
A F A R - U L T R A V I O L E T F L U X D I F F E R E N C E B E T W E E N 

H Y A D E S A N D P L E I A D E S S T A R S 

R . E . S C H I L D 

Smithsonian Astrophysical Observatory, Cambridge, Mass. 02138, U.S.A. 

Abst rac t . F o u r ul t raviolet fluxes measu red in U2 (centered a t Xett 2300 A) by the Celescope experi
m e n t a b o a r d O A O 2, reveal a n i m p o r t a n t flux difference between Pleiades a n d H y a d e s s ta rs . Avai l 
ab le b lanke ted stellar mode l s s h o w tha t the difference is t oo large t o be u n d e r s t o o d as a b locking 
effect for admissible me ta l o v e r a b u n d a n c e in H y a d e s s ta rs . K n o w n r o t a t i o n a n d presence of A p a n d 
A m s ta rs in the H y a d e s a n d Ple iades appa ren t ly canno t accoun t for the d iscrepancy. 

O n e of the i m p o r t a n t a s s u m p t i o n s of t he cluster-f i t t ing m e t h o d is t h a t t w o m a i n -

sequence s ta rs of t he s a m e spec t ra l t ype o r in t r ins ic c o l o u r h a v e t h e s a m e abso lu t e 

m a g n i t u d e . I wish t o s h o w t h a t P le iades a n d H y a d e s s ta rs of t he s a m e spec t ra l t ype o r 

b—y c o l o u r differ by a fac to r of 2 in the i r 2000 A u l t rav io le t fluxes, a n d so p r e s u m a b l y 

differ a lso in the i r a b s o l u t e visual m a g n i t u d e s . 

T h e d a t a for th is p a p e r were a c q u i r e d as p a r t of t h e Ce le scope s k y - m a p p i n g 

e x p e r i m e n t a b o a r d t h e successful O A O 2 satell i te. T h e Ce lescope p a c k a g e incor

p o r a t e d four u l t ravio le t -sens i t ive te levis ion scanner s , o r U v i c o n s , wh ich , in con junc 

t i o n wi th four filter sets , p r o v i d e d stel lar fluxes a t four w a v e l e n g t h b a n d s be tween 

1200 a n d 3000 A. I s h o u l d l ike t o p r e sen t resul ts o b t a i n e d wi th t h e U2 filter, which , 

b e c a u s e of its h igh p e a k t r a n s m i s s i o n a n d b r o a d b a n d p a s s , y ie lded t h e g rea tes t a m o u n t 

of d a t a . T h e U2 filter h a s a b a n d p a s s of 1000 A c en te red a t a p p r o x i m a t e l y 2300 A. 
R e d u c t i o n of the Ce lescope p i c tu re s h a s been c o m p l e t e d u n d e r t h e d i rec t ion of D r 

R . J. D a v i s , D r W . A. D e u t s c h m a n a n d M r s K. H a r a m u n d a n i s a n d will be discussed 

in t h e final p r in t ed ca ta log . T h e r m s dev ia t ion of a single o b s e r v a t i o n h a s been assessed, 

f r o m repea ted o b s e r v a t i o n s o f v a r i o u s s ta rs , to be o r r m s = 0.15 m a g . 

S t r d m g r e n fou r - co lou r a n d H/? p h o t o m e t r y f rom C r a w f o r d a n d P e r r y (1966) a n d 

f r o m o t h e r u n p u b l i s h e d d a t a by C r a w f o r d was used t o ana lyze t he u l t r av io le t p h o t o m 

e t ry . T h e H y a d e s were a s s u m e d t o be u n r e d d e n e d , a n d t h e P le iades were d e r e d d e n e d 

b y us ing the ca l ib ra t i ons a n d p r o c e d u r e s ou t l i ned by C r a w f o r d a n d P e r r y (1966), 

w i t h a va lue of 4.75 used for t h e r a t i o of E(U2-V)/E(B— V) ( H a r a m u n d a n i s a n d 

P a y n e - G a p o s c h k i n , 1972). Because r e d d e n i n g of t h e P le iades s ta r s is a l m o s t ze ro , 

essent ia l ly n o n e of t h e c o n c l u s i o n s of th i s p a p e r is l ikely t o b e a n ar t i fac t o f t h e red

d e n i n g cor rec t ions . 

F i g u r e 1 shows t h e c o m p a r i s o n of U2 — V fluxes of t he H y a d e s s t a r s a n d all P le iades 

m e m b e r s h a v i n g (b—y)o^0A. I n th i s g r a p h we see a c lear s e p a r a t i o n be tween the 

t w o clusters . 

Several p o i n t s m u s t b e m a d e c o n c e r n i n g t h e val id i ty of t h e difference be tween 

P le iades a n d H y a d e s s t a r s , as seen in F i g u r e 1. Because t h e P le iades a n d H y a d e s a re 

c lose in t he sky a n d b e c a u s e t he P le iades m e a s u r e m e n t s were m a d e be tween several 

sets of H y a d e s m e a s u r e m e n t s , it is very unl ikely t h a t smal l o r i e n t a t i o n o r t ime-
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F i g . 1. Two-co lour d i a g r a m showing U2 — V a s a funct ion of (b — y)o, wi th r edden ing of Pleiades 
s ta r s correc ted for by use of a p — (b — y) d i ag ram. D a t a for ho t t e r P le iades s ta r s a r e n o t shown, 
because t he de redden ing p r o c e d u r e can n o longer be appl ied . D a t a for P le iades s tars r edder t h a n 

b—y = 0.1 m a y be affected by comple teness , since obse rva t ions were con t inued 
t o a m a g n i t u d e l imit in U2. 

va r i ab l e ca l ib ra t ion effects c a u s e d t h e obse rved difference. T h e P le i ades d a t a m a y be 
affected b y comple t eness , especial ly for b-y^0A5; h o w e v e r , t h e m e a n Ple iades 
r e l a t i o n in F i g u r e 1 c a n b e seen t o b e a s m o o t h c o n t i n u a t i o n o f t h e U2 - V r e l a t ion 
for h o t t e r P le iades s ta rs a n d for h o t t e r s ta rs in t h e 0 C a r c lus ter . 

S o m e differences b e t w e e n t h e P le i ades a n d t h e H y a d e s s ta r s h a v e p rev ious ly been 
n o t e d in t h e l i t e ra tu re . Chaffee et al. (1971) p o i n t e d o u t t h a t H y a d e s s ta r s h a v e 5 0 % 
h i g h e r m e t a l a b u n d a n c e s t h a n d o P le i ades s ta rs a n d t h e S u n . T h e H y a d e s a r e k n o w n 
t o h a v e m a n y meta l l ic - l ine s t a r s , a n d S t ruve (1945) h a s s h o w n t h e P le i ades t o h a v e 
significantly h ighe r m e a n p ro j ec t ed r o t a t i o n a l veloci t ies . 

Before cons ide r ing t h e effects of a b u n d a n c e a n d r o t a t i o n o n t h e u l t r av io le t fluxes, 
w e m i g h t a sk h o w field s t a r s c o m p a r e t o t h e m e a n P le iades a n d H y a d e s r e l a t ions . I n 
F i g u r e 2, w e h a v e p l o t t e d U2— V a g a i n s t spec t ra l t ype , s ince f o u r - c o l o u r p h o t o m e t r y 
is n o t ava i lab le for a s ignif icant n u m b e r of field s ta rs h a v i n g Ce le scope p h o t o m e t r y . 
W e see f rom t h e figure t h a t t h e A s t a r s in t he field h a v e fa r -u l t rav io le t fluxes s imi lar 
t o t h e H y a d e s s ta rs , w h e r e a s t h e F s ta r s a re , if a n y t h i n g , fa in te r in t h e u l t rav io le t . 

N o w we c a n cons ide r t h e effects of a b u n d a n c e s o n t h e fa r -u l t rav io le t a n d visible 
fluxes. I have rev iewed t h e m o d e l s of Chaffee et al. (1971) t o d e t e r m i n e t h e effects 
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of m e t a l o v e r a b u n d a n c e o n t h e U2 a n d V fluxes. I n F i g u r e 3 , t h e fa r -u l t rav io le t 
fluxes for 2 5 % a n d 5 0 % m e t a l o v e r a b u n d a n c e s a r e p l o t t e d ; t h e 5 0 % o v e r a b u n d a n c e is 
t h e va lue a d o p t e d b y Chaffee et al F o r a 5 0 % o v e r a b u n d a n c e , t he se m o d e l s p red i c t 
t h a t t he u l t rav io le t fluxes in U2 will be depressed b y 0T21 whi le t h e V m a g n i t u d e will 
b e inc reased b y 0T025. If w e e x t r a p o l a t e these resul t s , w e w o u l d n e e d a fac tor of 
2.5 o v e r a b u n d a n c e of m e t a l s in H y a d e s a n d field s ta rs re la t ive t o t h e s u n a n d Ple iades 
s t a r s in o r d e r t o a c c o u n t for t h e H y a d e s ( a n d field s ta r ! ) u l t r av io le t deficiencies. Such 
l a rge m e t a l o v e r a b u n d a n c e s seem p r e c l u d e d b y d i rec t a b u n d a n c e d e t e r m i n a t i o n s . W e 
n o t e t h a t even s u c h a la rge a m o u n t of u l t rav io le t l ine b l o c k i n g , i n t e rp re t ed as a n 
o v e r a b u n d a n c e effect, a p p e a r s t o c a u s e n o m o r e t h a n a n 0T1 inc rease in t h e V m a g 
n i t u d e a t c o n s t a n t Tcff. T h i s is b e c a u s e t h e V m a g n i t u d e is a l so s t r o n g l y affected b y 
b lock ing , a n d m u c h of t h e r a d i a t i o n escapes in t h e inf rared . 

6.0 h 

l — i — i — i — i — i — i i i i — i — i — * i i i I 
A2 3 4 5 6 7 8 FO I 2 3 5 6 8 GO 

Fig . 2. A c o m p a r i s o n of t he Uz — V fluxes of field s tars , a s a funct ion of spec t ra l type , wi th the m e a n 
Ple iades a n d H y a d e s re la t ions . N o t on ly a r e the field s ta r s fainter a t C/2, b u t t h e scat ter is m u c h 

grea te r t h a n for s tars in coeval g r o u p s . 

W e c o n c l u d e t h a t if t h e H y a d e s u l t rav io le t deficiency is a n effect o f l ine b l o c k i n g 
d u e t o me ta l o v e r a b u n d a n c e , t h e v isual m a g n i t u d e s a r e n o t l ikely t o b e affected b y 
m o r e t h a n 0™1; h o w e v e r , a m e t a l o v e r a b u n d a n c e sufficient t o dep re s s t h e u l t rav io le t 
a s obse rved s h o u l d h a v e b e e n easi ly de tec t ed in d i rec t a b u n d a n c e d e t e r m i n a t i o n s 
f r o m c o u d e spec t ra . 

W e next cons ide r t h e poss ib i l i ty t h a t differences in r o t a t i o n cause t h e obse rved 
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l /XC/T 1 ) 

Fig . 3. Ultraviolet-flux suppress ion as a result of me ta l o v e r a b u n d a n c e in a Tett = 7500 K m a i n -
sequence star . T h e two curves show the suppress ion c o m p u t e d for 25 % (z = 1.25) a n d 50 % (z = 1.50) 
me ta l ove rabundances relat ive t o the S u n . N o t e tha t the curves change sign in the visible a n d near 

infrared, showing tha t the flux escapes the s tar in these spectral reg ions . 

differences in u l t ravio le t flux. H a r d o r p a n d S t r i t tma t t e r (1968) have c o m p u t e d energy 
d i s t r i bu t i ons of n o n r o t a t i n g a n d cri t ical ly r o t a t i n g s ta rs . W e n o t e the i r resul t for a 
^ef f = 8600 K s t a r : C o m p a r e d t o a n o n r o t a t i n g s tar , a p o l e - o n s ta r r o t a t i n g a t 9 9 % 
of b r e a k u p veloci ty is o n l y 0T06 b lue r in U2 — V. Of c o u r s e , b o t h t h e po le -on s ta r 
a n d t h e r ap id r o t a t o r h a v e s h a r p spec t ra l l ines. Re la t ive t o t h e sha rp - l ined s ta rs , 
t h e cri t ical ly r o t a t i n g s ta r s seen e q u a t o r - o n a r e 0™6 fainter in U2 - V. T h u s , w h e r e a s 
r o t a t i o n c a n p r o d u c e l a rge c h a n g e s in t he u l t rav io le t fluxes, t h e sense is w r o n g t o 
a c c o u n t for t h e fact t h a t t h e a p p a r e n t l y m o r e r ap id ly r o t a t i n g P le i ades s ta rs a r e 
b r i g h t e r in t h e u l t rav io le t t h a n a r e t h e H y a d e s a n d field s ta r s . 

I t is well k n o w n t h a t t h e r e a r e a relat ively g rea te r n u m b e r of A m a n d A p s ta rs in 
t h e H y a d e s t h a n in t h e P le iades . S ince t h e A m s tars a r e b ina r i e s , c o u l d t h e p resence 
of b i n a r y c o m p o n e n t s c a u s e t h e P l e i a d e s - H y a d e s difference? F o r e x a m p l e , if s e c o n d a r y 
c o m p o n e n t s c o n t r i b u t e t o t h e V m a g n i t u d e , t h e n t h e b ina r i e s will b e fa in te r in U2 — V. 

W e m u s t c o n c l u d e t h a t b i n a r y seconda r i e s d o n o t c a u s e t h e o b s e r v e d P le iades -
H y a d e s differences in u l t r av io l e t flux, for t h e fo l lowing r e a s o n s : 

(i) F r o m t h e a m o u n t of t h e effect, essent ial ly all t h e b i n a r y sys tems w o u l d h a v e 
t o h a v e equa l ly l u m i n o u s c o m p o n e n t s . 

(ii) T h e k n o w n s p e c t r o s c o p i c b ina r i e s a n d A m s ta r s a r e n o t d i sp l aced f rom t h e 
n o n b i n a r i e s in F igu re 1. 
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(iii) T h e n o n b i l i a r y H y a d e s a r e r e d d e r in U2—V t h a n t h e P le i ades spec t ro scop ic 

b ina r i e s . 
W e c o n c l u d e t h a t t h e u l t r av io le t fa in tness of t h e H y a d e s re la t ive t o t h e P le iades 

m e a s u r e d in Pro jec t Ce le scope d o e s n o t h a v e a s imple e x p l a n a t i o n in a b u n d a n c e , 
r o t a t i o n , o r s p e c t r u m pecu l ia r i ty . A s we h a v e seen, for t h e o b s e r v e d u l t rav io le t 
fa in tness of t h e H y a d e s t o b e a n a b u n d a n c e effect, t h e m e t a l a b u n d a n c e w o u l d have t o 
b e so h igh as t o h a v e been de t ec t ed o n c o u d e spec t ra . S u p p r e s s i o n o f t h e u l t rav io le t 
b y r o t a t i o n effects is in t h e w r o n g sense for t h e k n o w n difference in p ro j ec t ed r o t a t i o n a l 
veloci t ies be tween t h e P le iades a n d t h e H y a d e s . A n d t h e ident i f ica t ion o f t h e s ta rs in 
F i g u r e 1 k n o w n t o b e spec t roscop ica l ly pecu l ia r s h o w s t h e m n o t t o b e respons ib le 
for t he effect. U n t i l t h e or ig in of th is u l t rav io le t difference is u n d e r s t o o d , t he m e t h o d 
of c luster fi t t ing b a s e d on t h e H y a d e s m u s t be app l i ed wi th c a u t i o n . 
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D I S C U S S I O N 

Jaschek: Appa ren t ly , f rom the two c o m m u n i c a t i o n s , one has to conc lude tha t the difference between 
theory a n d observa t ion in the case of t he H y a d e s can only be expla ined in t w o w a y s : 

(1) by changes in t he bo lome t r i c cor rec t ions , 
(2) by hav ing a large n u m b e r of unde tec ted b inar ies which affect the to t a l m a g n i t u d e s of the s tars . 
C o u l d any o n e of t he speakers c o m m e n t u p o n th is? 
Schild: M y answer c a n be brief; m y observa t ions , since they a r e r epo r t ed as co lour-colour d ia

g r ams , are independen t of bo lomet r i c cor rec t ions . Similar ly, unde tec ted b ina ry secondar ies a re likely 
t o b e so m u c h fainter , a n d redder , t h a t it is h a r d t o imagine the i r c o n t r i b u t i n g significantly t o the 
far ul t raviolet fluxes. 

Pecker: T h e Ple iades vs H y a d e s d i a g r a m U2 — V vs b — y is essentially charac ter i s t ic of a tmospher i c 
proper t ies . If we exclude J a s c h e k ' s good suggest ion for double -s ta r p h e n o m e n a affecting the m e a 
surements , we m u s t cons ider t h a t a large difference in a b u n d a n c e s c a n n o t be excluded (as said by 
Schi ld) on the basis of differential curves of g rowth , a s t he a t m o s p h e r e s themselves m a y have a 
definitely different s t ruc tu re (possibly connec ted to deeper convect ive reg ions which , accord ing t o 
D e m a r q u e ' s c o m m e n t , a r e c o m i n g in the pic ture) . Differential m e t h o d s have t o be s t rongly criticized 
in such p rob lems . 
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