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Nousek at aJ. (1986) have recent ly announced the d iscovery of a remarkable 

hot compact s tar , H1504+65, which appears to have an atmosphere devo id of 

hydrogen and hel ium. Al though the o b j e c t seems s igni f icant ly hot ter than the r e l a ­

ted PG1159 s tars , its suggested atmospheric composit ion remains at var iance wi th the 

He-r ich composit ion inferred for the la t ter stars (Vesemael, Green, and Liebert 1985). 

Nousek at a/. (1986) have brought forward conv inc ing arguments against a 

H-dominated atmosphere in H1504+65; i t seems that the ob jec t is def in i te ly not an 

extremely hot DA s tar . On the other hand , the case against a He- r i ch atmosphere 

is much weaker and is based on the fol lowing circumstant ial arguments : (1) no 

helium lines are detected in the spectrum of H1504+65 (the detect ion l imit is % 0 5 

A) , (2) the u l t rav io le t continuum slope is steeper than that pred ic ted from pure 

helium models axtrapo/ated to ef fect ive temperatures larger than the upper l imits 

of avai lable grids (Te - 200 000 K for log g - 7 ) , and (3) the EXOSAT observat ions 

appear to conf l ic t wi th the He in terpre ta t ion, al though sui table models (with h igh 

effect ive temperatures) are not readi ly avai lable in this case a lso . Because of the 

lack of appropriate models, Nousek at aJ. (1986) have been careful not to rule out 

completely the possib i l i ty of a He- r i ch atmosphere for H1504+65. In par t i cu la r , they 

admit that He II l ines could probably be undetectable if H1504+65 had an ef fect ive 

temperature substant ia l ly larger than T0 - 150 000 K. Nevertheless, they have found 

it tempting to hypothesize an atmosphere devoid of both hydrogen and hel ium. 

Coupled with the presence of weak C IV and 0 VI features in the spectrum of 

H1504+65, this has led to the suggestion that H1504+65 is ac tua l ly a bare C / 0 

nucleus (cf. Shipman 1987). Al though this suggestion is in teres t ing, it has undeser ­

vedly remained unchal lenged and we have felt it appropriate to reexamine the case 

against a He-r ich atmosphere with the help of further modell ing e f for ts . 

A detai led spectral synthesis study of a hot star such as H1504+65 presumably 

requires the inclusion of NLTE ef fects. Modell ing of such ob jec t s is indeed proving 

to be quite a chal lenging task, as demonstrated by Werner, Heber, and Hunger 

(1988) for the case of PG1159-035. In add i t ion , it is qui te possible that the a tmos­

phere of H1504+65 is expanding through the act ion of a residual wind and such an 

effect may have to be included as well (e.g. , Kudritzki 1987). Short of these c o m ­

pl icat ions, one can nevertheless hope to constra in the atmospheric parameters of 
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H1504+65 with the help of simpler, p lane -pa ra l l e l , s ta t i c , LTE models cowering the 

appropriate region of parameter space. To supplement the publ ished models used by 

Nousek at aJ. (1986) - spec i f i ca l l y the pure H models of Vesemael at aJ. (1980) 

extending to 200 000 K, the pure He models of Vesemael (1981) extending to 200 

000 K, and the solar composit ion models of Hummer and Mihalas (1970) for nuclei of 

planetary n e b u l a e - , we have computed a small gr id of unblanketed uniform models 

with log g-7.0 and T J I O ' f y - 120,140,160, and 180. The chemical composit ions which 

have been considered are (1) pure He, (2) He-dominated with the addi t ion of C, N, 

0 , and He in solar propor t ions , (3) a similar mixture with the "metal" abundances 

reduced by a factor of 10, and (4) a ha l f - and -ha l f C / 0 composit ion by number. Ve 

report here on some part ia l resul ts of an ongoing analysis of H1504+65 based on 

these models. 

Our f i rst c lue is the energy d is t r ibut ion slope observed in H1504+65. Nousek at 

a/. (1986) report a re lat ionship H^ oc X"4-1 * 0 J in the 1250-1800 A range and 

extending into the opt ica l reg ion . Ve f ind that none of our models can account for 

such a steep spectra l index. For example, the u l t rav io le t spectral index of our pure 

He models var ies between 3.72 and 3.80 in the range 120 < Te(10^<) < 180. It 

var ies between 3.72 and 3.82 in the same temperature range for the two He-r ich 

composit ions wi th C, N, 0 , and Ne absorbers. The C / 0 models do not fare any b e t ­

ter than the He-dominated atmospheres a n d , if any th ing , are s l ight ly more d i sc re ­

pant with a pred ic ted spectral index vary ing between 3.63 and 3.76 in the same 

temperature in te rva l . It is thus c lear that the chemical composit ion does not affect 

strongly the u l t rav io le t continuum slope in the range of temperature cons idered. In 

par t icu lar , invoking an atmosphere devoid of H and He does not help in e x p l a i ­

ning the observed u l t rav io le t spectral index. Inclusion of NLTE effects may well not 

affect s ign i f icant ly the present resu l ts , as the re levant opaci t ies in the spectral 

range of interest are dominated by f ree- f ree t rans i t ions. It may be necessary to 

consider an expanding atmosphere around H1504+65 to account for the large s p e c ­

tral index observed. 

Another result comes from an analysis of the EXOSAT data with our grid of 

model atmospheres. H1504+65 was observed with the LE1 detector through three d i f f e ­

rent f i l te rs . The observed count rates were : 6 5 7 ± 0.04 counts s " ' ( thin Lexan ; 

LX), 0 4 7 ± 0X12 counts s* ' ( f l l /Pa ry lene ; A l / P ) , and 0.017 ± 0.002 counts s " ' 

(Boron; B) (Nousek at a/. 1986). Taking into account the known instrumental r e s ­

ponse, the predic ted count rate in a g iven f i l ter can be computed as a funct ion of 

the interste l lar neutral hydrogen column densi ty (nH) for a model which is norma l i ­

zed to the observed visual magnitude (V-16.24). For a known observed count ra te , 

this procedure g ives a unique value of n H for a g iven ef fect ive temperature and , 

thus , leads to a curve in the log(n.,)-T p lane. More general ly , the procedure gives 

rise to a family of curves (or band) by taking into account the measurement unce r ­

ta in t ies . Acceptable models correspond to regions of the log n H
- T e plane where the 

bands for the three dif ferent f i l ters over lap. An addit ional constra int comes from the 

independent est imate of n H (0.6 ± 02 x 1020 cm"2) g iven in Nousek at aJ. (1986) 
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and based on the detection of an interstellar Lya feature in the small-aperture SVP 
IUE spectrum of H1504+65. 

Figure 1 summarizes our results for the pure He models. It is seen that a con­
sistent solution is not possible so that we can exclude these models. One of the 
reasons is that our high-temperature, pure He models are too bright in the EUV 
bandpass and, consequently, require an interstellar absorption which is too large 
as compared to the Lya limit. Some atmospheric EUV absorbers are clearly needed. 
As shown by figure 2 (which illustrates the results for the models with the He-rich 
composition with C, N, 0 , Ne abundances at 1/10 of their solar values), the 
situation indeed improves significantly if such absorbers aro included. Ve now find 
a marginal solution in the range 150 < Te [\0\] < 160 for the LX and Rl/P filter 
data although the B band does not f i t . R better solution is obtained if the abun­
dances of the C, N, 0 , Ne absorbers are raised to their solar values. Figure 3 
indeed shows that He-dominated models with 155 < TO(10T<) < 180 can account for 
the EXOSAT LX and Rl/P filter data as well as the Lya constraint on nH. R 
virtually identical solution, suggesting a temperature range 160 < Te(103K) < 180, is 
obtained for the C/0 atmospheres. Thus, the EXOSAT data cannot discriminate 
between C/0 atmospheres and He-rich atmospheres with solar traces of heavy e le ­
ments. It should be noted that the lack of success experienced by Nousek ei gj. 
(1986) in their attempt at explaining the EXOSAT data in terms of the model 
atmospheres of Hummer and Mihalas (1970) is caused by the limitations of these 
exploratory models. Indeed, not all appropriate ionic species are included in these 
models (notably 0 VI), and expected photoionization edges are not included at 
wavelengths shorter than 100 A. 

Ve note that the B count rate appears too small for all of our model atmosphe­
res, fls an illustrative example, we find mutually consistent solutions for all data if 
we arbitrarily multiply the observed B count rate by a factor of 5 (see Fig. 3 and 
Fig. 4, in particular). It is not entirely clear at this stage why the B filter count 
rate remains inconsistent with the rest of the data but at least two possibilities 
exist. Because the B filter does not map out the same spectral range as the other 
filters, it is possible that other absorbers than He, C, N, 0 , and Ne affect signif i ­
cantly (and in a relative sense) the flux in this bandpass. This will have to be 
checked with models including a large number of absorbers. Moreover, it is possi­
ble that the B count rate has been underestimated because its point spread 
function has turned out to be much wider than initially estimated according to the 
discussion of Chiappetti and Davelaar (1984). 

It is also of interest to point out that this analysis is entirely consistent (and 
this includes the problem with the B filter) with the independent study presented by 
Barstow (1988). Using his own grid of models with input physics quite similar to 
ours, Barstow finds that the LX and fll/P data of H1504+65 can be understood in 
terms of model atmospheres with log g - 7.0 and 172 < Te(103K) < 200. His prefer­
red atmospheric composition is far from extreme with H and He in a one-to-one 
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rat io (by number) and solar abundances of C, N, and 0 . This is qui te similar to our 

own results for the He- r ich models with solar abundances of C, N, 0 , and Ne, as H 

is not expected to p lay a major role at the temperatures of in terest . 

Ve can summarize the fundamental results of th is paper in the fol lowing way : 

we f ind that we cannot discr iminate between He- r i ch atmospheres with solar t races 

of heavy elements and exot ic C / 0 atmospheres for H1504+65 on the basis of the 

observed u l t rav io le t slope and FXOSAT da ta . This weakens considerably the case 

against the He in terpre ta t ion . Under those c i rcumstances, we favor the simplest 

in terpre ta t ion, i .e. that of a He- r ich atmosphere for H1504+65. It remains to be 

shown that He II l ines indeed fade below the detec t ion level of =*0.5 A in the r a n ­

ge 155 < TJ IO 3 !^ < 180, our best estimate of the ef fect ive temperature of H1504+65. 

In add i t i on , the observed l ine strengths of the few C IV and 0 VI features in the 

spectrum of H1504+65 must remain consistent with the predict ions of He- r ich model 

atmospheres with t races of C and 0 . Ve are current ly consider ing these part icular 

quest ions. Ul t imately, a ful l NLTE ca lcu la t i on , possibly coupled to an expanding 

atmosphere, may be required to understand completely th is extraordinary o b j e c t . 

This research has been supported in part by the NSERC Canada, by the fund 

FCflR (Quebec), and by a E.VJ? Steacie Fellowship to one of us (GF). 

Barstow, M.fl. 1988, these Proceedings. 

Chiappet t i , L., Davelaar, J . 1984, EXOSAT EXPRESS no . 8 . 

Hummer, D.G., and Mihalas, D. 1970, f1on.Not.Roy.Asiron.Soc., 

147, 339 . 

Kudr i tzsk i , R. 1987, in /All Colloquium 95, 7?>e Second Conference 

on Faint Blue Stars, eds. ftJSL. Phi l ip , D.S. Hayes, and 

J . Liebert (Schenectady: LDav is Press), p.177. 

Nousek, J A . , Shipman, H I . , Holberg, J.B., L iebert , J . , Pravdo, S.H., 

Vh i t e , N £ . , and Giommi, P. 1986, Astrophys.J., 309 , 230 . 

Shipman, H I . 1987, in /AU Colloquium 95, The Second Conference 

on Faint Blue Stars, eds. fl£D. Phi l ip , D.S. Hayes, and 

J . Liebert (Schenectady: LJDavis Press), p.273. 

Vemer , K., Heber, U., and Hunger, K. 1988, these Proceedings. 

Vesemael, F. 1981, Astrophys.J.Suppl., 45 , 177. 

Vesemael, F., fluer, LJH., Van Horn, H.M., Savedoff, M P . 1980, 

Asirophys.J.Suppl. , 43 , 159. 

Vesemael, F., Green, RF„ and L iebert , J . 1985,Ast rophys.J .Supp l . , 

53 , 379. 

366 

https://doi.org/10.1017/S0252921100099887 Published online by Cambridge University Press

http://f1on.Not.Roy.Asiron.Soc
https://doi.org/10.1017/S0252921100099887


20.0 

18.0 

1 

' 

Lya 

1 

1 1 ! 1 1 1 
LEI BORON 
LEI flL-P -*••£"= = = 
LEI LX30O0 __ _, = ..=S'»" ~" _ _ 

'' / / / 

J, 1 
1 X / 

I ' 1 1 1 1 1 1 

100. 120. 140. 160. 
TEFF/1000 

180. 

20-0 

18.0 

1 i i 1 1 I 1 

:.:..:.:. til ST 
LEI LX30O0 ^ „ - -

Lya y' / y ^ 

100. 120. 140. ISO. 
TEFF/1000 

Figure 1. Relationship between the inter­
stellar neutral hydrogen column density 
and effective temperature for pure He 
models of H1504+65 with log g=7.0. The 
continuous, dotted, and dashed lines cor­
respond to family of curves consistent 
with the observed EX0SAT count rates in 
the LX, AI/P, and B filters, respectively. 
The lower dashed curve labeled "X 5" cor­
responds to a B count rate arbitrarily 
multiplied by a factor of 5. The two hori­
zontal lines define the region where n., is 
constrained through Lya observations. 

Figure 2. Same as Fig. 1, but for He-rich 
atmospheres with traces of C, N, 0, and 
Ne at 1/10 solar values. 
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Figure 3. Same as Fig. 1, but for He-rich 
atmospheres with solar abundances of C, N, 
0, and Ne. 

Figure 4. Same as Fig. 1, but for C/0 
atmospheres. C and 0 are in equal pro­
portions by number. 
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