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ABSTRACT

Aims. We attempt to determine if a dependency on spectral subtyysr exists for stars undergoing phase-changes between B and
Be states, as well as for those stars exhibiting variahititdae emission.

Methods. We analyse the changes invHine strength for a sample of 55 Be stars of varying specyad and luminosity classes
using five epochs of observations taken over a ten year pbetwdeen 1998 and 2010.

Results. We find i) that the typical timescale between which full phasasitions occur is most likely of the order of centuries,
although no dependency on spectral subtypesioi could be determined due to the low frequency of phase-chgreyients observed

in our sample, ii) that stars with earlier spectral types langer values ofisini show a greater degree of variability iroHemission

over the timescales probed in this study, and iii) a trendhoféasing variability between the shortest and longeglines for stars

of later spectral types and with smaller valuevsifi.
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1. Introduction lower rotational velocities and earlier spectral typesinaplica-
o ) tion being that they may be more prone t(BB phase changes

The emission lines displayed by Be stars are known to be trgeele & Clark 2001). Using optical spectrographic follay

sient (Kogure: 1990), with emission varying over timescal§gyen ten years after the sample was first observed, theityalid

ranging from less than a day (Percyetal. 2002) to yeaipihese statements will be investigated further in thisspap
(Miroshnichenko et al. 2002). This emission variability ris-

flected in the first working definition given by Collins (1987)
who defined a Be star as “a non-supergiant B star whose SP§CHpservations and data reduction
trum has, or had at some time, one or more Balmer lines in emis-
sion”. The targets observed were taken from Steelelet al. (1998; her
More recently, this definition has had to be refined to exfter S99). The catalogue names of the targets and someiof the
clude emission-line stars whose disk formation mechanisiiusidamental properties (viz. spectral class, luminodigs, V
were accretion, e.g. Herbig AeBe stars. Consequently, a nband mag.ysini) are shown in Tablel 1.
subgroup of these emission-line stars, termed “classi@l B In S99, the stars were reclassified under the MK
stars”, was created. Classical Be stars are characterysétiv scheme|(Morgan & Keenan 1973) using spectra taken by the
rapid rotation and decretion disks (see Porter & Riviniu8®0 Intermediate Dispersion Spectrograph (IDS) on the Isaac
Martayan et al. (2011) proposed a refinement of Collins’ defirNewton Telescope (INT), rather than relying on values taken
tionto “... a star with innate or acquired very fast rotation whicfrom the literature. Rotational velocities were also detieed in
combined to other mechanisms leads to episodic matter ejec-S99 by fitting Gaussian profiles to 4 Hel lines at 40264, 4143A,
tions creating a circumstellar decretion disk or enveldpeiot 4387A and 4471A and applying the full width half maximum
only reflect the larger range of spectral types over which thessini correlation of Slettebak etlal. (1975). It should be noted
phenomena have been observed to occur (Conti &/l.eep 1914kt this method of inferringasini has not taken into account the
Rauw et al. 2007) albeit with lesser frequericy (Negueruesdi e effect of gravity darkening, which has been shown to introduce
2004), but also to constrain the method whereby the disk dsedundancy between line profile width avsini at the largest
formed. It is these classical Be stars that are the subjettteof rotation speeds$ (Townsend eflal. 2004; Frémat! et all 2666);
following study. ing to underestimates of the true rotation speed for thegast
In 1999, a multiwavelength survey of a representative sampbtators. Residual emission within the Hel lines may hage al
of 58 Be stars was undertaken (Steele &t al. 1999; Clark &8léstemtroduced a bias towards lowesini for earlier subtypes.
2000; Steele & Clark 2001; Howells et al. 2001). The sample is Five epochs of observations were used in the follow-
“representative” in that it attempted to include objecteeath ing analysis (hereafter referred to as the INT, F1, F2, F3
spectral type and luminosity class and so doesn't servdlaxte and F4 datasets) and were obtained using both the IDS and
the spectral type or luminosity class distribution of Basta FRODOSpec | (Morales-Rueda et al. 2004) on the Liverpool
One of the conclusions drawn from this survey was that at tielescope. (Steele etlal. 2004).
time of observation, non-emission line stars in the samelfy The IDS observations used in this analysis were made on
definition, ones that must have shown emission in the past) ltae night of 1998 August 3 using the R1200Y grating with a
slit width of 1.15 arcsec, corresponding to a dispersior@b
* rmb@astro.livim.ac.uk A/pixel on the EEV12 CCD. A central wavelength of 6560
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Table 1. The sample targets with their corresponding stellar patara¢aken from S99. “sh” indicates that shell lines are ohesk
in the spectra. The measured equivalent widths of the saplees are shown for each epoch. Missing observations arkadar
with an ellipsis.

Object Name Spec. Type Lum. ClassV Band vsini EW
INT F1 F2 F3 F4

(kmys)
CD-28 14778 B2 Il 8.95 153 -329 ... -31.0
CDh-2711872 BO0.5 V-1l 8.69 224 .. -34.9 ... -37.5 ...
CD-27 16010 B8 v 4.20 187 0.0 -1.6 -1.0 -2.0 -11
CD-2512642 BO.7 Il 9.00 77 2.7 2.5 2.6
CD-2213183 B7 \% 7.90 174 -8.3 -14.2 ... -14.5
BD-2005381 B5 \% 7.80 202 -121 -13.3 ... -14.6
BD-1905036 B4 Il 7.92 121 4.5 4.6 . e e
BD -02 05328 B7 \% 6.22 151 -6.3 -5.2 -5.8 -6.3
BD-0103834 B2 v 8.14 168 -359 -50.1 ... -45.2
BD -00 03543 B7 \% 6.88 271 -1.8 -5.0 -6.4
BD +02 03815 B7.5 sh 6.92 224 -5.5 -6.2 e -7.4
BD +05 03704 B25 \% 6.13 221 0.3 4.0 3.8
BD +17 04087 B6 "-v 10.6 156 3.9 4.2 3.4
BD +19 00578 B8 \% 5.69 240 4.0 54 5.7 4.9 4.6
BD +20 04449 BO Il 8.3 81 2.4 4.0 3.4 3.2 3.0
BD +21 04695 BG6 n-v 5.78 146 -0.7 e -142  -153 ...
BD +23 01148 B2 1] 7.36 101 0.6 . 0.7 e 11
BD +25 04083 BO0.7 Il 8.94 79 2.5 2.5 3.3 2.5 2.4
BD +27 00797 BO0.5 \% 9.86 148 -18.2 ... -29.7 -22.7
BD +27 00850 B1.5 \Y 9.38 112 4.0 4.2 3.1 2.7
BD +29 03842 Bl I 10.11 91 1.6 2.4 1.7 1.7
BD +29 04453 B15 \% 8.10 317 -543 -61.7 -60.1 -58.8 -63.8
BD +30 03227 B4 \% 6.58 218 1.8 5.6 5.6 6.0 e
BD +31 04018 B15 \% 7.16 211 -186 -21.1 ... -19.6  -20.9
BD +36 03946 Bl \% 9.20 186 -23.2 -31.7 ... -35.7 -35.6
BD +37 00675 B7 \% 6.16 207 -12.7 -140 -122 -11.0 -11.2
BD +37 03856 BO0.5 \% 10.20 104 3.6 3.4 . 3.3 2.7
BD +40 01213 B25 \ 7.34 128 -12.2 ... -146 -179 -17.3
BD +42 01376 B2 \% 7.28 196 -7.8 -15.2 -159 -12.8 -139
BD +42 04538 B25 \% 8.02 282 -37.5 -37.8 -38.8 -416 -41.4
BD +43 01048 B6 [ll-sh 9.53 220 -6.0 -8.8 -10.3 -95
BD +4500933 B15 \% 8.06 148 3.9 3.5 3.7 3.7 .
BD +4503879 B1.5 \% 8.48 193 -31.1 -234 -20.6 -22.7 -25.0
BD +46 00275 B5 Il 4.25 113 1.0 0.9 0.8 15 2.4
BD +47 00183 B2.5 \% 4.50 173 -29.7 -36.1 ... -38.0 -37.2
BD +47 00857 B4 V-1V 4.23 212 -36.3 -38.7 -38.6 -43.0 -41.1
BD +47 00939 B2.5 \% 4.04 163 -22.4  -256 -245 -254 -26.1
BD +47 03985 B15 sh 5.42 284 -17.8 ... -23.2 -253 ...
BD +49 00614 B5 Il 7.57 90 -4.9 e -6.4 -7.5 -7.0
BD +50 00825 B7 \% 6.15 187 -1.5 -2.1 -1.7 -2.6 21
BD +50 03430 B8 \% 7.02 230 -6.2 -9.8 -9.7 -10.6  -10.9
BD +51 03091 B7 Il 6.19 106 2.2 1.0 0.7 11
BD +53 02599 B8 \% 8.08 191 -0.7 1.2 18 1.8 1.8
BD +55 00552 B4 \% 7.90 292 -1.3 -9.4 -10.4 -10.8 -10.6
BD +55 00605 B1 \% 9.34 126 -5.9 -7.5 -5.2 2.2 -0.7
BD +55 02411 B8.5 \% 5.89 159 2.9 2.1 2.7 2.9 2.7
BD +56 00473 Bl V-1l 9.08 238 -37.4 -18.2 -20.1 ... -17.3
BD +56 00478 B1.5 \% 8.51 157 -9.0 -125 -135 -16.8 ...
BD +56 00484 Bl \% 9.62 173 -47.8 -46.6 -47.2 -446 -36.7
BD +56 00493 B1 V-1V 9.62 270 2.0 -0.3 1.0 -2.4 -1.9
BD +56 00511 B1 Il 9.11 99 -5.1 -4.2 -5.4 -6.4 -6.1
BD +56 00573 B1.5 \% 9.66 250 -67.5 -385 -73.3 -77.1 -74.6
BD +57 00681 BO0.5 \% 8.66 147 0.2 14 1.6 0.6
BD +58 00554 B7 \% 9.16 229 -9.5 -7.9 -7.6 -8.9 .
BD +58 02320 B2 \% 9.51 243 -4.1 -3.9 -5.2 -5.9 -6.0
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Awas chosen, giving a wavelength range between 5800 — 71@8tainty, sets of repeated observations of B stars witiereint
A. brightnesses spanning the sample range 6/8.5 and 10) were
Reduction of INT data was performed using Figaro accorégken. These observations were taken sequentially on the sa
ing to the standard prescription for long-slit spectra. aten hight with both FRODOSpec's resolution configurationsngsi
lamp flats were used to map the slit response and sky flats @@sresponding exposure times similar to those used to wbser
pixel-to-pixel flat field variations. Target spectra weré¢ragted the sample.
using simple extraction and a sky region of the same size was The standard deviation of the measuredabsorption EWs
also extracted and subtracted from each target spectrum.W&s calculated for each set of target spectra. The V band.mags
wavelength calibrate the target frames, arc exposurestaiega and the measurement errors for each target are shown in[Iable
at the start, middle and end of the night using CuAr and CuNe These errors were associated to all measurements of EW,
lamps. After extracting their spectra, the calibrationsandeter- matching them to the nearest target brightness. In the absen
mined and copied onto the target spectra. of equivalent INT observations, IDS spectra were assighed t
All FRODOSpec observations were taken over a period bgame error figures as those used for FRODOSpec. In analysis
tween September 2009 and November 2010. Observations reguiring the photospheric contribution to be subtract@dtioe
the F1 dataset were made betweef098009 and 2892009, errors in measuring the EW and the error in assigning a photo-
F2 between 03.1/2009 and 26.2/2009, F3 between 187/2010 spheric EW were added in quadrature.
and 2908/2010 and F4 between 1@/2010 and 2A.1/2010.
The first two epochs of data, F1 and F2, were taken using )
the red difraction gratings. The last two, F3 and F4, were takelable 2.V band mags. and values of EW used as the continuum
using the higher resolution red VPH gratings. FRODOSpee prdormalisation error.
vides wavelength coverage from 3900-5700A (blue arm) and
5800-9400A (red arm) for the lower resolution configuration Object Name V EW(He) &
(R = 2600 and 2200 respectively) and 3900-5100A (blue arm)
and 5900-8000A (red arm) for the higher resolution{B500 :g 52%0 g'gg g'i’o
and 5300 respectively). FRODOSpec reduction was performed HD 100340  10.12 0.1
using the pipeline discussed.in Barnsley etlal. (2012).

3. Method

Emission in the Balmer series is commonly used to provide an Before EW measurements of thexHine could be used to
insight into the circumstellar environment surroundingsdBars assess if an object exhibited complete disk lmsmation, it was
(Grundstrom & Gies 2006) and results from recombination @équired that the photospheric contribution to the EW frow t
photospheric radiation within the disk. In this paper, otilg central starWyno, be subtractedfbthe measurement of the total
line strength of K is measured. klis observed in Be stars with EW of the line, W, i.e.

a variety of profile shapes (Banerjee et al. 2000), rangiomfr

single and double peaked emission to absorption, whereams idW;g = Wiot — Wihot (1)
tifiable emission component can be detected (i.e. the stastis
currently in an emission phase). whereWy« is the equivalent width of the emission line arising

from the disk only.

Wpnot Can be established by either using models of stellar
atmospheres (e.g. Kurucz 1979) or by measuring the EW for
Due to in-filling of photospheric absorption lines, visuzdpec- a set of B stars (with no history of emission) over a range of
tion alone is not reliable at being able to discern betweeara sspectral types and luminosity classes and assuming a liitear
that shows weak emission and a star showing no emissiont@EW and spectral type for each luminosity class. In order to
all, especially when the observations vary in resolutionvds retain model independency in the following analysis, ttteta
therefore necessary to use a more quantitative methodpleapanethod was prefered and a set of B stars, shown in Table 3, were
of quantifying the extent of disk emission in a more robushmaobserved.
ner. For this reason, the equivalent width (EW) of the lineswa A plot of the EW against spectral subtype for each luminos-
used to both assess phase change and quantify the vayiabilitity class is shown in Figl]1. The corresponding Pearson keerre
the emission. tion codficients for luminosity classes lll, IV and V are -0.97,

In order to measure the EWSs, the spectra were first nef.94 and -0.88 respectively, indicating that the data eason-
malised by fitting a polynomial to the shape of the underlyingbly well described by a linear fit.
continuum. The EW was then calculated over a suitable wave- As an aside, the measured EWs were compared with those
length range encompassing the line. The EW measurement watermined from using Kurucz models. The model was found
performed in IDL using theline_eqwidth routine from the to underestimate for earlier spectral types and overettifion
Itools packad® later, possibly due to theffects of line blending at the 20A res-

The dominant source of error in measuring the EW is thslution of the grid around the &line.
determination of the continuum level and subsequent nermal
isation (Jones et al. 2011), with any scaling error in determ
ing the level of the continuum leading directly to a multiigi 4. Results and Discussion
tive error in the EW. To obtain an empirical estimate of this u

3.1. Quantifying the extent of disk loss/formation

The measured equivalent widths of the sample likhes are
1 httpy/fuse.pha.jhu.edanalysiguse idl_tools.html shown for each epoch in Talile 1.
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Table 3. The observed standards with their corresponding stellar

parameters and measured Equivalent widths. AT |
Object Name Spec. Type Lum.Class EW 2r i 7
HD 886 B2 \Y 3.8 ot H%
HD 20365 B3 v 4.9 & Ot W T ]
HD 22951 BO.5 \% 4.2 = i AT
HD 23180 Bl I 3.5 &0 %%#‘ | ]
HD 23288 B7 v 6.1 o I |
HD 23338 B6 \% 5.7 © |
HD 23850 B8 [ 5.8 E Al | i
HD 29248 B2 I 3.4 & L 7 % !
HD 147394  B5 1Y 5.3 2 i I |
HD 160762 B3 v 4.1 & gl ) ! ]
HD 176437 B9 1] 6.9 2 . + !
HD 184930 B5 I} 4.9 i J !
HD 186882 B9.5 | 7.6 i ! |
HD 196867 B9 \% 7.6 !
HD 207330 B2.5 | 3.9 [ 7 !
HD 214923 B8 v 7.3 —ole e
HD 214993  BL5 If 4.0 -0 -8 6 -4 -2 0 2 4
HD 218376 BO.5 M 3.0 Exophotospheric INT EW(Halpha)
HD 219688 B5 \% 4.5
HD 222661  B9.5 \4 9.6 Fig. 2. Determined exophotospheric EWSs plotted for the INT-
F1 baseline. The scale has been selected to show all talngéts t
exhibited either disk loss or formation. Targets that hagerb
identified as losing their disk are illustrated with filledaies.
The stability line (y¥=x) and disk los§ormation (y=0, x=0) axes
12 are shown.
1E .
0r 7 Candidates for disk loss were selected by identificatiomo$e
oL i targets that lay fi the stability line (where no EW change could
N reliably be inferred), but whose EW and associated error lay
2 within the disk loss (y0) axis. Likewise, candidates for disk
S formation were selected using similar criteria, excepyanbse
H that lay within the disk formation &0) axis were selected. The
o resulting phase-changers are shown with filled symbolsdn Fi
2 [2. As phase-changing was seen to occur only over the timescal
i of 10 years, only this baseline is shown.
2 One of the aims of this analysis was to assess if there was any
. correlation between spectral type and frequency /@eBphase
change. Because of the low number of targets that were identi
fied undergoing this change, no attempt has been made to de-
termine if a dependency on this fundamental parametersexist
i n Indeed, complete phase change could only be confirmed at the
0 | | | | | | | | | 30 level for two targets in the sample, BEO5 03704 and BD
o 1 2 3 4 5 6 7 8 9 +30 03227, with the longest baseline of ten years (INT — F1).
B Spectral Subtype If these targets are believed to have truly changed state be-

tween B and Be phases, it is possible to estimate the approxi-
Fig. 1. Photospheric EW as a function of spectral subtype for lunate time over which complete phase change is expected to oc-
minosity class Il (circle), IV (triangle) and V (square)twilin-  cur. As little observational evidence is available regagdioth
ear best-fit lines overplotted (solid, dotted and dashedlémses the distribution of phase-changing timescales and theidrac
I, IV and V respectively). of Be stars which undergo complete phase change (most likely
due to observational bias from incomplete coverage of the ti
domain), the following assumptions have been made:

4.1. Complete disk loss/formation — The time between complete phase changes is randomly dis-
tributed (neither shorter nor longer times are preferradd,

To determine complete disk lgésrmation using the calculated — All Be stars are subject to these episodic events of complete

exophotospheric EWSs, values for consecutive pairs of epoch disk losgformation.

(with corresponding baselines of INT — F410 years), F1 —

F2 (~2 months), F2 — F349 months) and F3 — F4-@3 months)) With these in mind, a Monte Carlo simulation was set up

were plotted against each other; see Elg. 2 for an example pto predict the number of observed phase-changers over a ten
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year period for dierent timescales (whilst constraining the min-
imum time to 10 years - the only baseline over which phase L | |
change was observed in this sample). The simulation was run > &~ = = T 77 "1
iteratively using a 55 star dataset, recording how many wbre
served to change phase an odd number of times within a defined
ten year window (an even number would imply that no phase
change would be observed). In a sample of 55 objects, the max- | 1
imum time for phase-changing to yield 2 targets observed in a 1
A . 10 - I
ten year baseline was found to be most likely between 500 and !
1000 years. N \ -
However, this maximum time comes with a possible caveat.ié i i
Since Be phenomena are time variable, selection of candiz | | 1
date Be stars for the sample was based on heterogenous data | -
taken from a multitide of dierent sources and observers that | X ***** 1

T
o
o

©
~

Cumulative Fraction

has been compiled over decades to produce a single catalogue

(Jaschek & Egret 19382). If the original classification of the N
gets used in the sample is untrustworthy, the sample may be | N
contaminated by B stars that have never truly shown relieble i %

ophotospheric emission. This is certainly a real possjbitir
the fainter targets recorded in the catalogue, and to soteatex ORY ‘ ‘ ‘ ‘ ‘ !
may even be true for some of the brighter targets. 0 5 4 6
If fewer true Be targets were present in the sample, the ob- Spectral Subtype
served fraction of phase-changers to total targets inesg@s-
creasing the frequency of phase-changes over the timestate
veyed by this study andflectively decreasing the maximuma
time over which the targets are expected to change phas«.&-TotﬂS e
termine the lower limit for the maximum time, the sample wag,
filtered by-eye to remove targets that were always in abgorpt
As noted previously, due to in-filling of photospheric alpgam
lines this is not necessarily indicative that the star isin@imis-
sion, but serves as an upper limit to the number of stars tkat a
non-variable, and thus could have been misclassified. Té&e pr L o
vious Monte Carlo simulation was repeated using the smalfg@me definition of early and late types, similar figures avetb
dataset, and in this smaller sample of 44 objects, the maximil this sample, where 84% of the early Be stars in the sample
time for phase-changing to yield 2 targets observed in a¢an yWere variable with only 46% of the later type showing some
baseline was found to be most likely between 250 and 500 _yeé@rlanon at the & Ieyel over all baselme:;. Jones et al. (}4011)
Finally, we note that this value will drop further if all Besss are find the same trend in their sample, but find 45% of their early
not subject to these episodic events of complete/idisk forma- and 29% of late types to be variable. These smaller fractions

. 10.0

Fig. 3. Targets showing partial variability over any of the base-
lines. The hollow histogram represents the distributiotaajets
a function of spectral subtype. The hatched histogramsho
distribution of those targets displaying partial vaility. The
mulative fractions have been overplotted for those targis-
playing partial variability (solid line) and those not (tiasl line).

tion. could be the result of the statistic they use to quantifyalaiti
ity, which they state as being “sensitive to significant gesin
disk density”.

4.2. Partial disk variability There are several possible explanations for the observatio

of increased variability in earlier spectral types. It abbk the
case that a false-positive misclassification has introdadgias,
But such a bias would only alter the trend if later type non-
variable B stars were preferentially misclassified as beari
able. Filtering the sample by-eye to remove targets tha¢ \akr
ways in absorption (as i§4.1), it is found that the trend remains
Wdth 100% of the earlier type and 53% of the later type varying
Non-variability was found for 7 out of the remaining 45 stars
with all 7 stars of spectral type B5 or later.
4.2.1. As a function of spectral subtype Discounting this, the most obvious explanation would be
that later spectral types are genuinely less variable thdiee
An initial approach to the analysis of partial variabilig/to as- However, this may not necessarily be the complete picture, i
sess its presence over all of the possible baselines. Syadlgifif so much that the timescales over which later types vary may no
an object is seen to vary in at least one of the baselinesyitish have been adequately probed by the timescales in this study.
be classed as variable. A plot of the variability over anyetias To assess if there is any trend in the degree of variability
as a function of spectral subtype is shown in Elg. 3. across dierent timescales, pairs of epochs were grouped to-
Analysis regarding variability as a function of spectrabsu gether to construct sets of similar baseline timescalestte
type is presented hy Hubert & Floguet (1998) who found that purposes of the following analysis, the baselines have bepn
a homogenously obtained Hipparcos sample of 273 Be starsarated into< 1 year (F1-F2, F3-F4), about one year (F1-F3, F2-
98% of early Be stars (BO — B3e) showed some degree of vaf3, F1-F4, F2-F4) and ten years (INT-F1, INT-F2, INT-F3, iNT
ability, compared with only 45% of late Be stars (B7 — B9e)rovd-4). The previous analysis was then redone using the eable of t
the four years during which the survey was conducted. Usiag tsets; the result is shown in F[g. 4. The following figures aee p

In the following analysis, partial disk variability is cogrva-
tively defined as a & change in EW measurement, where th
previous constraints placed to force the targets to lie \giiver
the axis of disk loss or formation are removed. As the undtegly
photospheric contribution from the central star will noange
between epochs, the total EW is used in the analysis of par
disk variability.
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sented for both the full dataset and the previous emissidn-othe stars displaying partial variability may have &elient par-
filtered dataset (given in brackets after the full dataset). ent distribution, and thus dependency on spectral typa ttiase
which don't.

4.2.2. As a function of rotational velocity

A plot of the variability over any baseline as a functionvsini
is shown in Fig[b. From visual inspection of the plot, it waul
appear that stars with lower rotational velocity are lessabée

S —0.6

k5
S
5 °
s fom ; over the timescales probed by this study.
2 o0 ANRERY------ J047%
%\ — Ho0.2 €
0 1~ ‘ ‘\]‘ } ; OOQ
0 2 Specim‘ Subtype 6 8 15 TR } T } T } [
15 : : ‘ - 11.0
i o R
: 7
5 |
e N R -- - - - 1042 1
2 o N\ of I
T T {O.Q% *Ov6g
0 N N 1007 © A 1=
0 2 4 6 8 € r 2
Spectral Subtype = rJ §
; —q04 ¢
15 ‘ ‘ ;,, 1.0 _ 50 " 3
(---e Jo.82 f
10 ] | - i
N o o6 H0.2
R R Joaz \ 1
Z sp - g ]
’\ I q02 §
| (@]
ORSSS 1 ‘ N\ 1 10.0 O PSS RSN 0.0
0 2 4 6 8
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Spectral Subtype o
Fig. 5. Targets showing partial variability over any of the base-

Fig. 4. Targets showing partial variability ovedl yr (top),~1yr ines. The hollow histogram represents the distributiotaagets
(middle) and~10 yrs (bottom). The hollow histograms represens a function of/sini. The hatched histogram shows the distribu-
the distribution of targets as a function of spectral subtyfhe tion of those targets displaying partial variability. Thentula-
hatched histograms show the distribution of those targists dive fractions have been overplotted for those targetdalyimg
playing partial variability. The cumulative fractions feabeen partial variability (solid line) and those not (dashed Jine
overplotted for those targets displaying partial variapilsolid
line) and those not (dashed line).

The two sample K-S test was also used to determine if the
observed distribution of targets showing partial variapidlif-

For partial variability over timescales less than a year, rfered from the underlying parent distribution of those whic
later types could be confirmed at the $evel to be partially were non-variable as a function @$ini. The calculated rejec-
varying in either dataset, whilst 64% (79%) of the earliguety tion probability for the same distribution hypothesis wasrfd
were. For timescales of around 10 years, the number of laterbe>99% (81%), the implication being that the stars display-
types varying were found to be 46% in both datasets, with thy partial variability may have a fierent parent distribution,
number of earlier types also rising to 84% (100%). This woulahd thus dependency egini, than those which don't.
seem to imply some dependency of partial variability as @fun  For completeness, the trend of variability as a function of
tion of spectral type on baseline, but there is littléelience in vsini is also presented using the same epoch pairings discussed in
the distributions between timescales of one year and tiaiesc §4.2.1; the result is shown in Figl 6. Partial variability &ea to
of 10 years. It is worth noting that as the distribution of Bars occur for nearly 100% of those targets with the higheati over
peaks at around a spectral type of B2 (Martayan ¢t al.'20kD) aall baselines, with a trend of increasing variability fongmer
tails off sharply towards later spectral types, quantitative statisaselines seen for stars with lovwesini.
tics derived using these later objects are less certain. However, it is noted that analysis usingini may be mis-

A two sample Kolmogorov-Smirnov (K-S) test was also useléading. To compare stars using this quantity is to compars s
to determine if the observed distribution of targets shawiar- which may have dferent inclination angles (the angle between
tial variability differed from the underlying parent distributiorthe rotation axis and the line of sight), spectral types and |
of those which were non-variable as a function of spectqaéty minosity classes. A more useful parameter is the ratio of the
The calculated rejection probability for the same distiitiuhy- observed rotational velocity to the critical, or break-uploc-
pothesis was found to be 75% (99%), the implication being thity of the star (which in itself is a function of spectral typad
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Fig. 6. Targets showing partial variability overl yr (top),~1 yr

— The distributions of variable and non-variable stars wéh r
spect to both spectral type awmsini are found to be dierent
under a two sample K-S test.
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certaining any dependency on spectral typesini. Given

this, we predict that the typical timescale between which
these complete phase transitions occur is likely to be of the

order of centuries.

Using a measure of spectral type dependency akin to that

used by previous authors, we find evidence to suggest that
stars of an earlier subtype may be more variable. We also
find a rise in variability for later types (B7-9) when obseaive
over baselines greater than a year. However, the weight with
which this conclusion is made is limited by the small number

of stars observed at later subtypes.

Similar to the previous conclusion, we find that stars with

larger values o¥/sini may be more variable. Again we note a
rise in variability for stars with lower values when obseatve

over baselines greater than a year.
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