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A NEW MEASUREMENT OF THE HER X-1 X-RAY FULSE PRDFILE
5., 8. Holt, E. A. Boldt, R. E. Rothschild*, and P. q. Serlemitsos
Laboratory for High Energy Astrophysics ‘
NASA/Goddard Space Flight Center
Greenbelt, Maryland 20771
ABSTRACT
We have measured a triple—peaked 1.24 sec. pulse profile in a 1- -
minute rocket borne exposure to Her X-1, in contrast to the double-
peaked profiles expected from models which maximize the X-ray emission
at the magnetié equator of an accreting neutron star. The profile
exhibits statistically significant energy dependence, with the emission
2> 12 keV having narrower peaks which lag (by approximately 5% of the
pulse period) the corresponding peaks at lower energies. Approximately

one-third of the total emission from the source is non-pulsed.

Subject headings: collapsed stars -- pulsars -- X-réy'sdurces -= binaries

Her X-1 was observed in a rocket-borne experiment.launched from
Wwhite Sands, New Mexico at 0340 UT on 4 October 1973. Two coaligned
proportional counters with total net area 1360 cm? viewed the source
for approximately 58 seconds. One of the counters was filled with
1.1 atm 90% argon-10% methane, and possessed a mechanical collimator
which limited its field of view to 2°x8° FWHM; the other was filled
with 1.1 atm 90% xenon~10% methane, and possessed a 3° FWHM circular

collimator. During the entire exposure, the pointing was held to + 10 sec.

by the rocket guidance system, so no tempofal variationg in
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the counting.?éfermay békattriﬁugaﬁlé-t; jitLe;;igﬁghé fock;fﬁgétitude.
Using the 1.700165d and 35.7d periods given by Glacconi et al. (1973)
and the reference';pochs df Tanaﬁﬁaum eﬁAal. (ié?i},‘the present
exposure corresponds to a phase of 0.6 +0.03 in the 1.7d eclipse
period (referenced to minimum center), and is close to the center of
the ~ 1/3 duration on-state of the 35.7d variation.

“» The .data were searched for periodic components using fast-Fourier . .
and fast-fold algorithms, as described in Holt et al. (1973). At 99%
confidenéé, no periodic components down to ~ 1 msec. were.detected,a;;,u,
a level exceeding a pulsed fraction of ~ 10% which were not directly
attributable to the 1.24 gsec. variation. The latter periocdicity was .
detected at an appérent period of 1.2372 +.001 sec., with the uncer-

* tdinty being a function solely of the small number of pulse periods -
in the exposure. The ultimate temporal resolution of the.telemetry
record, 320 usec, could not be usefully applied to variations .om a
time 'scale as large as 1.24 sec. .

In Figure 1, data from precisely 44 periods are folded modulq
the apparent period of 1.2372 sec. All seven traces are without
background subtracted, and the appropriate background level is noted.,
in each case. The uppermost trace is the total count accumulated in
the entire record, with a temporal resoclution of 12.4 msec. (i.e. 1% :
of the pulse period). The next two traces are the same data from
only the first and last quarters of the exposure, respectively. Also
plotted are the data in four different energy bins for the entire 44

periods: 1.5-3 keV, 3-6 keV, 6-12 keV and 12-35 keV.. Of these four,



only the two intermediate energy windows have relatively flat
responses, over thelr entire range. Because counter characteristics
bias the response functions of the other two energy ranges, ﬁe have

labelled these two traces < 3 keV and » 12 keV to reflect thé-higher

h
efficlency at the noted window extremes. "

Chi-square tests verify the visual indication from the tﬁrée
uppermost traces of Figure 1 that there is no apparent systemétic‘
- variation in the overall pulse profile during the ~ 1 minhtg bf datg
accumulation. Relative staﬁility of the pulse ﬁrofile on this time
scale has been previously noted by Doxsey et al. (1973), and bf-Giacconi
et al. (1973). Similarly, the general pulse features are ggossly
consistent with the light curves published by these two groups,, as can
be observed fr;m Figure 2. The present data (trace D) contaih1a br;ad
(~ 2/570f the pulse period) double-peaked emisgsion feature,.;ﬁd an
"interpulse” ~ 180° out of phase with the primary emission. Doxsey
et al. have reported a similar double-peaked primary (with phase
separation ~ 90°, as in the present data), but no distingﬁisﬁable inter-
pulse (trace Cj. Giacconi et al. (1973) have reported two ~:one—
minute exposures separated by about 1 1/2 hours. The eﬁrlief of these
(trace B) is qualitatively similar to the Doxsey et al. ﬁeasérEment,
except that the phase separation of tﬁerpulses is pnly ~ 605. The
other (trace A) has a single—peaked maiﬁ emissipn feature, with én inter-
pulse ~ 180° out of phase which 1s lacking in the earlier exposure.

Owing to the extended energy response and low nonuﬁef X-1 Eack—
ground of thg present measuremept? tﬁe data méy be inveséiéaéed in
greater detail’ than previously pgssible with respect to the.éﬁergy

dependence of the pulse profile. The four lower traces of Figure 1

P
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give the general indicatione that emission at higher emergies is both
better defined (i.e. narrowetr pulses) and lags in phase with respect-
to emission at lower energies. This latter effect is demonstrated
in Figufé 2, where the € 3 keV, 6-12 keV‘and p-] 12 keV profiles are
compared with that of 3-6 keV (which of the four ranges, should
most clogely replicate the UHURU detector response). The observed
3-6 keV pulse profile is plotted for reference (with background sub-
tracted) in units of the fraction of the total emission in each of
the 25 bins into which the pulse profile has been divided (i.e. the-
total area of the exhibited pulse profile is unity). The other three
profiles are plotted as decrements with respect to the 3-6 keV profile,
in units of the number of Poisson sigmas which characterize each
point. If, in the 1'th light curve bin, the fraction of the total
Her X-1 emission in the 3-6 keV range is g, and in another eﬁergy
range is f; {(with the errors after background subtraction being
8gq and'éfi, respectively), what is plofted in Figure 3 is:

S, = g~ ¥
A T

Al11 deviations in excess of 1o have been shaded to aid the eye in

' : R & 5

determining the general trends.

The » 12 keV trace clearly exhibits deficlencies with respect to
the 3-6 keV profile at the leading edge of all three peake in the
profile. 1In addition, there is a définite excess at the trailing edge
of the first peak in the primary component. With respect to the peak
positions alone, there appears to be a phase lag of ~ 5% of the pulse

period in the 2 12 keV emission relative to that in the 3-6 keV band.
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The 6-12 keV trace exhibits much better agreemient with 3-6 keV -,
than does 7 12 keV, but the largest deviations are consistent with
the largest deviations in the higher energy compariscn: excess.
emission at the trailing edge of the first primary peak, and an
emission defiéiency'at the leading edge of the second. primary. peak.
The < 3 keV trace exhibits two effects which may each be sep~ -
arately interpretable. The largest decrement is at the trailing
edge of the second primary peak, which is consistent with the syste=
matic energy dependence discussed above. The decrement at the leading -
edge of the first primary component peak is not: the & 3"keV;riseﬂ
“time to -this peak is more sluggish than in the range 3-12 keV. '‘Doxsey. =
et al. (1973) and Glacconi et al. (1973) have pointed out that the’
‘primaIY~c0mponeht peaks in their measurements have a rise time -larger
than thé fall time (particularly for the second primary peak); ‘In. = >
the?ﬁrésent'case,'the second parimary peak is not well-enough: defined .
to déetermine its rise time, but the first primary peak appears toé have.
a rise time which exceeds its fall time only for the extreme energy - ..
ranges < 3 keV and > 12 kev. = : : C Col e
* "'All other fluctuations in Figure 3 are consistent with statistical
variations. 1In particular, the excess in all three.comparisons at the
trailing edge bf the interpulse may arise from a statistical fluctuation
in the 3-6 keV profile and, since this (rather than a smoothed profile)
was"subtracte&-to produce the three comparison traces, a modest excess
for all of them in this bin is not surprising. |
" There appe€ars to be a substantial "non-pulsed” component ‘to the
source emissiorn during the present exposure. If we assume that the

lowest bin in the 3-6 keV trace of Figure 3 is non-pulsed, the total



fraction of the light curve which 1g iIncluded in this non-pulsed
component is 0.36 #0.05. There is no statistically significant
energy dependence (as defined in Eq. 1) to this baseline intensity.

We measure an overall energy spectrum (the details of which will
be presented elsewhere) consistent with previously reported Her X-1...
high-state spectra. The relatively flat (~E~!) continuum with a
pronounced deficiency above ~ 20 keV (as reported by Ulmer et al.,

1973) may be reconciled with accretion models in which the X-ray ; -
emission is produced in a relatively small volume above the stellar

poles. The observed continuum is then the integrated emission from

the source "layers" transported through the gas in the source neighborhood
up to the ~ 20 keV energy corresponding to free-fall to the base of the
source region. 1In Davidson's (1973) discussion of such a model, he points
out that since a layer deeper in the source is predominantly responsible
for higher emergy emission, it might be expected that such emission will
have narrower peaks in the pulse profile. The phase lag we observe at
higher energlies may be a manifestation of the same effect. Simiiarly,

the non-zero baseline and the sluggish rise of the main peak at lower
energies may be ultimately attributable to the detailed photen transport
from the emission region.

While there remain many unresolved issues for the Hz Her-Her X-1
system as a whole, with regard to only the pulse profile there would
appear to remain two problems for which the typé of model discussed above
has no obvious qualitative explanation: the observation of more than
two peaks in the present measurement, and the variation in pulse profile

on time scales of hours or less.
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Fig. 1

Fig. 2

Fig. 3

FIGURE CAPTIONS
The present data folded modulo 1.2372 sec. The three
uppermoét traces are all photons detected in the energy
range 1.5-35 keV for all 44 pulse periods, the first 1l
periods, and the last 11 perioeds, respectively. The.
remainiﬁg four traces are data from all 44 pulse periods
in the indicated energy ranges. The non-Her X~-1 background
for each trace is indicated with ? B.
1.24 sec. light curves from three different experiments in
comparable energy ranges. Traces A and B are taken from
Giacconi et al. (1973), and are each ~ one-minute UHURU
exposures separate by ~ 1 1/2 hours. Trace C is taken from
Doxsey et al. (1973), and Trace D is the present data (the
same as the heavily shaded trace of Figure 3). The phases of
Traces C and D have been chosen arbitrarily with respect to
those of A and B.
Background~subtracted 1.2372 sec. light curves In the four
energy éanges considered,wés described in the text. The
heavy-shaded trace is the 3-6 keV profile normalized so that
its total area is unity. The remaining traces are plotted
as the difference between the similarly normalized profiles
in the indicated energy ranges and the 3-6 keV profile, in

units of Poisson sigmas. All variations in excess of 1lo

are shaded to aid the eye in the determination of general trends.
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