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Abstract. Observations of Centaurus X-3 were made by theonly) X-ray binary to have subsequently been detected as a
University of Durham Mark 6 telescope over a three year pe-source of E> 400 GeV~-rays by an imaging ACT (Chad-
riod from 1997 to 1999. A detailed timing analysis of the wick et al., 1998, 2000), the University of Durham Mark 6
observations has been performed. A search for modulatiotelescope (Armstrong et al, 1999).

of they-ray signal at the pulsar orbital period, as well as for

any short-term (few hours) episodes)yefay emission with a

periodicity near, but not necessarily coincident with, the pe-2 The Data

riod of X-ray pulsations has been carried out. The results are

presented in the context of several possible emission scenaf2Pservations of Cen X-3 were taken with the Mark 6 tele-
i0s. scope over a period of three years (in March and June 1997,

March and April 1998 and February 1999) yielding2 hours
of ‘on-source’ data for analysis. Previous analysis showed
the system to have a weak, but persistent, flux of
1 Introduction F(> 400GeV) = (2.8 £ 1.45ys £ 0.65ta) x 107 Hem=2 571
(Chadwick et al., 2000). No modulation of the signal at the
Cen X-3 is an accreting high mass X-ray binary system con-orhital or pulsar period was found. A more detailed timing
sisting of an O-class star being orbited by a 4.8s pulsar inanalysis has subsequently been undertaken. The ephemeris
a 2.1 day orbit. The parameters of this binary system haveised was that of Nagase et al. (1992).
been extensively studied since its discovery in the 1970’s,
but particularly in the last few years with the BATSE instru-
ment on theCGROallowing the day to day variation of the 3 The Timing Analysis
spin period to be observed. . .
Cen X-3 has been detected in the high energpy do-  3-1 Orbital Modulation
main (E> 100MeV) by EGRET (Vestrand et al., 1997). Anal- ) i ) ,
ysis of data taken in October of 1994 showed a modulation'r_nportant mformatlon_about the plausible site and mecha—
of the v-ray signal at the BATSE determined X-ray period, nism of v-ray pr(_)ductlon can be gleaned from_testmg for
but no orbital modulation of the signal (with 1/4 ofrays possible correlatlops of the-ray flux _a'?d the O”?'t"’_" phgse
being observed during eclipse). It was not seen at any otheP! the pulsar, particularly because it is an eclipsing binary
times of observation and is therefore supposed to be a varizEmd the neutron star's companion IS avery luminous star. X-
able source of high energy emission. ray observations show a deep eclipse of Qen X-3 for phase
VHE gammarays (B> 1 TeV) from Cen X-3 were first re- 9] < 0'12'. Bednarek (2090) shows that in th_e case,of
ported from observations with non-imaging telescopes by th ay production near the orbit of.Cen X-3 the optical depth of
Durham group (Brazier et al., 1990) and the Potschefstroom HE 7-rays on the thermal optical/UV phqtons c.)f t_he com-
group (North et al., 1990). These telescopes had poor senska 'o! star varies from,, ~ 10107, ~ 1 with variation of
tivity to steady emission, with-ray signals extracted mostly Ort.)'tal phase).12 S. 2] < .0'5' In th|§ case a strpng corre-
on the basis of timing analyses and the observations are su gtion (.)f the’_y-rgy s_lgnal with the echpse phase IS €x _pected.
ject to controversy concerning the reliability of X-ray binary here is no indication of any correlation of the significances

detections (Weekes, 1992). Cen X-3 is the first (and so fan o-ray S|gn_al with Qrb'.t".’“ period in our datq set; n fact the
episode of highest significance occured during eclipse of the
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Fig. 1. Rayleigh test results applied at the half period on the ‘soft Fig. 2. Bayesian test results for the same data set as figure 1. Any
cut’ data from 21/2/99, with brightness1500. The probabilities  Logio(Bayes odds) value above 0 supports a modulated signal hy-
have not been adjusted for degrees of freedom. pothesis more than the null hypothesis.

3.2 Pulsar Periodicity Analysis We have first applied the standard Rayleigh test statistic
) ) ~_on the data of each individual night of observation after full
E_arller analysis of the dataset showed no long term per|0d|qmage parameter cuts have been applied. This analysis did
signal from Cen X-3 (E> 400GeV) centred on the site of 4t reveal any significant Rayleigh power, however this is to
X-ray emission. In this analysis we have considered the pospq expected as we see from the above discussion. Taking
sibility of short term, variable emission (as was the case foryo average ‘on-source’ observation time to be 1.5 hours and
results obtained with earlier, non-imaging telescopes) thatne computed flux from Cen X-3 then the mean number-of
may not be coincident with the site of X-ray emission. For rays for a detector with a collection arealof cm? and 50%
this analysis the event times were adjusted to the solar SySsfficiency (Chadwick et al., 2000) is130. Monte Carlo
tem barycentre, but not to the site of X-ray emission. In-gjmyjations indicate that the fraction gfrays passing full
stead a larger range of trial periods was searched, aIIowmg;mage parameter cuts is20%. For a typical count of 400
for a doppler slhlfted source of VHErays up to speeds of  ayents in a night's data after image cuts have been applied
v ~1200 kms ™. The search was conducted at both the pe-qpjy 25-30 of these could be pulsedrays. The expected
riod and half period, due to the inability of the Rayleigh test Rayleigh power would only be- 400 x (25/400)2 ~ 1.6;

to cope with light curves with a double peak separated by qrresponding to a chance probability of P = exp(- Rayleigh
in phase; a trait occasionally observed in Cen X-3's X-ray nower)~ 0.2.

light curve (Tuohy, 1976; Nagase et al., 1992; Burderi et al.,
2000).

The Rayleigh power is defined asR? whereN = B+G
is the total number of event® is the number of background
cosmic-ray events(7 is the number ofy-ray events and?
is the ratioG/N. Any cuts made will affect the number
of v-ray events § = FG) and background cosmic ray
events § = FpB). TakingQN.w = b+ g = FgB + FeG;
Reut = g/Neut; andFg B > F G the Rayleigh power then
approximates to

To acheive the maximum number ofrays we have ap-
plied, in succession, a series of significantly ‘softer’ image
parameter cuts. Removing, at the first step, only those events
with orientationa > 45° from the raw data reduces the num-
ber of cosmic ray induced events by a factor of three, but
does not significantly affect the number-gfay events. The
next subset was prepared by applying the width and eccen-
tricity parameters and by confining the location of the im-
age in the camera (parameter distance). This procedure is
rather efficient at suppressing cosmic ray events by a factor
F2 G2 of ~8-10, although it may remove someray events as well.
B Lastly, we searched for periodicity after discriminating for

B the brightness of the image 800 and>1500 digital counts),
Only the first term is affected by any cuts and this is to bethis procedure effectively increases the energy threshold by
maximised in order to obtain the greatest sensitivity in a pe-a factor of 2 and is useful only if the-rays have a harder
riodicity search. Imaging is a very strong way of discriminat- spectrum than that of cosmic rays. It is suggested through
ing against a large cosmic ray background signal, but at theheoretical predictions that the spectra from X-ray binaries
expense of losing a number of theray events that are being may be anamolously hard due to their absorption on the ther-
searched for in the first place. With the low flux of VHE mal optical/UV photons produced either by the compgact
rays from objects like X-ray binaries any lossyefay events  ray source (Aharonian and Atoyan, 1991, 1996), or by the
is counter productive in a periodicity search. optical companion star in the case of Cen X-3 (Bednarek,

(NRQ)Cut ~
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2000). few hours. Fory-rays of E> 100 GeV which are produced

The detailed analysis of these data-sets has revealed a stredarge distances this is practically a model independent re-
Rayleigh power peak in the ‘soft-cut’ data-set with bright- quirement; howevery-rays with E< 10 GeV can escape
ness>1500 for the observation on the 21st Feb. 1999 at afrom this binary when produced relatively close to the X-ray
period of T = 2.3999s. This peak corresponds to a chancgulsar. At these energies the detection of pulsedys in
probability of P = 6.9x10~7 (see figure 1). Due to the large the eclipse stage of the X-ray pulsar would therefore be very
period range tested and the number of data subsets analysétformative.
the likelihood of this peak arising by chance increases when Image parameter cuts have traditionally been derived to
taking the number of trials into account te<P5.4 x 1073, maximise the DC signal from a steady, standard-candle ob-
This period is blue shifted from the nominal second harmonicject; a description that fits the Crab Nebula for those obser-
of the X-ray period §/2 = 2.4088s (the BATSE derived X- vatories lucky enough to have it in their sights. This work
ray period corrected for orbital motion at an orbital phase ofshows that the hard image parameter cuts used for maximis-
& ~ 0.77) and implies, if genuine, a motion of theray ing y-ray significance can become destructive in a search for
source with respect to the neutron star with a velocity v ~-ray periodicity. With the low flux of VHEy-rays from ob-
1200 kms'!. Note that the orbital speed of the Cen X-3 pul- jects like X-ray binaries any loss afray events is counter
sar is 414 kms! and the speed of the wind driven by the productive in a periodicity search. It is therefore necessary
companion is~ 1000 kms'! (Clark et al., 1988). to relax any cuts made to allow the greatest numberiafys

In an attempt to gain better control of the hypothesis test-through the selection procedure.
ing the analysis was repeated using a Bayesian technique Another informative feature for Cen X-3 and X-ray bina-
(Gregory and Loredo, 1992; Orford, 2000). The attractive-ries in general could be the nature of the spectrum — in par-
ness of the Bayesian technique is that the overall probabilititicular a very hard spectrum at both high (GeV) and very
of the hypothesis of a time-modulated signal does not scaléigh (TeV) energies. This is consistent with, if not conclusive
linearly with the number of trials as in the Rayleigh test, but from, our data when making cuts for brighter (and therefore
with the In(period range searched). The periodicity searchhigher energy primary photon) images.
is therefore only penalised by the fact that the period is un- It is hoped that future observations with the next genera-
certain within a range and not by the number of times thattion of y-ray observatories, such as GLAST in the high en-
region is searched. Using the Gregory and Loredo methodgrgy domain and HESS in the very high energy region, will
the peak for the 21/2/99 data was again found at the periodidy up any lasting uncertainties about the nature,ofiys
T = 2.3998s at Nags = 1.2 x 10* more probable than a from X-ray binary objects.
uniform distribution in time, see figure 2.
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