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IIYTHICAL UAIA, ULTRASHORT AND 53 PSC VARIABLES

tfoving down the main sequence from the P Cephei variables, we come

to later B-type stars. The suspicion of variability tor these stars

●goes back to Vogel in 1891 who studied the radial velocities of Vega.

Since that time there have been numerous studies of Vega [Wisniewski and

Johnson 1979, Fernie 1981) and other B and early A stars which hint at

variability in both radial velocity and light, Since Struve (1955)

discussed these stars 28 years ago, they have bern callrd thr flaia stars

after the Plciades star that he thought was the prototype. ‘rhr
uncertainly in their actual variahi]ily has l~d Brt!ger (1980) to call

tl~em the mythical Pfaia variables.

Thr complete list of these stars is given in Table 1, ordered in

drcreasin~ luminosity which probably would he thr drrreasing ordrr of

their periods ii Lhry all nre srrn in thr fiilmtt pulsalion mode. Thr

I’]riadt’s roLaLion v~’lociLies rant” from Anf.frrson, SLorrkly, and KraiL

(l~fl[)). I,uminositics curer from Lhr Crawford (1978) CO, II pholomrlry lor

LhP I’1[’iil(k$ and VCga. Ho1omvl r i t f.orrPt”Lions tI) tllr Crnwlord iil)solulr

Vislli)l mJRlli!ullc*s nrr [Jtlt ill fll”ll i rlml ttl(’ ~od[’ PL ill . (197fJ) ~il] lllrilli~)ll.

“~111’ Crclwlord CO VillllCs S :11”{’ t“[)llvrrti’d for lIIPHC. !our Stiirs I(I T(m usinl

LII(I SlrrkISII ;III(I .J~.rzykt’iwi[.z formlllil ~ivrn ill llIr f irst Irt’lurr. mm Y
(;t.m tf;ltil t“{lmt. IIirr[’t Iv f rtml (Io(f(’ (’t ill .
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The y UMi period comes from Struve (1955]. Joshi, Curti and Joshi think

it is a 6 Set star at 0.14 day.

Figure 1 displays perhaps the best case of radial velocitY

variations, that for Haiti, from data published by He\.roteau (1921). The

presumed orbi:al motion
&

is shown by the mean amplitude changing over a

eigh~.-month period. The scatter in this data, and the even lar8er

scatter in the daLa for the other t’laia stars, leads one to ~uspect that

these variations are not real.

Percy (1978) observed 20 stars some of which iire in our window of

spectral class B6 ta A3. Those of even later spectral type, and perhaps

even y LJ?li, fall into the region of the 6 Scuti variables which will be

discussed in a ldter lecture.

incluaing Ilaia and Taygeta,

greater than 0.01 ❑agnitude.

His 12 possible haia variable candidates,

showed no variations in light generally

However, if one looks at the details of

Fig. 3. --A phase plot of the published radial velaciti~e by
HcnroLeau obtnined on two scpnrnte rights. Filled circles rePre-
eent ob~crvntion~ obtminrd on the night of 16 Drrember 1919 and
oprn circles the night of 16 AIIp.:JKL 1920. Note thr ncrong Ihift
In aiyELPIiIlc velocity due tu hinnry mntion. Thr two rejected
vrloritfc~ at phn~cs 0.4 and 0.5 nrr PUREIIIIY the re~ult 01 blend-
inR of wpnracc Bhock waw Cmpl)lmiit linen, one very pm~tive and
mc vrry nt.~nlive. A ml!,lilar o(cul-renrr hns burn oh~rrved by the
nuillorfi at at)nu( LIIJN plln~c f(~l TnYK1’tfi.
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Haia-Tsygeta comparison, a light amplitude of one or the other might

●s large ●s 0.00S magnitude. The reality of the Pkia variations

lably will depend on reliable data at ●n ●ccuracy of 0.001 magnitude.

Struve, Sahade, Lynds, and Huang (1957) UISO questioned the

~ri~lility of the radisl velocity of ?laia. Their conclusion was that
b

there +.s non-periodic variability in the helium line intensities, but

none in the radial velocity nr light of this star, this latter constant

at the level of 0,01 magnitude.

Just as for the ~ Cephei variable~ , we can plot these l’laia stars on

a theoretical H-R diagram. In Figure 2 we show the th~cretical

●volution tracks for 2.25, 3 ●nd 5 solar masses for a composition

Lhought to be appropriate for these stars, that is, X=O.71 and Y=O.27.

These tracks have been given by Itwn (1967) in his review article. At

one point along ●arh track, the radial fundamental period is indicated

along its line of constant period. For the fivr tlaia stars with good

luminosities and rftective tempsralures, Lheir positions are given.

Unlike thr P C~phei variables, thesr stars secm LO be in t!wir shell
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hydrogen burning stages after core hydrogen exhaustion. For these

evolved stars, there is an isothermal core interior Lo a p-gradient

region out to 0.2 of the mass as for Lhe more massive stars considered

before, but here the core and p-gradient zone i smaller in mass and

radius. Could it be that the phenomenon for the 1,.,ia stars is almost

the same as for the P Cephei variables, but the occasional jolt due to

occasio,lal semiconvection is not so effective in making the radial and

nonradial modes appear, at least at observable amplitudes?

At Los Alamos wc decided about two years ago that we wouid like to

try ourselves to detect the Maia pulsations. J. E. Brolley used the

Kitt Peak 16-inch telescope for five photometric ni:hts over a two-week

period to obtain relative brighLnesses of the six brightest stars in the

Pleiades. ReLween 35 and 3R points were obtained for each star, The

basic daLa to be searchrd for periodicity were Lhr observations of each

si;~r compared to the inLerpo]atrd brightness of thr n,ean of the other

five sLars al the timr of Lho observation.

~rforc wc presrnL Lhr resulLs 01 the search for variablitiy, WP

will review Lhrcr mrlho(ls that W(Shavr used nt Los A!amos to study Lhrsc

data. W(* first Sti]rlf(l using ttle methotl 01” I.ailer and Kinman (1965).

W(’ drf’inr a Vilriahlr C) and scan ov(’r U prriod ran}:e scrkin~ minima.

Thrta is d(fin(’[1 I)y I,;ll”l (’r ;IIitl Killmnll ;1s

+ (m. - nli+1)2
() z 1

2 (m - fi)2 ‘
I

is ]IIS1 thr mriill K(luilrc. (it’Viilli{)ll of lht~ p.)inLs f

i. Tllf” l)lllW’riltl)r is Ltlf’ Ill(’ill) S(llliIrI~ (Icv; iil inn



the phase of each data point from that poinL gives a set of residual

points. These new points, one for each point of the original data, can

then be searched for additional periods if multimode behavior is

suspected from the data phased wjth the firsL period.

b While the method is good and has been used widely, the weakness is

in the subtraction of, or prewhitening by, the princip~l variation. A

search fnr periodicity in the residuals depends directly on the accura!y

of the prewhitening.

A second msLhod we have used is due to Stt?llingwerf (1978) who also

defines a staLlstic t) which reaches a minimum when ploLted v~rsus period

if the data sho~ any periodicity.

A discreLe SI?L of obscrv;itions can be r(’prcscntcd by two vrcLors,

Lhe magnitudes x and

is givt”n hy (xi, Li)

h(~ thr vilrianrr of X,

Lhe ohsrrvalion Limrs t, where Lhr ith Observation

iin(l Lhrrc arc N points in i)ll (i = 1, N), Lrt Oz

[,iven by

(2)

Wlltll”(’ x is LIIr mral); x = 1 xi/N. Ior JIIIy sIII)s(’L of s w(~ d(’fillt’ Ltlr

2
i

Sillql 1tl Vilriilll(’(’ S rxarlly :IS ill I;llll:lli[jll (2), sllppos(” W(’ havt~ ChoS(911 M

(Iisl illtl s;lnlpl(”:i , llavill~ v:lriilll[’rs s?,1 (.J “: 1, M) illlll co’llaillill~ 11, (jillil
J
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mean light curve defined by the means of the xi in each sample,

considered as a function of 0. We define the statistic

e= s2/02 , (4)

2
‘where s is given by Equation (3) and a2 is given by Equation (2). If n

is not a true period, then S2 E a2 and El = 1, whereas if 11 is a correct

period, 0 will. reach a lucal minimum compared with neighboring periods,

hopefully near zero.

For each bin, in a small range of phase of a trial period, the

scatLrr of the points is minimized. The minimization of this dispersion

for all tlie chosen bins is the basis of the statistic which is mini-

mized, At any and all phases, the dispersion is minimized leading to

the name of the method phase dispersion minil~lization or PDtl. For this

method as WC1l as the Lafler-Kinman method, no assumption is made for

the form oi thr variation with Lime. The final light curve at the best

period is mcrrly thl: mean of the daLa points in each bin.

Thr choirr of the bins is important. In ordsr to smooth the data

somrwhat and Rain morr pilasr rt=solution, thr basic bins can be split.

inLc pairs or trilllrts or ally number n. Allowing for the periodic bound-

ary condi lion ;11 Illr end of thr (y C.It’, Lhc* actual number of bins used in

thr raltul~ilinn is ill(.rr;lscd by tllal fartor by having thesr ncw bins 01

111(’ Sillllt. sjzc ilS Lht’ biisic bins covrr Lh?

i!ny pllasr(l point appears in n bins.

111 ollr I)f’ric)(l S(’iirCh(’S ill k)s Al;lmos,

on ir Ic;ist -s(luarrs rnrthnd dist. usscd by Fnu

som(’ ;l(l V;lrl Lil~(~S ovrr Lhc nutor(~rrrlat ion

smill 1 nnd nitturiilly Si[llls(liflill A!i it i!i

basic bins in n sLrps. Thus

W(’ havr tcndrd 10 Concentrattl

knrr (1971). This mcLhod has

mrlhods if” llle amplitude is

for 111P llpp~r main ~rqllrncr

Vnrinhl(’s lNst,ritd o: lookin~ for m!lximil iu thr powrr spr(-trurn ilfi

Wrhlnu arl~l l,ruIIR (lr)t)4) lIavc dnllr, wr look ~“or minimn in lhr vnrinncr of

Icnsl-squarrs fits of silllls(lid;il fullrtiorls. A scnrl ngnin irl prriod or

Irr(lllvrl[.y is m;I(lc f i[l irl~ llmrill~~sity [4(1) dnlir by Illc [ormu]n

1,(1 )
..1,>

:-lt:(;l ,sill 2nill I Ili[”I)ri 2nil”l), (5)
1

i=l

wllrrv IIIISI(I m.fI m llnrrn~~nit.% [Illd I Ilr I !;llllimllt lit ,]llil~llitif-h art- Lllr

mr’ilrl llullill~l:;lly, illl(l Lllf’ {l .Illll II v;llll{’1~ ft)l” (“il( ’11 01 Illt$:+r llnrm~)rlils.



From these linear least-squares tits, residuals can be calculated and a

variance obtained. A plot of the standard deviation, the square root of

the variance, versur period or frequency will show minima (and aliases!)

at the frequencita which occur in the time series data.

b First ordex Fourier series fits, that is, with no higher harmonicsh

included, have been used by Barning (1963) and by Shobbrook, Lomb, and

Herbison-Evans (1972). For distorted light curves, we can detect some

of

of

of

of

this distortion by including any number of harmonics that the number

data points reasonably allows. For a large distortion, however, use

the sinusoidal functions is not efficient because of the large number

harmonics that may be required.

Figure 3 shows the ?lots of the standard deviation for a range of

trial periods. These Fouriergrams for the six Pleiades stars (Brolley

et al. 1981) show no strong minima, Lhough Maia and Alcyone do seem to

have some indication of periods at very low amplitudes. Notice the

strong one cycle per day aliases which appear because cycle counts of

one, two or a few mere or less from one night to the next fit the data

almost as well.
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The amplitude of a sinusoidal stellar variation is related to the

decrease in the variance, AU2, at its corresponding frequency, by

●It appears that

because t ,at is

Let us now

A2= 2A(u2) . (6)

these stars do not vary by more than 0.005 ❑agnitude

indicated by the deepest increment in the variance.

turn to the ulti-ashort varia ,les discovered by Jakate

(1979) . These variables are listed in Table 2, where we list

TABLE 2
ULTRA SHORT PER~OD VARiABLES

Spectral Light
Star Name Type Period vsini Amplitude logl

HR 3467 B31V .028 35 .015 3
HR 3582 B21V-V .021 0 .015 3
HR 5285 B2V .035 25 .015-.020 3

L/Le) logT
e

08 4,229
34 [,.279

33 4.307
HR 8768 B2V .025 20 .025 var 3.29 4.260

the same data as for Table 1 plus the rotation velocity and light

amplitude observed in the B filter.

Figure 2 also includes these four ultrashort variables at their

high luminosities. As they are plotted, they are a bit off the

theoretical zero age main sequence even though the luminosity class

indicates that they are on the main sequence. This discrepancy may be

due to a small difference in the composition between the Z valtie of 0.02

used by Iben (1967) for the evolution calculations and the actual Z

which could easily be 0.03. Apparently these 6-7 solar mass stars are

in the core hydrogen burning stage just as the Maia stars, but these LWO

classes of stars seem to be earlier in their evolution than the ~ Cephei

variables. We speculate that the turbulently convective core gi~-es

occasional overshooting t.o give the same kind of jolts that we see in

all the stars that we have discussed so far. At lower luminosity, the

decay rates arr more rapid, and detection of the pulsations may b:

prt!dicLcd to he more difficult if the jolts needed to temporarily excite

Lhe pulsations are rare.

Sareyan, LeContcl. Ducatel, and Valtier (1979) have discussed the

variability of the ~tar 53 Psc. So far it has the shortest period of

nny sLar srriollsly proposed t-o be a f3 Cephri variable. This period is

0.08 day for this I’12.51V star, and the light and radial velocity
,



variations are, respectively, 0.01 magnitude and 10 km/s. Like the other

P Cephei variables, these amplitudes are variable. The cause of the

short period, abaut half that of a typical f! Cephei variable, is cer-

tainly not known. At the luminosity appropri~te for this ~ar it would

seem that: the pulsation mode would have to be the first “ adial overtone
b

or a higher one, or one of the nonradial p modes.

Once again we at Los Alamos have decided to try our hand at photo-

metric observations, this time for the stars in the double galactic

cluster h and x Persei. Six stars have been observed in grezt detail in

November, 1982 and in January 1983. Star 1586 on the Oosterfoff maps,

HO 14250, seems to have a period of 0.38 day with an amplitude of 0.014

t 0.007 msg. This period is very uncertain, and maybe these Btars do not

pulsate at all as Percy (1972) concluded. Johnson and Morgan (1;55)

give a spectral class for this star of BIIII.

In their study of NGC 3293, Balona and Engelbrecht (1981) fcund

that there was a range of about one magnitude over which the ~ Cephei

variables occurred in that cluster. If that is an indication for our

cluster h Per, the star 1586, if variable, would be near the top of th’,

range because of its spectral and luminosity class. AL 9.0 magnitude

fcr 1586, we then could expect variables to occur between roughly 8.5

and 10,0 magnitude. Stars 1057, HM14134 and 662, HD14052, at magnitudes

6,6 and 8.2 and spectral classes B31a and BIIb are definiL(!ly constant,

consistent with the fact thaL no B supergiants are known to be in the ~

Cephei variable class. Star 1899, ~14357, at 8.5 m;lg is constant to

within 0,012 mag as are 1078, + 56 524 at 9.8 and 978, + 56 518 aL 10,6

msg.

The stars discussed in this lecture are not too well defined in

Lheir charactel-istics, bllL they are lower in luminosity and have shortrr

periods. ] expect thaL they involve the same pulsation mechanism, hut

dut. Lo their lower luminosity and mass, the exc-itation jolLs are noL

able to so easily pulsate the cntirr star, and when they orcasiona]ly

do, I.he pulsations dir out so rapidly, like a fcw y(~;lrs, that is in

about 1114 fundnmer]lal mode cyc]rs, or even frwer for ovvrtones, that

Lhry ;Ire diliicll]L 10 (Iiscovrr, Cnn these st;lrs rct:lin tl”~!ir pli”l~iit.i~[i

~lliis~ bt>tw~.’n episo(lcs of” ex(-il;+t ion ond ohscrvat)le amplitll(lr?



After a lesson in linear pulsation Lheory in the next lect~re, we

return to even lower luminosity variables, the 6 Scuti variables, which

are much better known and have well understood pulsation properties,

b
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