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ABSTRACT 
Her X-l was observed for 104 hr of good conditions in a search for TeV-range gamma rays, in 1986 May- 

July, at the Haleakala Gamma Observatory. On May 13 a burst of activity of approximately 15 minutes dura- 
tion was detected, with a period of 1.23593 + 0.00018 s. Although this period differs significantly from the 
pulsar period expected from X-ray observations, it is consistent with measurements of the periodicity of VHE 
and UHE gamma rays by other observers that summer. 
Subject headings: gamma rays: general — pulsars — X-rays: sources 

I. INTRODUCTION 

The Her X-l/HZ Her system is one of the best studied X-ray 
binary pulsar systems. The orbital parameters have been well 
determined by X-ray observations (Joss et al 1980; Deeter, 
Boynton, and Pravdo 1983) and the pulsar period of ~ 1.24 s 
has been measured using both direct X-radiation from the 
neutron star and secondary optical radiation presumed to 
originate from X-ray reprocessing in the atmosphere of the 
companion star (Davidsen et al 1972). 

While X-ray observations reveal that the average behavior 
of the period shows the familiar spin-up found in many accret- 
ing binary systems, from time to time significant deviations 
from the steady linear decrease of period have been observed, 
of magnitude several parts per million (Giacconi 1974). 

In addition to orbital and pulsar periodicities, the binary 
system exhibits a 35 day periodicity (Tananbaum et al 1972), 
with nearly all emission concentrated in two peaks that differ 
in intensity by roughly a factor of 2. The dynamical origin of 
this periodicity is not yet well understood, although it has been 
attributed to precession, either of the neutron star (Trümper et 
al 1986) or of the accretion disk of matter from the companion 
star (Katz 1973). 

Episodes of TeV gamma-ray emission from Her X-l have 
been reported by several observers (Dowthwaite et al 1984; 
Baltrusaitis et al 1985; Gorham et al 1986a, b). The distribu- 
tion in orbital and 35 day phases of these emissions is shown in 

1 Supported in part by United States Department of Energy contracts 
AC02-76ER01428, AM03-76SF00235, AC02-76ER00881, and by the Wiscon- 
sin Alumni Research Foundation. 

Figure la. The episodes of emission are all confined with the 
“ on ” phases of the 35 day periodicity. 

II. OBSERVATION 

The Haleakala Gamma Observatory (HGO) (Resvanis et al 
1988) logged 132 hr of observation time on Her X-l between 
the months of May and July in 1986. After rejection of 
weather-affected data, 104 hr were selected for analysis. The 
range of orbital and 35 day phases covered by these data is 
shown in Figure lb. 

The HGO telescope detects gamma-ray atmospheric cas- 
cades above ~200 GeV primary energy by means of their 
atmospheric Cerenkov radiation. It is provided with two 
identically instrumented apertures, one of which was directed 
at the source, and the other separated from it by 3?6 in decli- 
nation to monitor background. In the search for signal, both 
on-source and off-source data were treated identically. 

in. ANALYSIS 
For purposes of analysis, data were subdivided into seg- 

ments of 15 minutes duration, chosen as the shortest interval 
likely to yield a statistically significant signal at the fluxes 
reported by other TeV gamma-ray observers. Event rates in 
both apertures were fitted to a three-term Legendre poly- 
nomial in zenith angle to establish a baseline for detecting 
fluctuations. In addition, a Rayleigh test for pulsar periodicity 
was performed, with 17 trial periods centered on the expected 
X-ray period. These represented only three Fourier- 
independent periods, i.e., periods separated by Sp = p2/t, where 
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p is the period and t is the duration of observation. Thus the 
period search represents an “ oversampling.” 

The largest on-source signal, with Rayleigh parameter 
z = 12.79, was found in an interval starting at 13h35m40s98 
UTC on May 13, at orbital phase $orb = 0.81 and 35 day phase 
estimated at (¡)35d = 0.22. The event rate in this interval was 
above the baseline by 6%, or 1.4 standard deviations. Though 
the value of z would be the mean value expected for a signal in 
excess of 20% of the background, the two tests are statistically 
compatible. 

The power spectrum is shown in Figure 2a, and the light 
curve, in Figure 2b. The excess above background corresponds 
to a flux of ~5 x 10-10 cm-2 s_1, which is within the range of 
fluxes reported in earlier observations. The power spectrum is 
extended to 10 Fourier-independent periods for purposes of 
illustration. 

The observed period of 1.23593 ± 0.00018 s is 0.15% lower 
than 1.237778 s, the value expected by extrapolation from the 
most recent X-ray ephemeris. Our measurement is, however, in 
excellent agreement with an observation at the Whipple 
Observatory in 1986 June (Lamb et al. 1987). An episode 
observed at the Cygnus Air Shower Array in 1986 July (Dingus 
et al. 1987; Protheroe 1987) is also consistent with this reduced 
period. The Cygnus array has an energy threshold above 10 
TeV, two orders of magnitude higher than that of the HGO 
telescope. Measurements of secondary optical emissions from 
HZ Her were taken on three different occasions during 1986 
(Middleditch 1987) and the observed periodicities were within 
5 x 10"5 s, or four parts in 105, of the extrapolated X-ray 
period. These results are compared to X-ray and earlier 
gamma-ray observations in Figure 3. 

As a test against the null hypothesis, we calculate the prob- 
ability W that our result represents a random fluctuation in the 

rate of hadronic cosmic-ray events: 

W = Q(1- In Q), 
where 

0 = [l-(l-Pl)*]P2. 
Here pl is the probability of obtaining z > 12.73, p2 is the 
probability of obtaining a rate excess larger than 1.4 <r, and N 
is the number of independent trial searches performed. Our 416 
intervals were each sampled over a range of three Fourier- 
independent trial periods. Monte Carlo studies of statistical 
fluctuations in the Rayleigh parameter (De Jager 1987) indicate 
that oversampling the period by a factor of 6 carries a sta- 
tistical penalty of about 3, i.e., the effective number of trials is 
about 3 times the number of Fourier-independent periods. 
Thus iV « 3 x 3 x 416 = 3744. This yields a total chance 
probability oï W = 6.8 x 10 “3. By contrast, the lowest value 
of W for any of the off-source intervals was 0.385. 

In summary, we observe VHE gamma rays from Her X-l 
with a period that is incompatible with the extrapolated X-ray 
pulsar and observed optical periods, but compatible with other 
VHE and UHE gamma-ray observations within a few months 
of ours. The shift is two orders of magnitude greater than the 
transient changes observed in X-rays, and 2.8 times the 
maximum orbital Doppler effect, so it seems unlikely that we 
are directly observing the pulsar period. It may be possible that 
the secondary mechanism that produces this shift operates pri- 
marily during the brief episodes of VHE gamma-ray emission 
that surpass the detection threshold. Episodes with period 
deviations this large may have been present in earlier observa- 
tions, but were missed because the period search had too 
narrow a range of trial periods. It may prove useful to reexa- 
mine old data on this source. 

SYMBOLS: 
* - Baltrusaitus et al. 1985 
* - Resvanis et al. 1987; this paper 
w - Dingus et al. 1987 
o - Gorham et al. 1986a,b; Gorham 1986 
□ - Dowthwaite et al. 1984, Chadwick et al. 1987 

35 DAY PHASE 
Fig. 1.—(a) Observations of TeV gamma rays from Her X-l. Note the relative absence of detections in the “ off” regions of the 35 day cycle, (b) Orbital and 35 day 

phase distribution of observation times at HGO in 1986 May-July. 
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Fig. 2.—(a) Power spectra on and off source for gamma-ray burst; (b) Histogram of data folded with period 1.23593 s. The upper curve was derived from the data 
in the lower by the normal kernel density estimator method (de Jager 1987). 
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SYMBOLS: 
* - Baltrusaitus et al. 1985 
x - Resvanis et al. 1987; this paper 
w - Dingus et al. 1987 
o - Gorham et al. 1986a,b; Gorham 1986 
□ - Dowthwaite et al. 1984, Chadwick et al. 1987 
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Fig. 3.—Distribution of measured periods for Her X-l in TeV gamma-ray detections 
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