
Search for TNO Occultation in X-rays

Hsiang-Kuang Chang

Institute of Astronomy and Department of Physics
National Tsing Hua University

Hsinchu, Taiwan







Why X-ray occultation?

faster photometry
less diffraction

shorter events smaller bodies better chance to detect

* The background X-ray source needs to be bright enough.

* Sco X-1 is the brightest in the Sky.

* RXTE/PCA has the largest effective area.

* The typical PCA count rate of Sco X-1 is 105 cps.
* Detection of msec time-scale occultation is possible.





In the first attempt……

RXTE/PCA data of Sco X-1, 1996-2002, 564 ksec
(Chang et al. 2006, Nature 442, 660;
Chang et al. 2007, MNRAS 378, 1287;
Jones et al. 2008, ApJ 677, 1241)

* 107 significant dips were found.
* There are signatures indicating that most, if not all, of

them could be due to some possible instrumental
effects, which are previously unknown.

* Those signatures allow 10% of the dip events to be
non-instrumental.



* The RXTE/PCA data used in this search spans over 7 years from 1996 to 2002.
The total exposure is 564.3 ksec.

In the 564-ksec data, 107 events were found.







RXTE PCA Very Large Events (VLEs) are those events which deposit more than
100 keV in any one of the 6 active xenon layers or the propane layer.









Light curves of the 12 probable non-instrumental events
(no anomaly in ‘remaining’and ‘VLE’counts)



To pin down the distance and the size of each occulting body more accurately
for all the events is an important issue but requires further analysis on the
dead-time-corrected light curves, diffraction patterns and different orbital
inclinations and eccentricities.

For an approximate estimation of the occulting-object sizes at this stage,
we contend ourselves by considering a typical relative speed of 30 km s−1

between the occulting TNOs and RXTE and a random crossing through the
shadow. The average crossing length of a random crossing is π/4 times that of
a central crossing, assuming a circular shadow.

We therefore set the size range of these 12 objects to be from 60 to 100 m for
durations from 1.5 to 2.5 ms.







In the second attempt ……

RXTE/PCA data of Sco X-1, 2007/2008/2009, 240 ksec
(Liu et al. 2008, MNRAS 388, L44;
Chang et al. 2009, in preparation)

* New event modes for recording the so-called ‘very large
events’(VLEs) were designed, in the hope to identify
clearly the instrumental effect associated with dip events.

* The arrival time of each VLE is recorded with
125-μs resolution. The identification of anodes
which detect the recorded VLE is also known.



The RXTE/PCA VLE types

According to the number of anodes triggered, we classify
VLEs as the following:

Type A: no anodes are triggered!!!
Type B: all anodes are triggered.
Type C: more than one but not all are triggered.
Type D: only one anode is triggered.

The average count rate is
for all VLEs 90.5 ± 19.2 counts per sec per PCU;
for Type A 1.73 ± 0.29 counts per sec per PCU;
for Type B 34.5 ± 11.2 counts per sec per PCU;
for Type C 44.8 ± 9.80 counts per sec per PCU;
for Type D 9.44 ± 2.27 counts per sec per PCU.

RXTE PCA Very Large Events
(VLEs) are those events which
deposit more than 100 keV in any
one of the 6 active xenon layers or
the propane layer.



The RXTE/PCA dip events

39 ‘significant’dips are found in the 240-ks data
(June 2007 –Oct 2009).

According to the types of VLEs detected ‘near’the dip event
epoch, we classify dip events as the following:

Group A: with Type A VLE
Group B: with Type B VLE
Group C: with Type C VLE
Group D: with Type D VLE
Group E: no VLE
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The RXTE/PCA dip events

253 ‘less significant’dips are found in the 240-ks data
(June 2007 –Oct 2009).

According to the types of VLEs detected ‘near’the dip event
epoch, we classify dip events as the following:

Group A: with Type A VLE
Group B: with Type B VLE
Group C: with Type C VLE
Group D: with Type D VLE
Group E: no VLE
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Assuming a Gaussian distribution, the number of bins with counts less than 5σ
below the average is about 34.4, for 2-ms bins in 240-ks data.



β=0



β=0.33



The most recent result is like this …

From RXTE/PCA data of Sco X-1, 2007/2008/2009, 240 ksec
(Liu et al. 2008, MNRAS 388, L44; Chang et al. 2009, in preparation)

* 39 significant dips were found, but 36 of them are associated with some
particular types of VLEs, whose presence indicates instrumental effects.

The remaining 3 deserve further investigation.

* 253 less-significant dips were identified, 219 of which are associated with
those particular VLEs. The remaining 34 are consistent with random fluctuations.

In the future

ASTROSAT/LAXPC observation of Sco X-1 ???
AXTAR, 10 times more sensitive than RXTE ???




