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Stellar Activity and the Rotation of Hyades Stars

Richard R F adiek

Air Force CGcophrvvcs Laboratory Sacranenio Iyak (Ibser'at',ri%

(\ viting Scientist, Ifgh Altitude ObserN atorY Natironal Cvii!er for Ar moplivji, l/cscai cl)

Sallie L Ballunos

llarN aid-Siiithsonian Center for Astrphli-

Vie hase c oltained determinations of ror .,tiorr periods for several mairi-sequcoce nienhirers of the Ilsadle,

ciusrer through re-analysis of .M.ount Wilson Ob~servatory Call H-.K emision flux ireasurreirs A discu,ioi of

, ur ar.sl.%siS procedure using S-argle's (1ft82) modified periodogram algoriti~ni is provided by Radick ce of (17

Vie su-imnirz our results in Tabl- I The entries in column 5 are rotation periods (P . ) predicted front B-%'-.

,olor indice! anid mr-a:, S-indvv %alue- according to the prescription of Noyes et al (19941 The tricasured

perds (Pb. ). along with thc-n fonrial urncertainties. are lirted in cohunn 6 Three criteria for judging the

reliablitly of each measirernent appear ini columns 7-9 (1) the aniplitude sigrral-to-rur-e ratio !S N) of thre --

rotational mnodulation, _ithe falke alartm probability (P, ) for the signal peak iii thre priodograin. arid (3) an :
veral quality ratrng (A. B, or C). asigned according to the qualitative appearance aiid characteristics of the

periodogratoi

TABLEI

Net 5 Derived Rotation Periods For Hyades Stars
From CaLl H-li Observationis

Star Sp B-V Siidex P, P_. S N P. Qualli Spawnr
VB36 F6V 0441 0210 261 271 ± 001 1234 002.9 C 101 .82
N B81 6OV 0470 0230 3 17 220 ±001 1 32 00D47 C 1992 83
VB57 F7V 0491 0242 36S 268±001 08 0033 C 1982,83
V877 F7V 03f5. 0261 346 243 0 01 123 0018 A 1982 83
VB3I GOV 0566 0291 5313 543±00V0 107 < 0001 B 1983 81
VB-SP G6V 0880 0384 6 56 608 ±004 1205 0086 B 1962 83

Note Data for VB31 previoily reported by Radick et *1 (2987)

Thre existence among Hyades stars of systematic. color-dependent discrepancies between measured and

predicted rotation periods has already beeti noted by Radick af at (1987) These discrepancies. which arige

19'c and occasionally approach 40"e. are shown in Fig la -( ZS
Another representation is showin in Fig lb, where normalized 11-1K emnission (RH~t ) Is plotted ag.,rr-t

Ros-sb% numiber -- the rotation period scaled by the convective turnover time scale The solid curve is the riresir

relationt derived from data for 41 field stars by Noyes ef a/ (2984) There is a %trilking s-gregatioti of earl.% (;-

type lb ades sars above this curse, arid late G- and early 1<-type llb ades star, beloiw it TI. hlar i i is

better represented by the dashed litre, which flattens more strongly (i e , satmrated ) tosard Irighrir artis iis

Indeed. a saturated relation im also qualitatively comipatible with the original field star da

The discrepancies can also be relieved by a moudification to the shape ot thre scaling funiction r,) as

shown in Fig Ic The solid curve is the meant irlation obitained by Noyes ef al (0981) The dashed litre. which
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Figure 1.
(a; Fractional residuals (observed minus pre'dicted period, scaled by observed period) for -22 Hyvades stars
(b,) Normalized Call H-K emision ass a f nction or Rossby number The solid curve is. the relation derived by
Noyes e( at (19841 The dashed line tbette, represent the Hyades data.
(c) The scaling function rl-V), as derived by Noyes et at. (1984) (solid line), and as fitted to the Hyades
date (dashed ine)

rises note steeply, is a polynomial fitted to the Hyades data points We note that recent theoretical calrulations
or the convective turnover time (Gilliland 1985. Ruciski and VandenBerg 19A} also predict this steeper rise

I ~ Perhaps, however, a broader re-evaluation of the form of the relationship between chromospheri c activity,

rotation, and color is warranted There are now some 95 main-sequenre stars. ranging in spectral type from F3

to M4. for which direct measurements or both Call emission flux and rotation period are available On the basis

of this much larger sample, we find that Noyes' (1983) suggestion that artivity is a separable rut ,-tin of rotation

and color remains valid, ve , that

too (R'Hx ) r (P} g (B - V

Note since, for main-sequence stars, normahl~ed H-K emission (log (RK )), H-K surface flux density (log (F,,K))

and H-K luminosity (log (L/ t¢ )) are a)) lhnked by additive functions of color, the !xistence and form of f (P ) are

independent of the choice of unit rot meas uring activity.' In particular, we find that

f (P -0 80"log 0P 0 0

"['he quantity log(R~- (P ) 1 plotted in Fiq 2a. The rolloff toward the M-type stars (1-V > 1 2) may

reflect a deficiency in chromospheric emission for these starsl ab reported by Schrijver and Rutten (1987) The

osolid curve,

9 (B -V) = -10 169 - 15 458(B -V) - 1 M4(B-_V)2 - g ()09(B - '- 0 83 (B-).

is a polynomial representation of the !a ta
The quantity Io s (RHtX) - 9 (B- V) s plotted Fig 2b The Hyades tars do not appear to retcat u noticeably

from the overall relations shown in Figs 2a and 2b. In Figs 3a-d, - sep;rate the tat peif Fig 2b into four

groups, corresponding roughly to FT, G-, K-, and M-type stars
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Figure 2

(a) The color-dependent tunci ion (B - V), as determined from field (circles) and Hyades (squares) star data

(b) The rotation-dependent furictio; f (P 
&s determined from field (circles) and Hyades (squares) star dat-
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Figu- 3
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(c) f (P) for 0 80 e- B-V < 1 20 (1<-type stars), (d) f1(P) for 1 20 < B-V < 1 60 (Ni-type stars)
Field stars Are repre.,ented by circles, llyad-s 5tars; by squares
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