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The evolutionary consitierations of H C'r B stars-observational 
approach 

It ':~\cs nlc grcLlt plc;l\ulc to  contr~butc to thrs symposium honouring Prof. K D. 
Abhy;~nhar \vllo 1ii1s h ~ ~ c n  ;I \ource ol inspirat~on for me for many years. I would l ~ k e  to 
take thrs opportunrt) to p r c ~ t l t  to you some problems rn I I I I L ~ C I \ [ . I I I ~ ~ ~ I I ~ :  the nature of a 
group ot eutrcnlc tiytirogcn dcl'lclent stnrs, called R Coronae Borealis ( I <  Cr  B) stars 
.Pht.!. c \ t i~brt  11-~vgul;ir Irght \ n r~nb~ l l t y  and possess rnfriircd excesses In addrtron to  being 
hydrogcti d c t ~ c ~ c ~ i t  I hc nxirn prohlern i h  liow and wherc In the course of stellar evolutrop 
of medium ma\ \  \ tar\  rloc\ this phenomenon of hydrogen deficiency occur. For example 
about 3 0 ' 1  01 ccntlal \ tar\  01' pl;in~'t:it!' ncbulac are hydrogen dcl'rcrent and roughly about 
20'; ul whltc tilr\;i~l\ ; I I C  also li),tlrogcn dcficrcnt (Mcnder  ct u l  1986; Lcibert 1986) It is 
st111 not clear Ilou tllc\c c)hjccth get to  he hydrogen deficient. 'Ihe group of so called 
estrerne h!cirogcrl d e t ~ c ~ c r ~ t  \ tats U O I I I P I ~ S C  of' tlirce subgroups namely extreme helium 
stars, K C'r 1i \ta rj  arid t i !~ l r  ogen ddlcicnt carbon stnrs ( t ldC).  l.ct me illustrate to you 
some of thc p r t ~ p c r 1 1 ~ \  01 tl?csc \ t i l l - \ ,  In p;~rticul;ir the R Cr  B stars and thereby try to 
gucss a t  \\ h:it \tiigc ol jtcllal c \ o l ~ l t ~ o n  could a medrurn mass star of nortnal composrtion 
becornc h y d ~  ogcn dclrclcr~t 

I .  I.un~inosities and temperatures 

-1'herc alc  ahout t'otlr I< C'r 13 \tars and two or three IldC' stnrs known In Large 
Magellanic cloud ( I  MC') .11~11o11!:ti none is known in SMC. The 1,MC memberb indicate a 
high lurn~nosity ot .911,,,, httwce11 -4 and -5  (Feast 1972, Wood 1987). 'The stellar 
atmosphertc analyses also itidicate a high I , /  M ratio of about (Schonberner 
1977). Thc distribution of thc of' these three groups of extreme hydrogen deficient 
stars, cc~llectcd froni various sources, is illustrated in figure 1. 

'rile extreme lleliu~n stars occupy a region between 8000 K and 32000 K (Heber 
1986). Most of the K C'r H variables are confined to spectral type F to K (7000 K-5000 K; 
although some difficulty cxists about placing V 605 Aql). The HdC stars have 
temperutures s l~ght ly uooler than K C'r I3 stars. 'I'herc seems to  be a cut off on the cooler' 
side a t  I ; ! ,  - 4000 K. I t  is not clear whether this cut off is a consequence of the difficulty 
in detecting h!clrc,grri def'icicncy in the spectra of cool carbon stars of class N or  whether 
there is any limit t o  the  rightward extention in the H R  diagrams for hydrogen deficient 
stars. 
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Figure 1. Show\ the d~strlbutlonl (number) of varlau\ hydrogen def~clcnt \tar\ \ \ ~ t h  ~ ~ . \ p c c t  to  tclnpcl.ltulc (11 111c 
star The top panelreferstotheextre~ne h c l ~ u n i ~ t a ~ s ,  the ~ n ~ d d l c r c t r ~ . r t o  li CI H \tar\,and tlic hortorllto IIdC'\t.lr\ 

2. Distribution and kinematics 

Most of the R Cr B type stars are confined to galactic disc and concentrated towards 
galactic centre. The radial velocities also indicate characteristics of old disc population 
(Drilling 1986; Warner 1967). Warner (1967) has estimated the mean initial mass of. the 
stars to be 1-2 Ma based on the galactic distribution. The extreme helium stars as a group 
show higher radial velocities, but the sample is too small to arrive at definite conclus~ons. 

3. Abundances 

Stellar abundances provide one of the main clues for nucleosynthetic history of these 
stars. Although the general characteristics of the presence of strong lines of CI, C: and 
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of or  weak presence of hydrogen lines or CH bands are indicative of abundance 
peculiarities, detailed analyses are very limited. Only three R Cr B stars and four extreme 
helium stars have been analysed in some detail (Lambert 1986, Heber 1986). The main 

are the following. 
There remalns \cry little materlal of tht: original composition of the star'on the 

surface. Hydrogen 1s weakly present In some stars (e.g R Cr B) and not even detected 
spectroscop~~all> In others (11 K. NX Cam). The hydrogen 1s down by a factor 104 to 108 In 

( c  g X N  Cam). The doni~nant clement is helium. Whether the degree of 
hvdrogen deflc~ency IS related to any other physical characteristic or it vanes ~rregularly 
from star to star 1s not yet clear. N~trogen abundance also seems to be high; the N /O  
ratlo 1s about one ~ndlcntrre of occurrence of CNO cycles. Clz is abundant but el3 is low 
(C1:,;.C13 > 40) indicative of 3a reactions. Further, no large scale enhancement of s- 
processed material is present except In the case of U Aqr. Generally the metalicity i.e. the 
Fe abundance seenis to bc solar or  slightly below solar value (by about I dex). 

J'hert. seems to be csccptlonh to the gencral rule of high carbon abundance in R Cr 
B stars. I he rccent analys~s ot thc spectrum of the hotter R Cr B star. MV Sgr, shows 
that the carbon abundancc 1s In fitct below solar value (JeCfrey el al. 1988). Such 
compos~t~on anoniallcs ~ n d ~ c n t c  a n  asyriiptot~c glant b r a ~ c h  (AGB) or post-AGB star 
characteriat~cs I'he abundance v:iriations a\ well as the presence (or absence) of some of 
the elcmcnts m ~ g h t  bc a rcsult 01 ~ ~ ~ r l a b l c  rnlxlng of the surface rnaterlal with intershell 
matcrlill (('g. H. prewncc of I . \  in some s t a~s ,  Sr, Y enhancement in U Aqr). 

4. Puisations 

R Cr H stars show light variittions of snlnlle~ amplitude (0.1-0.3 mag) even at maximum 
light (I-crnie clr 111. 1972; Kao 1980. 1:cnst 1986). The only star which shows well 
determined photometrtc pcr~od and pulsation characteristics is RY Sgr, which has a ,  
period of 38.6 days. Ihis period seems to bc decreasing by about a second a day 
@' = - 10 ' d/cycle : Kilkenny 1982). I-iowever in the case of UW Cen there is some 
evidence that pertod is increasing (K~lkerrny & 'Flannagan 1983); about S Aps the 
situation is not clear, l t  showed a periodicity of 120 days for some time and reverted to 
about 40 days later. Although Feast (1986) estimates that most of the R Cr B stars have 
periods about 40 It- 5 days it is not even clear in many cases what exactly the periods of 
light variations arc (leave alone chtablish~ng that light variations are due to pulsations). 

Although K Vr B is one of the best observed and well studied star, no unique period 
of pulsation has bee11 established. I'eriods ranging from 39 days to 53 days have been 
seen (however see Fernie 1989). Some times the radial velocities do not even show the 
variations and the period does not agree with photometric period (Raveendran el al. 
1986). Photornctric activity is high and i r  n.lz111a1 i r k \  might be characteristic of these 
objects and both per~od increase or  decrease might be happening. 

However, based an the period decrease of R Y  Sgr alone, it is thought that R Cr B 
stars are moving i i ~ i i y  from A(;R towards hotter side (CPNs or white dwarfs) in the H R  
diagram (Schonberne~ 1986. Weiss 1987). Evolution of stellar models with carbon oxygen 
cores and helium envelopes, which could rcach to thc temperature luminosity region 
occupied by K C'r H stars, indicate that the masses are in the range 0.8 to 0.9 Mo . The 
pulsation characteristics of' thcse models show that the periods for models reaching the 
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red giant stage would be smaller than for the models rnovlng away lrcun red #ant rcglon 
with expected periods in the range 40d; moreover the life tlnles of the ~nodels m o v ~ n g  to 
red giant reglon are more than the return, as such, R Cr H stars evo l~ lng  to thL' red pants  
should be observable (Weiss 1987). But it is often concluded bascd 011 perrocl dcc~ease of 
RY Sgr that the R Cr B stars are moving away from AGB In case ol K C'I H. I-ernle 
(1989) shows that a penod of 26.8 d is present in addition to 43.8 d which hc thunhs nl~glit 
be the first harmonic. 

Apparently the stellar models also predict that HDC stars should also pulsate with 
perlods around 400 to  500 d which have not been observed Howevcr. Killerins cr (11. 

(1988) find that except for HD 173409 all other known HdC stars show llght varlat~on of 
amplitude V - 0.05 and periods (semi-regular or  ~ ~ I L * L ! I I ~ ; I I  around 20-40d. Acco~cllr~g to 
Saio (1986) if the luminosity-to-mass ratio is smaller than In the case of l i  C r  H stars then 
the pulsations could be very small. (In this context it might not be out of place to 
mention that a statistical parallax solution obtained for HdC' s t a ~ s  bascd on thc proper 
motions listed in Warner (1967) results in M ,  - 0.0 2 .O5. Obviously the sanlple 1s small 
and the solution might be based but goes in the proper d~rec t~on . )  Morc .;ystcmat~c and 
frequent observations are requ~red to study the pulsat~on propcnlcs ol ti Cr B stars. 

5. Circumstellar environment 

The crrcumsteliar cnv~ronment provides important clues to the c \ o l u t ~ i ~ n ; ~ ~ \  a\pcdts 
parl~cularly I would like to e m p h a s ~ ~ e  two Issues: ( i )  the prcscncc ol 1111ra1r.d cxccjsea, 
and (11) the presence of nebulae around these stars. 

The energy d~str~bution of I< Cr B stars shows thrce aspects. ( i )  thc cnclg) ti~\ti.~bution 
c o r ~ ~ \ p ~ ~ d ~ n g  to the F or G type star, ( i ~ )  the presence of ~nf~are i i  csccss ch;r~;~ctc.t 1\11c ot 
hot dust correspond~ng to black body tcmpcraturcs In the langc l r o ~ n  '100 li-600 h ,  (hi)  
another component infrared excess c11ar;icteristic of dust w ~ t h  hlach body tcrnpc~;tturc\ In 
the range of 100 K to 30 K (Kao & Nandy 1986) which w a j  b~ougli t  out h! the Il-!:lS 
observations. Figure 2 illustrates these three featurcs In I< c'r H. I hc prc+~,ilcc 0 1  thc cool 
dust (30-100 K) is seen in all the R Cr B stars wh~ch h i i ~ e  IRAS Iluxcs illc;isulcd In the 
60 p, 100 p bands (Rao & Nandy 1986; Walker 1985) r . ~ .  WM CrA R C'r 13, KL' Sgr. SU 
Tau, UW Cen, V 348 Sgr. The spatial extent of this cool dust could evc~i  bc n1c:lsurcd by 
IRAS; in the case of R Cr B and SU Tau this extends to 10 and 5 arcrniri t'ronl the htars 
respectively (Walker 1986; Gillet et al. 1986). The presence of such cool dust ahella are 
similar to those seen around planetary nebulae and has been interpreted as the fossil 
shells of the originally ejected hydrogen-rich envelope (Rao & Nandy 1986; (illlet itr a/. 
1986). The estimate of mass in the cool dust shells depends on thc' assumccl chemical 
nature of the grains, and their absorption coefficient at longer \\aiCIcngth4 in add~ t ion  to 
other factors like distances, etc. In case of R Cr B, assuming the grains are of amorphous 
carbon, the dust mass is estimated 6 to I O  tlmes M.,; further if the gas to dust ratio is 
assumed as 250 then the total envelope mass is - 0.25 hiw. Gillet rr ul. (19Xb) estimate 
the envelope mass could be between 0.25 to 6 MN, as such largc amounts of gas is 
expected to be present. So far attempts to detect the CO emission (millirnetre) from the 
cool gas have not been successful. The dust shell in R Cr B is a t  a mean distance of 2.2 pc 
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Figure 2. 1 he energy d ~ \ t r ~ h u t ~ o ~ t  o! K ('I H. I ) t l t s  :trr tllc I K A S  ohrovuttorlr I I~ucrosscd and open c~~c lcr  itre the 
g~ound bawd observatrcln\ or1 t u o i f ~ l l c ~ e n t  Ibc.carlon#. 1 111. I~ric\ \Iiotr thc t .  atnr . a n d  acombtnation ot hXOnnd30 K 
black hod? cnergj Jlirr ~ h t l ~ t r ~ i ~  ( t ~ o n l  Rircr .% 'I6rntlv IOXO) 

from the star. The optical spcctrunl ot K C'r H shows sharper absorption conlponents to 
N a ~ l )  lines shifted by -47 km s ' relative to the star, which were thought to arise in the 
interstellar medium. As pointed out by Ciaposchkin (1Y63), they could even be of 
circumstellar origin (nearby stars d o  not show such components). If these Nar 
absorptions come from the gas rissoci;itcd with the cool dust shell then the tlnx of 
ejection of the shell is - 40,000 years (the age estimate could even be lower because the 
radiation pressure could accelerate the dust rclitive to the gas once the gas density is 
low). 

Many of the K C'r B stars sccm to  be surrounded by low dcnsity nebulae as can be seen 
on the dircct photograph\ or inferred from the presence of nebular lines in their 
spectrum. I'hc hot K C'r H type star V 348 Sgr (TCrr = 20000 K )  is surrounded by a nebula 
extending to 10 arcsec from the star (Herbig 1958) and has been studied by Dahari & 
Osterbrock ( 1984), see figure 3. Another hot K C'r B star MV Sgr ( T , t r  ---- 15400) shows 
the presence of nebular lines of IS 11 ] f Kao rt al. 1989, figure 3) and Ha emission. Another 
star DY Cen shows Ha [SIJ [NI) in emission (figurc 3) indicative of nebular gas. The 
hydrogcn deficient !,tar V 605 Aql has an iutcrc\tinp history. I t  brightcncd up from a star 
fainter than 16 mag to about 10 may in 1919 and disappeared by 1923. Currently there is 



, of 22.3 mag the poidon of the outburst. I t  showed il llydmp'n ('(icicnt wrbOn 
star (~i&lmfi 1975) when it war bright in 1921 (ibstricd by I l l i ld l ly~rk 

(figure 4). At pnxd it shows a WC5 Wolf-Rayet star SpcClrum. l'hc SvJr airo $Cams lo 

hydrogen deficient nebulous material around it (Seitter 1918) spectral IsPC 
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af thc star before 1919 is not known, but if it werc the same as the present, tircn file t imi 
ta makc the erccursiors across the HR diagram is less tktn 70 yr, 

Finally even M Cr I? which i s  an FMIb stiir ITefl = 7060 K) shows the presence of 
nebular tines of fQ 111 A3727 {Herbig 1949* $958) whmver the star i s  fainter than I3 
mag, indicative of low density nebulr%r envelope around the star (see figure 5).- . 

Figurn 4, The spectrum d Q@5 Aqt abtaiscd in dit medc by ~unrlmark ctn 26 Septcrnbsr 1921 with Crossly 
nnoctot antt9' lbm txptnurr (coumy 6. H. Hcrbig) 

Fiw 3, T k  aprclrum d R Cr B during a tight mintmurn rt V * 12.7 (top) and Y .- 14 Ibtton). 'mr: V - 19 
apcctnrm $haw mwibembk wmkning of the so cllllrd chrrrmcwpktic cnrirsian linrsand albo shows rhc fO ti] line 
otrongly (Habig %W, personal mmmunicaliuna) 

The pnescncr: of the mttulat araund thcet stars of ?"Pw ?OM KfRCrfl;) and 14000 K 
{MV Sgr) indicste that the stars by th~xwXves cannot at prcwnz phatoiatrizc Xhc mbularo 
and sustain tkm, t h y  m a t  hiwe pho8oimiml them when tb stam wxr hotter in tht 
p t ,  $n ww!i of R Cr B this itxfuwim to hatter rergion in HR diagram muet haw 
happ~ined in the jaarl14116180 ymm. T h  mdtathn of ~ b t  neb& mioff from its source of 
r;ad&tioa, L mplecl;tod ta survlwt- fm303XI n+zmf pars (Akkr El#), which wauM imply 
$hat R Cr 0 a- as a ha sUr for soma time in the last 1000 yeas (or hi), R Cr I3 
i-lf lxad lac4n lrnawn tia be a urrlabb 6% magnitude star {rat mlcimum S i t )  s iw  iW 
(Hs@m&r et ill& I!&$); m h j ~ r  hw: imwd to tb star In ttro k t  a08 yr. 
T b  phpirYLI swat-of thim wbW wukl L pimigta iardbt~. th d i d o n  of evolutiaa 

an aruplnqp axpsmh wlmity to Wt anwbp i.6. wXlttfWr the m l r  shrs 
r midm W Q I X ~ ~  -1. Thw 4;ncl wimuu, k m w m  rn &pm&nt on the 

W ~ m a f h r c ~ a t d u l e t a R 6 ~ S I Y % V ~  , aMXrr k, ph86tary 
~ m a l A C o B m r r c t a ~ b s ~ ~ t ~ p ~ b v d  thPawfdh rhd pkmtory 
PuaJgar-aimk**m* 



5.3.  Mass-loss rates 

One of the aspects which has a bearing on the evolution of R CrB stars is the mass-loss 
rate, not only in the past but also at present, since the llfe time in the R Cr B state might 
be partly controlled by the mass loss if it exceeds 2. 1 0 - 9 f '  (Schonbemer 1986). Thus the 
number of stars expected would also depend on it (e.g., to reduce the life time to  3.10' yr 
mass-loss rates of = lo-' Mo y-' are needed.) The current mass-loss rate estimates are 
very uncertain and depend on the estimated dust mass typically ejected a t  the time of 
light minimum. Based on the increase in the infrared excess in 1974 rninimum of R Cr B 
and the assumed extent of the dust cloud co~r\i\li~ri: of graph~te grains, thc dust mass per 
ejection is estimated as - 5.10~' Ms. Since the typical mlnlmum occurs on the average 
once in two years in R Cr B, with an assumed gas to dust ratio of 100 tho mass-loss rate 
for R Cr B is - 2.5 M@ yr-'. The uncertainty in these estimates 1s hard to assess, it 
may be a factor of three or so. Feast (1986) estimates the mass-loss rate as - MH yr- 
'. The above estimate is only for the mass ejected as d~screte events, the continuous mass 
loss as stellar wind has not been estimated properly. The resonance lines of Fell, M ~ I I ,  
Mgr etc., in IUE high resolution spectra of R Cr B show 1' Cyyni components In their 
line proflles (Rao & Giridhar 1986) which in pr~nciple could provide an estimiite of wind 
mass loss. The upper l im~t of the mass-loss rate of ionized gas cstimiited from a n  upper 
limit of 6 cm rad~o flux density in R Cr B is 7.  10.' Mo y r ' .  It appears that the present 
mass loss rate of R Cr B (and may be other R Cr B stars also) is d M,., yr-'. 

6.  Structure & origin 

Schonberner (1986) has reviewed the stellar structure of these s t i t r~ based on the 
abundances and position in the log g, log T,rr plane, as objects possessing C, 0 cores, 
with a He burning shell and a helium envelope. Weiss (1987) could evolve models with 
carbon oxygen cores and carbon enriched helium envelopes (composition consistent with 
abundance analysis of R Cr B stars) to the stage of R Cr B stars for mass in the range of 
0.8 to 0.9 Ma. 

The origin of R Cr B stars is not clear and no promising schemes have emerged yet. 
The scheme proposed by Renzini (1979), Iben el ai. (1983), lben (1984), that R Cr  B stars 
are born-again AGB stars which underwent a last helium shell flash when they were 
passing through the stage of central stars of a planetary nebula or white dwarfs resulting 
in the star expanding and becoming an AGB star for a second time seems very attractive 
but the time scales (particularly with the inclusion of mass loss) in the R Cr B (or second 
AGB) stage are so short (= 100 years) that the stars in this stage are not expected to be 
observable. 

The other scenario developed depends on a binary star model, in which a CO white 
dwarf and a He white dwarf merge together to become a red giant (Webbink 1984; Iben 
& Tutukov 1985). This scheme also faces several problems (Wood 1987); for example, the 
merging process implies an age of - 10'' years for the system, which conflicts with the 
observational result of solar metallicity in these stars. At present there appears to  be no 
collvincing scheme to account for the origin of R C r  B stars and also their relationship 
with HdC stars and extreme helium stars. However one thing seems clear that R Cr B 
stars (at least some of them) passed through a stage of planetary nebulae. The presence of 
hot helium and carbon rich subdwnrfs (Husfeld er ol. 1989) and their relationship to 



1 n ( ) ~ ~ [ c I  I ~ h c  to e\plc\? nl! \ i r l c c l c  Ih;111h\ t o  I'rol. (i II I l c r b l g  for the past courtesies 
allti t o 1  c c ~ ~ l t l n l l c t ~  t .nCOLlr , tp ' l l lCnt  111 nl!, I ~ l \ ~ ! ~ t l g a t l c t n s  on 11, Cr B stars. 

Uao, h .  h .  I~>I~I~I,III\, I ( i ~ r ~ t l l ~ d ~ .  \ (l(WL)l ./ 1~ (111 p105j 
R~I\CCII~J'III, A i , ,A$III>I.~I. I{ <V I{,III, \ h II'~UO1 I 1 [  (,I//, ,\TI, #7,  p. 191. 
~ ~ 1 1 ~ 1 1 ~ 1 .  , \  (1');')) Ill .511~f\ at/>'/ \/Ill \ l \ l e ~ ~ > i ~  (L'd 1% 1 ~ ~ ~ \ 1 ~ 1 ~ ~ 1 1 1 ~ ~ )  ! < ~ l l k l ,  p. 155 
S.111). t l  ION($. I If c ~ l l  . \ t r  (Y:. p J?5 
Suhonh111c1. 1). (19771 4 , r t  111 5 : .  ij 437 
S I ~ I  1) I I .  ' I \I) (8'. p 471 
Scittcr, LV t' (I%?) f . i ( ?  \/t*\\vt~,~:t,t ' 4 0 ,  >(Is 17 14. 
LViiILel* I t  I (l')Kt\l (,,/I \'I*, bY-. 17 .407 
LY:~rr\er, t%. 1 ILjf17) .tf ,S ,R ,.4 .% 1.17, ! 19. 
W c h h ~ l ~ h .  I< (19x4) 411 .I, 277. p 15.5 
We15s. A l IYh?) 111 Irrrr, ,rlrrqtVt it1 \rc.llur I~I~~I~I~II~I~I (cri\: S. K ~ u h  -!k S U l'octitscli) Keidel. .4str. Ay. 185, 178. 
Wuod. l', Jt IIUX') 111 1 1 ~ 1 t ~  tfrr):rac 111 \ l r ~ l j t ~ r  l~l~l~/ll?l~~ll (ed S. Kowh & S. I<. I'ottarch) Kridel. p. 197. 

Vardya : \i hilt 1 4  tllc nr~\pll tudc ot p i ~ l s i i t i t ) ~ ~  in IK :1nd in LJV'? 
Kamcswarn Kao : I hc ampliritic 01 pulsation i n  R\rr Sgr at I. band (3.5 pm) is about 0.4- 
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0.5 mag. In U V  the pulsation amplitudes are not measured for many stars systemat~cally. 
Vardya : What is A? for these stars'? 
Karneswara Rao : No definitive values exists. It 1s believed that il;/ is< lo-%(+ iyr-'. But a 
range of values which vary by an  order of magnitude are given by various authors. These 
valuies are mainly based on the dust ejected a t  a typical light minimum. 
Rathnasree : You ment~oned that one cannot make out whether the stars are going 
towards Hayashi track or  away from it. Should not the evidence of CNO p~oc:c\\ing 
ind~cate that they are indeed evolving away from the Hayashi track? 
Kameswara Rao : CNO abundances a t  this stage cannot directly tell you one way o r  the 
other. 
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