of tle
e witls Iy morizal

allows s to investigate detailed light curves that can-
wot b achieved wnder gromd based oleerations (Still
et al ?ﬂlﬂ; Camnizes et al. 000 Wood et al. 2011; Kato
al.h vt al, 2002). Althougl these surveys
fmprove our uiderstanding of 31U UMa-type dwarl novae,
the diversity of the obaervations clajms Turtler modifica-
thon of the TTI model

[ rcder o decipler and understand the oleersed diver-
sity of 817 UMa-type dwarl nowae, we started o new ap-
proach: simultaneos multieolor photometty of dwarl no-
vae not only during outburst bt alse during goiesesnee.
As o first step, we performed multiedor photometry of
SU UMa itsell from 3011 Decenther to 3002 Felruary, S0
UMa E a protetype of 31U Ubla-type dwarl movas
g V=113-15.7 (Ritter, Kolb 2008) and itz orb 2
ricad ig e med 1o be Py =0.0T6 d [ Thorstenzen
et al. 1935). However, ancomalos bebavior witl short
and long time seales were reported fnthe previos studies
[Rosenzweig et al. 3000; Kato 2002). In this lette
report on detec tion of hlJJ]('IhI]I] e during a 2002 Jamary
morial sutburst. This s the fist reosrded superlnmps
that emerged o the Mle of o supercycle. Results of
the wholk obeerations will be discussed ina forthesming
Paper,

L

2, Observation aml Resnlt

Time-resolved OCD plotometry were performed from
A1 D b 1t 3012 February 30 at Okayama
Astronlwvsical Obssrvatory using the S0cm MITSuME
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Abstract

We report o multicolor photonsetry of 510 Usa Majoris during 2001 December - 3012 Fehruary.
Our photometty revenled that gquiescence & divided into two ty pes based on the magnitude of B band.
Quieseent light curves slhowed complicaied profiks with various amplitedes, Alilougl a weak signal of the
arbital period was detected in the guiscent lght enrves, the main light souree B oot origimated from the lot
spet, but fwm tle aceretion disk izl Dutng a declining stage of a normal outbust, we detectad a lint
of superhumps. ITthis & cofirmed as the superlum pe, this is the fet case that superlumpe are observed

during an Bolated pormal ocuthst, The color-oolor diagram wevealed two possible eyeles and guiesoence

B Turther divided jnio theee ypes based on color ndice, We

wly discovered that ¢ — i becomes redder

a few days prior to an outbhurst. Mlhougln the driving mechanim & unelear, one possibility might be tlat

thee fnmer partion of the acer
Key worda:  aceretion, aceretion disks — stars:

jon disk i filled and sbeoures the central white dwarf,

dwarl novae — stars: individual (S Usa Majos)

stars: movae, cataclysmic variables — stas: oscillations

1. Introduction

Cataclysmie variables ave sem i-detached interacting bi-
maries that consit of a white-dwarl primary and a late-
type smoondary, The secondary star filles s Roelse lobe,
tramsferming mags into the primary Roche lobe via tle

fmer Lagrangian point (L1, by which the aceretion
disk = for IJ'exi arcund the primary (for o review, see
Wart Diwarf novae constiitue a subelass of cat-

aclysmie vi [azaifled it three subelasses aeeond-
g 1o thelr activitkes (Tor a review, see Osakl 196, Kato
et al. 2004; Osaki 2005). SU UMa-type dwarf novie amwe
a subelass of dwarl novae, They show twoe types of out-
bursta: pormal outburst which lasts for a few days and
supemuturst whieh lasts for more than 10 days, During
the superouibunst, tooile ke modulations termed super-
hmpe ave visible, Tl mean period of the superhmmp ae
afew pereent longer than that of the erbital pecied, which
are Delkved to be cansed by plase-dependent tidal dissi-
pation of the ecosntrically -deformed precessing aceretion
alisk [Whitelnnst 1988; Hirose, Ceaki 196060

It is widely accepted that the mean superhnmp period

varies as the superoutbimrst proceeds,
the strocture of the accretion disk varies, or the eccen-
tric masde propagates across the disk, or both. Receuntly,

sl pleture of tle superlnp period change, The hask:
profile of O — O diagmm consists of three stages: stage
A when the mean superlump period is comnstant, stag:
Bowlen the mean superliomp period fne
percutbirst proceeds, and stage © when the mean so-
perlnmp period keeps comstant bui the period slightly
shorter than that of stage A Tle vast majority of S0
Uty pe dwarl novae follows the baske pleture of O — 7
dingram.  Howe il exception.  For
istanee, some objects do ot show stage A Sweh sys-
tems dnelude oo oo, wx, and ek, Other exception
o] dectenses

sasen a5 the su-

there exists seve

o ber mastendd i that the mean superdimp pe
g dage B Such systems tend to bave longer super-
luvinp period, bt the plysical mechanim of this tend
is unknown. In order to undestand the diversity of the
supetinmnp period clanges, tmeresoloed plotometny o
only during superout burst bt ako during guiescene are
iperative,

Another noticable topic & that wmpreeedentedly p
elze lHght curves have been provided by Kepler [Boru
et al. 2000; Hass et al 2000), The obiained light curves
inehide sume §U UMa-type dwarf movae sueh as V344 Ly
and V1504 Cyg (mee also table 1ol Still et al. 2000). ¥ re-
construct the thermak tidal instabilivy model wsing Kepler
data of V344 Lyr. More pe

Ly, varions authors analy sed
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e Normal outburstBFlZsuperhumpZ & H
— TTlI modelMDreformZzE:F
(PASJ letter submitted)

o BZ{kIZoutburstDI FIKI1ZFHKE
— disk instability modelMreformzx & &
(PASJ in preparation)
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Kepler light curve of dwarf novae
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OAO/MITSUME observations
of SU UMa
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Rc band light curve

HJD - 2400000
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Normal outburstH [ZsuperhumpZzH R
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color-color diagramfoutburst’&r%fﬂj
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