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ABSTRACT 

Further spectroscopic observations of HZ Her are presented. Spectrograms with a dispersion of 
30 A mm -l reveal a spectral type as late as FS near minimum in the light curve with the G-band 
and metallic lines present. Narrow Fe lines show that HZ Her is not a rapid rotator. Low-dispersion 
(115 A mm-1) spectra, obtained with 10-minute time resolution, reveal rapid (lom) variations in 
the M640 N m emission and in the M471 He 1 absorption features. The H,B absorption is variable 
in equivalent width, and shows evidence of being partially filled with emission. 
Subject headings: stars, individual - X-ray sources 

I. OBSERVATIONS 

We report preliminary results from an extensive series of spectroscopic observations 
of the optical counterpart of the eclipsing, pulsating X-ray binary Her X-1 =HZ Her. 
The data are listed in tables 1 and 2. All the spectrograms were obtained with an RCA 
two-stage image tube and UVITS spectrograph at the Cassegrain focus of the 82-inch 
(207-cm) Struve reflector. The spectra obtained in May (G. G. and P. V. B.) were 
recorded at a dispersion of 30 A mm- 1 with ---2 A resolution. Those obtained in July 
(B. W. B., R. S. M., and H. A. W.) were at a dispersion of 115 A mm- 1 with ---6 A 
resolution. The higher-dispersion spectra covered a wavelength region from 3800 to 
4400 A or from 4300 to 4900 A with exposure times from 30 to 90 minutes. The lower
dispersion spectra covered a wavelength region from 3800 to 5800 A with an exposure 
time of 10 minutes. All spectra were widened to ---0. 7 mm. 

Tables 1 and 2 also contain the X-ray phase (ON or OFF) and the orbital phase at 
the time of exposure. These were calculated using an orbital period of 1.700165d(2) 
and epoch of 1972 November 22.60587(16) for the center of X-ray eclipse, and using 
an X-ray ON-OFF period of 35.88a(85) and epoch of 1973 March 1.4(1) (Tananbaum 
1973). The determinations of X-ray ON-OFF may be invalidated by anomalous "ex
tended low" behavior of the sort described by Fabian, Pringle, and Rees ( 1973). 

II. DISCUSSION 

The higher dispersion and resolution available on the May spectrograms enable 
spectral types to be much more accurately estimated than in previous investigations. 
Both Crampton and Hutchings ( 1972) and Bopp et al. ( 1972; hereinafter referred to 
as Paper I) have noted the variations of spectral type with phase, and have estimated 
that, at minimum, the spectral type is ---A9 or FO. However, our most recent spectro
grams show the spectral type, as deduced from the strength of the Ca n K-line rela
tive to the (H +HE) blend, to be as late of F5. Fe I lines and the Ca I line at 
A.4226 are prominent. The G-band is visible on several spectrograms, implying a 
spectral type of F2 or later. A Ca II K-line is weakly visible even at maximum light; 
a spectral type no earlier than A3 is implied. This in turn implies a range of effective 
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Plate No. 

255a ..........•.... 
255b .............. . 
256 ............... . 
257a* ............. . 
257b .........•..... 
257c* ..•........... 
258a ..........•.... 
258b* ............. . 
263* .............. . 
266a .............. . 
266b* ............. . 
266c .............. . 
267a* ............. . 
267b .............. . 
267c* ............. . 
268 ............... . 
269* .............. . 
270a .............. . 
270b* ............. . 
270c .............. . 
271a* ............. . 
271b .............. . 
277 ............... . 
281 ............... . 

BERNARD W. BOPP ET AL. 

TABLE 1 

30 A mm-1 OBSERVATIONS OF HZ HERcuLIS 

Date Orbital 
(1973 May UT) X-Ray Phase Phase 

16.242 ON 0.718 
16.269 ON 0.734 
17.228 ON 0.298 
17.2 77 ON 0.327 
17.312 ON 0.347 
17.339 ON 0.365 
17.413 ON 0.406 
17.448 ON 0.427 
18.438 ON 0.009 
19.246 OFFt 0.484 
19.295 OFFt 0.513 
19.327 OFFt 0.532 
19.389 OFFt 0.569 
19.422 OF Ft 0.588 
19.452 OFFt 0.605 
20.252 OFF 0.076 
20.409 OFF 0.168 
21.226 OFF 0.647 
21.259 OFF 0.668 
21.300 OFF 0.692 
21.3 70 OFF 0.734 
21.397 OFF 0.750 
24.436 OFF 0.537 
25.408 OFF 0.109 
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Spectral Type; 
Remarks 

F5:; G-band vis. 
FS; G-band vis. 
Fo 
... , no emission 
FO 
... , no emission 
FO 
... , no emission 
... ' no emission 
AS 
... ' no emission 
A7 
... ' no emission 
A7 
... ' no emission 
F5; G-band visible 
... ' no emission 
A7 
... ' no emission 
FO 
... , no emission 
F2 
A3; He I strong 
F2: 

*These spectra cover the wavelength region XM300-4900; all other spectra from 3800-4400. 
t It is not possible to determine X-ray ON/OFF for these plates even assuming the normal 34.88-

day periodicity due to the 0.85-day uncertainty in the period. 

temperatures from 6500° to 9000° K. Representative spectra at several orbital phases 
are shown in figure 1 (plate L7). 

On several spectrograms near minimum, the metallic lines, especially A4045 Fe 1, 

can be seen to be very sharp.This enables an upper limit to be set on the rotational 
velocity of HZ Her. The A4045 line is no wider than the instrumental profile, implying 
wR :S 75 + 25 km s- 1 (assuming that w is perpendicular to the orbital plane and sin 
i = 1). This means that HZ Her is not a rapid rotator, a possibility suggested by 
Jones, Forman, and Liller (1973). For synchronous rotation wR ~ (0.43V + 169) 
(Bah call, Joss, and A vni 19 7 3) yielding 0-60 km s- 1 for the orbital velocity V of 
HZ Her, barely consistent with results of Crampton and Hutchings ( 197 2). The low 
value could result from production of this line only in the coolest part of the star. 

The 30 A mm- 1 spectrograms covering the region 4300-4900 A were obtained to 
search for the emission features reported in Paper I. No strong emission was seen on 
any of the May spectrograms. The minimum measurable equivalent width for emission 
features is estimated to be 0.25 A. The low-dispersion spectra, obtained with relatively 
high time-resolution, were a further attempt to detect emission features and investigate 
their short-term variability. The recent model of Joss, Avni, and Bahcall ( 1973) 
predicts fairly strong emission lines near maximum, and the phase coverage on 9 July 
constitutes a test of this prediction. 

In contrast to the negative May results, emission lines are visible on the July 
spectra. We list the measurements of the equivalent width of the A4640 N m feature 
in table 2. The lower limit for equivalent-width measures is estimated to be 0.2 A. 
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TABLE 2 

llS A mm-1 OBSERVATIONS OF HZ HERcULIS 

Date Orbital Spectral 
Plate No. (1973 July UT) Phase Type EW >.4640 (A) 

29Sa ................ 9.1S6 0.430 AS 
295b ................ 9.162 0.433 
296a ................ 9.179 0.443 A3-AS 1.0 
296b ................ 9.184 0.446 0.7 
296c ................ 9.188 0.449 1.0 
296d ................ 9.194 0.4S2 1.0 
296e ................ 9.200 0.4S6 0.4 
297a ................ 9.219 0.467 A3-AS 0.8 
297b ................ 9.229 0.473 0.3 
297c ................ 9.238 0.478 0.3 
297d ................ 9.247 0.483 0.3 
297e ................ 9.2SS 0.488 0.2 
298a ................ 9.269 0.496 AS 0.8 
298b ................ 9.277 O.SOl 0.4 
298c ................ 9.28S O.S06 0.9 
298d ................ 9.294 O.Sll 0.8 
298e ................ 9.303 O.S16 1.5 
299a ................ 9:317 0.52S AS 0.9 
299b ................ 9.326 O.S30 0.7: 
299c ................ 9.339 O.S38 0.8 

The accuracy of the equivalent widths, as determined from measures of the Ca II 

K-line, is +25 percent. There is, however, no increase of emission intensity near 
<P ,....., 0.5 as compared with other phases; the spectrograms discussed in Paper I show 
the N III to vary randomly in equivalent width from 0.5 to 2.0 A at phases ranging 
from 0.4 to 0.8. The N rn emission seen in 1973 July shows variations of up to a 
factor of 5 in equivalent width, with fairly rapid variations evident. Changes of a 
factor of 2 or 3 from one exposure to the next (an interval of 10 minutes) were not 
uncommon. C III A.4650 emission was seen on only two spectrograms, 299A and 299C 
(phases 0.525 and 0.538) with equivalent width ,.....,o.6 A. He II ,\4686 emission was 
seen only on spectrogram 298E (phase 0.516) with an equivalent width of --0.6 A. 

The presence of He r absorption lines in the spectrum of HZ Her has been noted in 
Paper I, in Davidsen et al. (1972), and in Crampton and Hutchings (1972). The 
,\,\ 402 6, 44 71 He I absorption lines were seen on all the lower-dispersion spectra. The 
equivalent widths were in the range 1-2 A, though rapid variations, similar to those 
seen in the high-excitation emission features, were evident. The behavior of the A.4471 
line was correlated with emission-line behavior, with the absorption line generally 
being weaker when the emission lines were strong. 

Significant variations in the equivalent width of H,8 were also seen, with measured 
values ranging from 2.5 to 5.0 A. Paper I had noted the anomalously small (for a main
sequence A star) Ba,lmer equivalent widths and had suggested the lines might be 
partially filled in by emission. We can now show that emission is correlated with the 
high-excitation emission variations previously described. In figure 2, we plot the 
quantity W(y, o)/W(,8), the mean equivalent width of Hy and Ho divided by the 
equivalent width of H,8, versus the equivalent width of the A4640 N m emission. This 
Balmer ratio is particularly sensitive to partial filling in of the Balmer lines with 
emission (Sinnerstad 1961), an increase in this quantity indicating the presence of 
incipient emission. Figure 2 shows the variability in the Balmer ratio to be correlated 
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FIG. 2.-Correlation of Balmer absorption equivalent widths and the equivalent width of the 
M640 N III emission in HZ Her. 

with the strength of the N III ellllss10n: when the N III ellllss10n is strongest, the 
Balmer lines have the lowest equivalent widths, and hence the greatest filling-in. 

Our observations suggest that emission above the continuum might sometimes be 
visible at Ha. These observations also suggest further complications in the determina
tion of radial velocities from the Balmer and He I absorption lines. Joss et al. ( 1973) 
have noted the complexities introduced in the radial velocity analysis by a varying 
surface brightness distribution. Variable emission in the lines may cause variable 
asymmetries in the line profiles, with consequent distortions of the radial-velocity curve. 
It would appear that the metallic lines hold the best hope for precise radial-velocity 
measures, though their observation may be restricted to approximately half the 
orbital phase. 

This work was supported by NASA grant NGR 44-012-209. 
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