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Abstract

| 2011

The Ursa Major group is a nearby stellar supercluster whittile not gravitationally bound, is defined by co-moving niears.
— DD UMa is a¢ Scuti star whose membership in the Ursa Major group is unclea
™) . The objective of this study is to confirm the membership of DMaJin the Ursa Major group, as well as perform a detailed
spectral analysis of the star. Since DD UMa is a low-ampét@ié&cuti star, we performed a frequency analysis. We detenine
\J] fundamental parameters, chemical abundances, and demassiand age for the star.

For this study we observed DD UMa at the Okayama Astrophi€ibaervatory with the high-resolution spectrograph HIDES
——between the 27 of February and the' March, 2009. Additional observations were extracted fréwa ELODIE archive in
nd order to expand our abundance analysis. Group memberstipdffMa was assessed by examining the velocity of the star

in Galactic coordinates. Pulsational frequencies wererdehed by examining line profile variability in the HIDESesjtra.
- ‘Stellar fundamental parameters and chemical abundancesiedved by fitting synthetic spectra to both the HIDES ah@BIE
observations.

[ DD UMa is found to be a member of the extended stream of the Megar group, based on the space motion of the star. This
9 is supported by the chemical abundances of the star beirgistent with those of Ursa Major group members. The staruado
+= 'to be chemically solar, witfiet = 7450+ 150 K and logg = 3.98+ 0.2. We found pulsational frequencies of 9/d end 15.0 (.

% While these frequencies are ifBaient to perform an asteroseismic study, DD UMa is a goochbstar candidate for future study
by the BRITE-constellation.
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1. Introduction moving group. DD UMa (18 UMam, = 4.M832) is ad Sculti
star located in the Ursa Major constellation, for which memb
The Ursa Major group, also known as the Sirius superclusteship in the Ursa Major group has not been well defined due to
« is the closest supercluster to the Sun. This group was fiestid the lack of spectroscopic and photometric observations.
«— tified by the observation that five central stars in Ursa Major
5 were moving towards the same point in space (Proctor,| 1869; Spectroscopic variability in DD UMa was first noticed by
- = |Huggins, 1871). After this discovery, a number of othersstar|Schlesinger (1914), based on observations from the Allengh
were noticed to have similar space motions, some close ® UrgObservatory, who suggested the star was a spectroscopic bi-
E Major and some as far as the southern hemisphere (e.g HBary candidate. Abt (1965) obtained radial velocity measur
147584). This leads to distinguishing two subgroupsintreal ments during 13 nights spread between December 1959 and
Major group: the nucleus (consisting of 13 stars includimg t April 1961, and reported that there was no variability in the
five central stars in Ursa Major), and the extended streara. Thradial velocity curve of DD UMa, thus they concluded DD
subgroups are considered to share a common origin, but tHéMa was not a spectroscopic binary. Percy (1973) used DD
members are considered gravitationally unbound. Stasddc UMa as a comparison star while photometrically observing HR
in the extended stream, as well as in the nucleus, provide i3775. In these observations they noticed that DD UMa showed
formation about the formation and evolution of the Ursa Majo ¢ Scuti variability, with a~0.03 magnitude amplitude and a pe-
riod of ~3 hours.| Horan et all (1974) observed DD UMa for
two nights and confirmed the period and amplitude reported
*Corresponding author. Tek:90 312 212 67 20; fax90 312 223 23 95 by [Percy [(1973). The period derived by Percy (1973) is the
L fOi’::;'g‘i‘i;ejsaefeii‘a(f_lT:%asnska‘";;ipef‘é‘;r;r a(?: Er?g.slln).'lzolsom) only value available in the literature, and was recentljtided
' ’ in work by|Rodriguez et al! (2000), Samus €t al. (2009), and

balbayrak@ankara.edu.tr (B. Albayrak),izumiura@oao.nao.ac.jp
(H.lzumiura) Watson et al.[(2011).
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With this paper we supply a modern spectroscopic analysis of , _ _
DD UMa. which is notablv absent in the literature. A detailed Table 1: The Julian date (HID) angNSof each observation obtained on thé 1
; y - of March 2009 with HIDES.

abundance analysis and frequency analysis of the star @rimp Fib SN b SN
B n 2454891.9845 365 2454892.1202 296
tant groundwork for further studies of the star, particlylas- 24508919577  370| 24548921410 380
. . . 2454891.9687 360| 2454892.1519 364
teroseismology, and helps place the star in a proper evolarty 24548919838 380| 24548921629 337
y .. 2454891.9947 409 | 2454892.1738 320
context. A careful assessment of DD UMa’s membership in the 24508020058  363| 24548921849 200
. . . . . 2454892.0168 420| 2454892.2135 382
Ursa Major moving group is also important. An older pulsgtin 24548920545  338| 24548022245 342
" B B 2454892.0833 367 | 2454892.2394 327

star such as DD UMa could provide valuable information about 24508020043  317| 24548023658 95

2454892.1093 395

the formation and evolution of Ursa Major group. Additidgal

DD UMa is a candidate target for the BRITE-Constelldtion

which will perform high-precision photometry of bright sta

in order to analyse their pulsational properties. Thus aidet UMa cover a wavelength range of 3850-6800 A=@R,000)

ground based study of DD UMa is valuable in advance of thesand include Balmer lines suitable for our analysis. We ubed t

potential space based observations. highest @\ (=284) observation of DD UMa, which was ob-
served on the 2Bof March 2004.

2. Observationsand Data Reduction ]
3. Frequency Analysis

We obtained a time-series of observations of DD UMa be- . . . .
tween the 2' of February and the®@March of 2009, with the The frequency analysis of pulsating stars provides infarma
high-resolution spectrograph HIDEBRIh Dispersion Echelle t|qn Zb]?m thhe_ |L1ter|orls ‘?f thos((je Ii_tars. The abs_orptlorslmte} f
Spectrographattached to the 1.88 m telescope at the Okayamclfu?e romhig -r:esollutlon afr_ll |gb.il\$.t|me—sir.lehs spectra o
Astrophysical Observatory. The data set covers a Wavehenglpu sating star,s show line profile variations, whic carmﬁ_mq—
range of 3830-5600 A, at a resolving power of 47,000. An eX_tlo_ns of a star’s pulsational behaviour. If these line _peom_rl_- _
posure time of 900 seconds was used for all observations. THRjions can be resolved, they can be used for mode identiicati

observations from thes1of March (listed in Table 1) have a of & star's pulsation frequencies. L
signal to noise ratio (8l) of 95-420, however the other obser- We performed frequency analysis with FAMIABréquency

vations have a /8l lower than 50 due to poor weather condi- g\naly&s aer L\de(T Iddegtlflcatllon Ifor Asteroselzmolc@[ma
tions. Thus only the observations from th® df March were 008) on the blended absorption lines centered at 4417, 4443

suitable for a frequency and abundance analysis. 4384, and 4481 A in the HIDES data set from ttfedE March

We reduced the time-series of HIDES observations of DD?00%" FAMII:AS _searchles for_lp_)ﬁriodifcities in t_ime-seriﬁscspk))e
UMa with standard IRAFIfmage Reduction and Analysis Fa- tra using a Fourier analysis. These frequencies can thee-be r

cility) routines; this included bias subtraction, flat fieldindysu fined using muIt|—per|c_)d|c Igast-s_quares f|tt|ng. The peogr
traction of background scattered light, extraction, andeva can also spectroscopically identify the pulsation modes-as

length calibration using Th-Ar lamp spectra. After redanti ciated with pulsation frequencies using either line moraent

and extraction, a barycentric correction was applied tsfee- (Z%r(')?\uetvi/iﬂd Aerts| r2]0 03]2 or "1 F(_)um:r param_eter fi ("'?ar’]
tra, and the spectra were continuum normalised. ) en searching for pulsation frequencies we used the

Since hydrogen Balmer lines are sensitive to temperatur@'xﬁlfbylj]p')l(.el mocﬁ,wulch computes I;ounerspﬁctraéach
and surface gravity, and insensitive to the details of cleami pixelin the line protile, then averages them together to peed

abundances, they are powerful tools for deriving stellaroat afinal mean Fourier spectrum.

- ; ; . Aninitial frequency analysis was performed on the lines cen
spheric parameters. While HIDES has high spectral reswiuti L
the échelle spectral orders are orlg5 A long. The Balmer tered at 4417, 4443, 4384, and 4481 A, yielding peak frequen-

lines of DD UMa are about 300 A wide, consequently properCieS between 9.4-10.8ct For peaks in the Fourier spectrum,

normalisation of Balmer lines in the HIDES spectra was im-S’/gI is ’;hre] ratio Og the amplitud;e of_thhe piak to the mﬁan ngl.i_
possible. Additionally, when performing abundance anajys tude of the nearby spectrum after it has been pre-whitent wi

a data set with a longer wavelength range includes more speﬂq—e peak's frequency. Breger et al. (1993) found thathadin-

tral lines, which often provides access to abundances fiir ad plitude ra_tio ofdis a good criteria for distinguishing patisn
tional elements. Because of this, we also used archivaledse frequencies from noise. The only line that showed a frequenc

tions from the ELODIE instrument, which is a cross-dispédrse peak substantially above @bvalue of 4 during our frequency

échelle spectrograph that was attached to the 1.93 m tglesc analysis was thellme at .4384 A Thus_ we chqse.to focus our
at the Observatoire de Haute-Provence. These observatio§94€NcY analysis on this absorption line, Wh'Ch is a blehd
were extracted from the ELODIE arcHE/e{MouItaka etal., the Fe 4383'_544'8‘ and Fe Il 4385'3.87'& lines. .
2004), which provides reduced, optimally extracted, andewva The analysis of the 4384 A line yielded a main frequency
length calibrated spectra. The ELODIE observations of pot f1=9.4 ¢d (mean amplitude across the line=A.0060,
$/N=11.3) and another frequency =15.0 ¢d (A=0.0043,
S/N=6.2). The main frequency of DD UMa at 9.4dccorre-
Lhttpy/www.brite-constellation. 4t sponds to a pulsation period of 2.6 hours (0.11 days). Unfort

2httpy/atlas.obs-hp.felodig nately, the precision of these frequencies is limited dughéo




short time span of the usable spectra and the low pulsatien am 1
plitudes. Since the pulsation amplitudes of DD UMa are very o
low, our time-series data set does not hav@icient SN to re-
solve the details of the line profile variations, thus we dawt
perform mode identification on the obtained pulsation fesgu
cies.

o
®

4. Atmospheric Parametersand Abundance Analysis

Normalised Intensity

o
>

—— ELODIE data

For the spectral analysis we computed synthetic LTE spectra \ | — T=TASO0K Logg=3

---- T=7853K Logg=4.1(

with the Synth3 code (Kochukhov, 2007). As input, we cal-
culated plane-parallel, LTE model atmospheres with LLmod- T S S

v ] . . . . 6480 6500 6520 6540 6560 6580 6600 6620 664
_els (Shulyak et cl!., 201_)4), which includes detailed Ilnenbbst-_ _ Wavelength (A)
ing, and convection with the method|of Canuto and Mazzitelli
(1992). Atom]c line data were eXtra_Cted from the Vi- kigure 1: Spectra synthesised using photometric (dashedl #nd spectro-
enna Atomic Line Database (VALD, Piskunov et al. 11995; scopic (solid line) atmosphere parameters, compared toliserved H line
Kupka et all 1999; Ryabchikova et al. 1999). profile of the ELODIE spectrum.

We first determined thefiective temperaturelg ;) and sur-

face gravity (logy) making use of photometric calibrations ap-

plied to Stromgren and Geneva colors, obtaining averafe va ) )
ues of Ter1=7853 K and log=4.10. This set of parameters elements, abundances for both elements were determined in a

did not fit the Hr line profile, therefore, we refineless by iterative_ process, relying on additional lines of thoseredats

directly fitting the observed hydrogen line wings, obtagnin to provide further constraints. We adopted the Asplund.et al
Ters = 7450+ 150 K (see Fig. 1). We also examined the Fe(2005) solar abundances as the initial point from which to be
I/Fe Il ionisation equilibrium and, by enforcing this, detva gin the fitting process. Table 2 presents the average abuadan

logg value of 3.85 from the ELODIE observation. The averagevalues and estimated internal error of each ion, for both the
of the photometric calibration and spectroscopicdoglues is ELODIE and !—|IDES observations. Due to the_fas'F rotatl(?n of
3.98. The chemical abundances derived with thisgloglue DD UMa, the internal error calculated for each ion is relaltjv
presented in Fig. 2, are in good agreement fdliedént ionisa- large cgmpared to SIOW_ rotating stars. o
tion stages of the same element. For comparison, we cadculat  The internal errord) is the standard deviation of the abun-
logg based on the mass derived in Sddt. 5, and the radius déances determined for individual lines, and takes into asto
rived from the bolometric magnitude anfiective temperature. uncertainties in line oscillator strengths and the norsadion
We obtained log = 4.06, which is consistent with our aver- (Fossati etall, 2009). These values do not take into ac¢bant
age logg. The final fundamental parameters of DD UMa areuncertainties ifflesf, logg, or ¢ and lead to an underestimate
Terf = 7450+ 150 K and logy = 3.98+ 0.2. of the actual abundance uncertainty. In order to derive the a
We derived a microturbulence velocity)& 2 + 1 knys by  tual uncertainty for the abundances determined from bdth se
minimising the standard deviation of weak and strong linef observations, we calculated the iron abundance change fo
of both Fe | and Fe Il, in the same way as described by 1o difference in each fundamental parameter. For example,
Fossati et 21/ (2007). We also calculateeR.6 kmy's from the @ 1o(=150K) change in th&e((=7450 K) is equal to a 0.21
relation given by Pace etlal. (2006):= —4.7 log(Teff) + 209  dex Fe abundance change for the ELODIE spectra. _L|k¢_aW|se,
kmys. Since this value agrees well with the one obtained fronyve calculated the Fe abundance changes due tfiexetice in

the minimisation of standard deviations, we uged 2.6 + 1.0  l0gg and¢ of 1o and present these values in Table 3. When
kmys during our analysis. taking all of these uncertainties for Fe into account, theteay-

The projected rotational Ve|0citieg$ini) from the ELODIE atic error of the ELODIE and HIDES spectra are 0.28 dex and
and HIDES spectra of DD UMa were calculated as 3884  0.33 dex, respectively.
and 186+ 11 knys, respectively. These values are much higher The abundance values obtained from both ELODIE and
than the 145 kifs derived by Abt and Morrell (1995) who used HIDES spectra are plotted relative to solar abundances
Gaussian fits to line profiles, but are in excellent agreemvight  (Asplund et al.| 2005) in Fig. 2. The abundances derived for
Takeda et al.l (2009) who derived 187 jaemy fitting synthetic  different ions of the same element are in good agreement for
line profiles to observations. both sets of spectra. The abundance values of each ion are con

Due to the fast rotation of DD UMa, the spectral lines in sistent with the solar values, within the internal and gyste
our observations are all heavily blended, and thus the aquiv atic uncertainty, except for Na | and Ca Il. Only one line was
lent widths of lines can not be measured. Instead, full sstith  used to derive the abundance value of Ca Il, and thus thigvalu
spectra were produced with Synth3 (Kochukhov, 2007).rgjtti is rather uncertain. The Na abundance was derived from the
for chemical abundances was done with the Lispan code’s linBla doublet at 5682 & 5688 A which is subject to non-LTE ef-
core fitting routinel(Stutz et al., 2006), using the blendeth-  fects, and therefore is clearly overestimated. Excludivesée
tional broadened synthetic spectra. For lines blendedatfter  two odd ions, DD UMa has solar abundances with a metallicity
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Table 2: The average abundance (Mdg(N:t)) of each ion, internal errow(), and number of lines used (#) for the ELODIE and HIDES specfrDD UMa. For

comparison, solar abundances from Asplund ket al. (2005nheaheded.

ELODIE HIDES
At.Number lon log0Nx /Niot) o # | 10g(Nx/Niwt) o # | Solar Abundances

11 Na | -5.36 0.14 2 - - - -5.87

12 Mg | -4.14 - 1 -4.43 - 1 -4.51

12 Mg Il -4.29 058 3 - - - -4.51

14 Sil -4.27 - 1 - - - -4.53

14 Sill -4.25 0.07 3 - - - -4.53

20 Cal -5.60 0.39 10 -5.76 0.01 2 -5.73

20 Call -5.29 - 1 - - - -5.73

21 Scli -9.28 032 4 -9.00 - 1 -8.99

22 Til -7.39 0.24 3 -7.28 0.35 5 -7.14

22 Till -7.36 0.37 5 - - - -7.14

24 Crl -6.54 0.16 5 -6.60 0.20 2 -6.40

24 Crl -6.52 0.18 2 -6.59 0.32 3 -6.40

25 Mn | -6.50 0.06 3 -6.82 0.14 2 -6.65

26 Fel -4.64 0.23 24 -4.71 0.16 21 -4.59

26 Fe ll -4.61 0.13 8 -4.69 0.26 4 -4.59

28 Ni | -6.21 0.12 7 -6.00 - 1 -5.81

56 Ba ll -9.65 045 3 - - - -90.87
% 14
) 12 Table 3: Changes in the iron abundance fovadifference inTq¢+, logg, and¢
g 1 for ELODIE and HIDES observations. These represent systenmacertainties
+ o8 : due the diterent atmospheric parameters. The combined systematctaimty
L LT - is in the last row.
. S S i Parameter ELODIE HIDES
S I s e T OTetf 0.21 0.23
@, I bleed L Tlogg 0.03 0.03
8o oo B Lls o 0.18 0.24
-g'o'e 3 oy 1 O systematic 0.28 0.33
c 08 m ELODIE|
g 4 O HIDES
<-1.2

£ 22558 38FF055¢8 ¢ Zg 5. Member ship and Evolutionary Status
lon

We assessed the membership of DD UMa in the Ursa Ma-
lor group by means of two criteria: kinematic and spec-
troscopic. First, we measured the radial velocity from our
spectra and calculated the kinematic parameters of DD UMa.
Then we compared these values with the criteria in the liter-
ature for the nucleus and extended stream of the Ursa Ma-
jor group. Our second approach was to compare the spec-
troscopic mean iron abundance of the Ursa Major group
(Ammler-von Eff and Guenther, 2009) with the iron abun-
dance of DD UMa.

We derived theU, V, and W space motions in Galac-
tic coordinates for DD UMa with the equations given by
(Johnson and Soderblom, 1987). The parameters used to cal-
culate the space motion are listed in Table 4. In this tablke, t
where a is the atomic number of an element with atomic radial velocity was measured from the time-series of HIDES
masam, and solar abundances from Asplund etlal. (2005) weralata. Parallax and proper motions were adopted from the new
adopted for all the elements that we did not analyse. Thigeval reduction of HIPPARCOS data by van Leeuwen (2007). The
is well within uncertainty of the solar valug&, = 0.0122 re- kinematic parameters of the Ursa Major subgroups (nucledss a
ported by Asplund et al. (2005). extended stream) and DD UMa are listed in Table 5. We com-

Figure 2: The dierence between our derived abundances and the solar abu
dances af Asplund et al. (2005) for ELODIE (filled square) B#DES (empty
circle) spectra of DD UMa. The abundance error bars of ELOan# HIDES
spectra are 0.28 and 0.33 dex respectively, reflecting tterswatic uncertainty
due to atmospheric parameters.

of Z = 0.013+ 0.003.Z was calculated from

3 as3 M1 00INa/Neo)
) Za>1 rT]aldOg(Na/Ntot) ’

1)
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Table 4: The parallaxtd) and proper motiory(,, u5) of DD UMa were adopted I vadyr  105adyr 115a8yr
from the HIPPARCOS catalogue (van Leeuwen, 2007), and tfialreelocity
(Vr) was calculated from the HIDES spectra. 121~ 180Msun ___\

Parameter Value
7 (mas) 2755+ 0.80
e (Mmagyr) 4914+ 0.98
us (magyr) 5979+ 0.54
Vg (km/s) -16.45+0.93

11 1.70 Msun

Log L/Lsun

Evolutionary tracks \.

pared the kinematic values of DD UMa with both subgroups oo SAwe e s

and determined that the space motion values of DD UMa are mhmmeE

consistent with the extended stream (Chereul et al.,| 1988), e e

not with the nucleus_(King et al., 2003) when taking into ac-

count the uncertainties. Figure 4: The position of DD UMa within the instability striwertical black
Ammler-von Eff and Guenther (2009) calculated iron abun-'ines) on the H-R diagram. Evolutionary tracks are fiom Seitzh et al.|(2000)

- ._and isochrones from_Marigo etlal. (2008). The black dotted, &ind dashed
dances, relative to solar, for 17 members of the Ursa Majoﬁnes show evolutionary tracks of 1.60JW11.70 My, and 1.80 M, respectively.

group and obtained the average value of/jfle= —0.034+0.05  sochrones for & 10°, 1.05x 1¢°, and 115x 10° yrs are represented with grey
dex, which is plotted as a horizontal dashed line in Fig. 3 Th lines from left to right on the H-R diagram.

[Fe/H] value of DD UMa is—0.04 + 0.20 dex, based on the
ELODIE observation, and is plotted as a filled square in Fig.

3. This ﬁgure shows that the iron abundance of DD UMa iSTable 6: The apparent magnitude in the V bang/), parallax &), absolute
in good agreement with the other members of the Ursa Majofagnitude ), bolometric correction, luminosity (lob{Lo)), and logarith-
group (plotted as open circles). Furthermore this figuravsho mic efective temperature (log¢sr)) of DD UMa. The references give the
that DD UMa and the Ursa Major group members have similafeuree of the observation or the calibration used, whertcaybe.
compositions.

1 L
3.84 3.8

Log Teff

Parameter Value Reference
my 4832+ 0.012 Mermilliod (1994)
04 W DDuMe et n (mas) 2790+ 0.20 van Leeuwen (2007)
s —— average of UMa Group MV 2.060+ 0.020
Bolometric Correction @50+ 0.006 Balona (1994)
02 log(L/Ls) 1.044+ 0.008
T o l } log(Te++) 3.872+ 0.009
2, L o1
i
02 black lines for masses of 1.60/Mdotted), 1.70 M (dashed),
M, and 1.80 M, (full), with solar metallicity. By comparison to
' these evolutionary tracks, we conclude that DD UMa has a mass
4500 5000 5500 6000 6500 7000 7500 of .72 + 0.02 M. Figure 4 shows three isochrones with so-
Teff (K) lar metallicity from| Marigo et dl. (2008) for ages of>910°,

e 3 G , ¢ (761 val e Urca Ma A 1.05x 10°, and 115 x 10° years, from left to right. The Ursa

igure 3: Comparison o values of the Ursa Major group members : :

analysed by Ammler-von Hiand Guenthei (2009) with DD UMa. The x-axis Maj(;r group contains stars loosely clustered around the age

represents theffective temperature of the stars and the dashed horizoneal li ~10%, 6 X 10°, and 15 x 10° years (Chereul et al., 1999). DD

is the average [Fé1] value of the Ursa Major group. UMa has a main sequence age (ﬁﬂ.ﬁg:igx 10° years, which is
well within the age range of group members, and on the older

side.
We calculated the luminosity of DD UMa from the apparent

magnitude and parallax, listed in Table 6. Thg; used was
derived in Sect]4. Using this luminosity anflextive temper- 6. Conclusions
ature we placed DD UMa on the H-R diagram. The don-
fidence interval around DD UMa is denoted by a rectangle in We conclude that kinematically DD UMa is located in the ex-
Fig. 4. DD UMa is clearly located within the instability giri  tended stream of the Ursa Major group, and that it satisfies th
(vertical black lines, in Fig. 4), which is consistent witbeing ~ spectroscopic criteria given by Ammler-vorfiEand Guenther
a ¢ Scuti pulsator. (2009) for a group member.

Evolutionary tracks were taken from the computations by DD UMa has solar chemical abundances, #edaive tem-
Salasnich et all (2000) and are plotted in the H-R diagram aperature of 745@ 150 K and a log of 3.98 + 0.2. From the
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Table 5: The space velocity in Galactic coordinatds\{, andW) of the nucleus and extended stream of the Ursa Major grawppfDD UMa.

space velocity (kifs)

u \Y

Reference
W

UMa Nucleus
UMa Stream
DD UMa

13+06 29+09
19+73 10+64
189+0.7 65+02

-84+13 King et al. (2003)
-7.8+55 Chereul et al. (1999)
-6.7+0.6 This Study

star's H-R diagram position we infer a mass 6f2+ 0.02 M,

and an age of 05212 x 10° years, which makes it coeval with

0.15

the Ursa Major group. As & Scuti pulsator, we identified a

Horan, S.J., Michael, J.L., Seeds, M.A., 1974. PossibleBeaTwo delta
Scuti Stars. IBVS 896, 1.

Huggins, W., 1871. On the Spectrum of the Great Nebula infQaod on the
Motions of Some Stars towards or from the Earth. RSPS 20, 379.

main pulsational frequency of 9.4d; and a second frequency jonhnson, D.R.H., Soderblom, D.R., 1987. Calculating gialapace velocities

of 15.0 ¢d.

and their uncertainties, with an application to the Ursadvigroup. AJ 93,

DD UMa is an unbound and relatively old (compared to the 864.

group average) member of the Ursa Major group. It will previd

important information for subsequent kinematic evolutiord
origin studies of the Ursa Major group. Furthermore, thisigt
provides valuable information for future asteroseismicis

with the BRITE-constellation, which is planned to launcisth
year. Photometric measurements with the BRITE-consimfiat

will reveal more pulsation frequencies for mode identifimayt
which can be compared to detailed asteroseismic models.
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