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Time-dependent analysis of Hercules X-1 observations with the
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Abstract. The X-ray binary 'Hz Her/Her X-1' was mon- ple collaboration reported many observations with evidence
itored with the stereoscopic system of five imaging atmo-for pulsed emission (see Gorham et al. (1987) for a sum-
spheric Cherenkov telescopes (IACTs) of the HEGRA Col-mary of the 1984-86 Whipple observations). In 1986 an out-
laboration &, > 0.5 TeV) from August 1999 to August burst was observed with the Haleakala Cherenkov telescope
2000. The 1999/2000 data have been collected during th¢CT) (Resvanis et al., 1988) with a measured period similar
anomalous low statALS) which ceased at the end of 2000. to that of a nearly contemporary observation by the Whip-
No DC signal has been observed. A search for a periodigle group. A simultaneous measurement of the Dugway CT
emission resulted in a periodicity at an orbital phaséQf, =  together with the Whipple CT on April 4, 1984, both with
0.078 for one run 20 min.) with a chance probability of evidence for pulsed emission at the same frequency, has also
~ 10~!. Further data are scheduled to be taken in 2001.  been reported by Chadwick et al. (1987).

Many of the measured VHE/UHE-periods showed a signif-
icant deviation of the corresponding X-ray period, mostly
blue-shifted by up t@.1 — 0.16 %. Nearly all possible de-
tections were made either during the Main-On or during the

. - . Short-On state of thg5 day cycle.

The X-ray binary Hz Her/Her X-1, consisting of an accretion- oy, 14 pe mentioned, that remarkable progess has been

powered X-ray pulsar Hercules X-1.8 M), which was . ) .
first discovered by Tananbaum et al. (1972), and its compan.[nade since these observations as regards the technique of the

ion star Hz Her 2.2 M), is a well studied object in a wide imaging atmosph_eric Cherenkov telescopes_; especially the
range of the electroma,gnetic spectrum. Besidesltbés v-hadr_on separanon_ which aII_ows an effec_t|ve background
pulsar period and the.7 d orbital period, the system shows reduction of hadron induced air showers (Hillas, 1985). Ap-

a35d cycle of varying X-ray intensity (Scott & Leahy, 1999) plylng these |mproyed techniques fo the egrller sets qf data
; . . ; partially lead to a disappearance of the periods found in ear-
which consists of two high-states td days (Main-On) anda | ) )
. lier observations (Reynolds et al., 1990). Hence the earlier
weaker one of days duration (Short-On), separated by two | .
; claims, even though there were many of them, should be
low-states. The35 day cycle is permanently measured by

the RXTE All Sky Monitor (ASM) since 1996 (RXTE team, ”ested with Fa;f'o”' 1664165 2 stead i as
2001). The lightcurve for the last three years is shown in OWEVET, In the years 4795 a steady excess with a sig-
Figure 1. nificance of3.3 ¢ from the direction of Hercules X-1 was

. measured with the HEGRA scintillator and AIROBICC ar-
Many~-ray observations of the source have been reported

) - __fay at an energy threshold &f;,, > 20 TeV (Prahl, 1999),
most of them in the years 1983 to 1986, often claiming evi which gave rise to further observations of Hercules X-1 with

dence for a detection in the very high energy (VHE) or some . )
even in the ultra high energy (UHE) range. The first Wasthe HEGRA IACT system which will be reported here.

the TeV detection of Hercules X-1 by the Durham group
(Dowthwaite et al., 1984), who reported3aminute burst .
modulated with thd.237 s pulsar period. This was followed 2 Observation
by a claim in the UHE range by the Fly’s Eye experiment on
July 11, 1983 (Baltrusaitis et al., 1985). Later on, the Whip-

1 Introduction

The observations of Hercules X-1 were carried out with the
stereoscopic system of five imaging atmospheric Cherenkov
Correspondence tayl. Beilicke telescopes (IACTs) of the HEGRA experiment (Daum et al.,
(matthias.beilicke@desy.de) 1997), located on the Canary island of La Palmiz 53’ W,
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Fig. 1. The lightcurve of theAll Sky Monitor(ASM) onboard the RXTE-satellite from Hercules X-1 for the years 1999-2001 (RXTE team,
2001). The times of the HEGRA observations are plotted as vertical lines; the dapmdi 1was taken during thanomalous low state
(ALS) and the observations &poch 2were concentrated on the high states ofiheay cycle (peaks in the lightcurve).

28°45' N, 2200m a.s.l.). The stereoscopic imaging of the 3 Data Analysis

Cherenkov light fromy- or hadron induced air showers al-

lows the non-ambiguous reconstruction of the shower coreThe HEGRA data consist of runs with) minutes of dura-
position and direction of the primary particle within an an- tion each. First, all the runs with triggerrates less tRaf
gular resolution ok 0.1° (Aharonian et al., 1997). Each of (mainly due to bad weather conditions) were excluded from
the five Cherenkov telescopes consists 8f48 m? segmen-  the analysis. Further on, iEpoch 2only the data which
tated mirror and 271 pixel photomultiplier (PM) camera; coincided with theHigh-On states of the5 day cycle were
the geometric angular field of view of one single PM and thetaken into account in the analysis in order not to weaken the
whole camera ar@.25 ° and4.3 °, respectively. statistical significance of a possible detection due to a high
A single telescope triggers when two or more adjacent pix-number of independent trials in the frequency searEnom

els show a signal corresponding Goor more photo elec- Epoch 1lall runs which survived the weather cut were se-
trons; the whole system triggers when two or more telescopdected for the analysis. After all cuts had been performed,
trigger reach the central station within a time window of about12 and 10 hours of data remained fdEpoch land
60ns (Bulian et al., 1998). The average system trigger rateEpoch 2 respectively. The mean zenith angles for the two
and the energy threshold of the IACT System ard6 Hz data sets areé4.3° (Epoch 3 and17.0° (Epoch 3, which
and E,,, > 500 GeV, respectively, for observations near translates into an energy thresholdff,, ; = 0.67 TeV and

the zenith. They- hadron separation is done by compar- Eiy,, » = 0.68 TeV, respectively.

ing the image parametenean scaled widtlimscw of the

parametrized ellipse of a recorded event image with values Each event which fell within @.22° circle around the
obtained fromMonte Carlosimulations (Aharonian et al., source position of Her X-1 which is given 85°20"33*
1997). Right Ascension and6"57™50° Declination and which
showed amscw< 1.2 (y-hadron separation) has been used
. . in the analysis. The results are still preliminary, because the
The observations of Hercules X-1 were performed in theefﬁciency of the Rayleigh test (1) used for the periodicity

so calledWobblemode (Daum et al., 1997), which allows :
. . _search strongly depends on the following two correlated pa-
a simultaneous background measurement. The observations

took place in the years 1999-(2h), 2000 - 12h) and rameters: the number of analysed event times and the signal-

2001 15 unt iy, 2001 and v sl e comimue, 271058 210 CULnerECRensusrgme
As seen in Figure 1 it is reasonable to subdivide the HEGRA 9 P

. . . . . . the amount of total events. An effective periodicity search on
observation (depicted as vertical lines in the plot) into two the other hand needs both: a good sianal-to-noise ratio and
distinct sets of data: The data taken during &m®malous -ag 9

low state1999/2000 (Coburn et al., 2000), further on de- ? Iartg%all)mountt oEeV(Iants. I-Ilep ce, thfetr? ptl;ma: QULVX'" tbs €s
noted a€Epoch 1 and the data taken in 2001 where the ALS Imated byMonte Carlosimulations of the Rayleigh test be-
has_ ceased, denoted_ Bpoch 2 Due to earlier reported !As mentioned above, from the outset the observations of
claims of UHE detection from Hercules X-1, the latter ob- Epoch 2were concentrated on the high states of 3helay cycle;
servations were concentrated on the high states afilday  put since the turn on time may vary up& d, an absolutely accu-
cycle which are recognizable as peaks in the ASM lightcurverate coordination was not possible in advance; however, only a few
shown in Figure 1. percent of the data runs were exluded by this selection criterium.
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haviour referring to these parameters (De Jager et al., 1989)L.8754 starting at April, 10 2000, 03:00 UTC, which corre-
The data oEpoch landEpoch 2were analysed separately sponds to MJD»1644.125, showed the most noticeable evi-
due to the distinct physical states of the Hercules X-1 systemdence; the probability distribution is shown in Figure 2. The
First a search for steady emission was performed on both dateesults of simultaneous off-source measurements from a re-
sets. Afterwards, each of ti#) minute runs was searched gion +1.0° or —1.0° in Declination away from the source
for periodicy in a[0.804; 0.81] Hz frequency interval after position are shown as dotted lines in this plot, too. The max-
the event times had been corrected to the solar system baignum Rayleigh power 08.40 occured at a test frequency of
center (SSBC) using the DE200 ephemeris of the JPL (JPL).80508 Hz and corresponds to a single chance probability
2001) and to the Hz Her/Her X-1 binary system using theof 1.19 - 10~%. The X-ray pulsar frequency was measured
orbital parameters of Deeter et al. (1991). The search foby the RXTE satellite for MJE$1373.1 to be(0.8079202 +
periodicity has been performed with the Rayleigh test which0.0000008) Hz (Vrtilek et al., 2001), so the periodicity of
is given by (Mardia, 1972): run 18754 is redshifted by abou.35 %2. It is interesting to
mention that the time of observation corresponds to an or-

~ 2 ~ 2 bital phase ofb,,;, = 0.078, which is near the time of egress
( cos 27r<1>¢(1/)> + ( sin 27rCI>i(1/)> 1

Rv)=—

Z Z from X-ray eclipse by the companion star Hz Her leaving the
N

Py = line of sight between the observer and the pulsar again.
Each test for periodicity was performed on runQ0omnin-

Here, N is the number of recorded events in a time se-utes duration searching in a frequency band®04 ; 0.81] Hz;
ries and®;(v) is the phase of théth event refering to a  thisyields a number df.2 independent fourier spacings (IFS).
test frequency. The Rayleigh power is defined &5(v) = Taking the number of trials into account (analysed runs), which
NR2?(v). For N > 50 the size2N R? is distributed as(? are 37 for Epoch 1 one gets - after multiplying the initial
with two degrees of freedom (dof); this allows an easy han-probability with a factor of3 for oversampling - an overall
dling of the Rayleigh statistics: the probability to obtain a chance probability 09.06 - 10~2 for the measured period in
Rayleigh powerk’ > K* is given byP(K > K*) = ¢ K~ run 18754. Additionally to the periodicity, a slight excess of
which allows a sufficient probability estimation. Faf <  1.20 was found in this run26 source and8 underground
50, however, this is not valid anymore (in most cases 2fia  events).
minute run, after the-hadron separation has been applied,
only around 10-30 events survived). For these cases Green- | .
wood & Duran (1955) gave a polynomical correction which ©  Discussion
is in good agreement with odMonte Carlosimulations. For
very small event timesV < 15, however, the polynomical
correction yields senseless results for large Rayleigh power
so we decided to take thdonte Carloresults for the proba-
bility estimation, which are the most reliable for the span of
event times occuring in this analysis.
The[0.804; 0.81] Hz interval was scanned with a frequency

stepsize oP0 steps per Independent Fourier Spacing (IFS)Due to the fact that the periodicity was seen for a long time

which yieldsAv ~ 4 - 10~° Hz for a 20 minute run. The durin i th ; roduction site aw.
oversampling was taken into account by a deductive overesticU'Md €CIPSE, they Sugges edyaay production site away

mation factor of3 for the probability of a particular Rayleigh from the X-ray production site, bepause h!gh.energy pgrncles
power (De Jager et al., 1989). For possible very significantCOUId.nOt penetrate the companion star’'s limb at this stat_e
Rayleigh powers, additionally a separéente Carloesti- of eclipse anym_org._querts etal. (1993). also reported_ew-
mation of the chance probability will be performed taking dence for a periodicity in the CT of Adelaide data occuring

into account the number of searched frequencies, the run gyt @ run which was taken duringor, = 0.877 _.0'007; thg
ration and the oversampling. measured frequency 06f80834 Hz was most evident during

.. = 0.93 — 0.974 with a chance probability of - 1073.

Two models of the companion star serving as a beam dump
are described in Weekes (1988) and references therein: The
interaction of high energetic particles from the pulsar with
the atmosphere of the companion star crossing the line of
sight is one possible mechanism, which would mainly oc-
as far as the latter was available already in calibrated form. CUr 8 ®or, = 0.2 and®,,, ~ 0.8. In another scenario the
The results of the time analysis are preliminary because ofharged particle beam of the pulsar separates matter from the
the not yet optimized event cuts for the periodicity search, a£ompanion which in turn serves as a beam dump itself.
mentio.ned in the preViOUS Section. The results OEbech 2 2Due to Sporadic Changes in the X_ray frequency’ especia"y
data will be presented at the conference. Some ruBpoth 1  during the ALS 1999/2000, an exact X-ray frequency for MJD
showed moderate evidence for periodicity whereas the rurs1644.125 could not be derived.

Although the overall chance probability of the measured pe-
Sriodicity is not significant, it is interesting to note, that two
€arlier observations have been reported with (stronger) evi-
dence for a periodicity at a similar orbital phase: A periodic-
ity of (0.808586+0.000027) Hz was measured by Gorham et
al. (1986) with the Whippe Cherenkov telescope during the
ingress of X-ray eclipse from,,,, = 0.914t0 @, = 0.962.

4 Results

In the search for steady emission no DC excess could b
found neither in the data &poch 1nor in the data oEpoch 2
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0.50508rif 1 242115 physical conditions of the binary system the data was sepa-

5
E a5 b — 82;:;;?5 e(:'sz) §° rated into tvyo distinct sets. The results presen_ted in this paper
;- S O E only comprise the data &poch land should still be treated
2 E > HEGRA data (preliminary) as preliminary. The ruri8754 (20 min.) out of Epoch 1
3 35 F g which took place atb,,;, = 0.078 near the time of X-ray
I A 0.0% -=---=- ‘% ””””””””””””” eclipse egress, showed the most conspicuous evidence for pe-
25 S i riodicy in the data. The overall chance probability, however,
P S L09 b FAR— i59.06 - 102,
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6 Summary

A search for periodic emission from the Hz Her/Her X-1 bi-
nary in the HEGRA data of the years 1999-2001 taken with
the system of five imaging air Cherenkov telescopes was per-
formed. Since the observations took place during two distinct



