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Version: 1.0

The Chandra Source Catalog (CSC) is a comprehensive list of X-ray sources detected by the
Chandra X-ray Observatory (CXO). Ultimately it is intended to be the definitive X-ray source
catalog of the CXO. To achieve that goal, the catalog will be released to the user community in a
series of increments with increasing capability.

CSC release 1.1 (CSC1.1)1 became available in August 2010. CSC Preliminary Release 2.0
(CSC2.0)2 became available in August 2015.

This memorandum reports a study of close pair sources and extended sources in the CSC2.0,
and intends to answer the following two questions:

• Are there actually single point sources listed as two or more separate sources in CSC2.0?

• Are there actually two or more separate point sources listed as a single source in CSC2.0?

1 The Chandra Source Catalog Release 2.0 (CSC2.0)

The Chandra Source Catalog Release 2.0 (CSC2.0) includes data from Chandra observations re-
leased publicly through the end of 2014. The images were reorganized. For multiple observations
of the same target region, if the aimpoints are within one arcminute, the images were stacked. The
newly organized images are called evt3 files. All the sources in the CSC2.0 were extracted from the
evt3 images. There are 5327 evt3 files for the CSC2.0. Sources from the same evt3 files are also
called from the same cohort. As of today (September 2016), CSC2.0 only includes sources with RA
in the range of 0–18 hrs.

The CSC2.0 contains 244382 entries3, with 166225 (68.02%) labeled as SRC QUALITY =
TRUE and 78157 (31.98%) as SRC QUALITY = MARGINAL. When split by EXTSRC CLASS,
there are 241036 (98.63%) detections with value of POINT, 2856 (1.17%) with EXTENDED, and
490 (0.20%) with POSSIBLE. The breakdown by EBAND - the energy band corresponding to
the measured values - there are 188493 (77.13%) broad band (b), 19135 (7.83%) hard (h), 17243
(7.06%) medium (m), 17591 (7.20%) soft (s), 250 (0.10%) ultra-soft (u), and 1670 (0.68%) wide
(HRC) band (w) rows. There are 212 detections with STREAK SRC FLAG = TRUE. Tables 1
and 2 give the detailed classifications of the CSC2.0 catalog

1http://cxc.harvard.edu/csc
2http://cxc.harvard.edu/csc2
3The file preliminary detlist.fits.gz posted on http://cxc.cfa.harvard.edu/csc2/preliminary actually

only has 241074 entries. The list used for this study is provided by Frank Primini. It has 3308 more entries.
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Close Pairs

Table 1: CSC2.0 Source Classification

Source Point Extended Possible Total
True 163459 2405 361 166225

Marginal 77577 451 129 78157
All 241036 2856 490 244382

Table 2: CSC2.0 Source Eband Classification

Source True Marginal
Eband Point Extended Possible Sum Point Extended Possible Sum Total

b 130401 1932 300 132633 55503 295 62 55860 188493
h 10613 87 26 10726 8352 37 20 8409 19135
m 10282 50 14 10346 6823 51 23 6897 17243
s 10997 226 21 11244 6268 57 22 6347 17591
u 187 4 0 191 51 6 2 59 250
w 979 106 0 1085 580 5 0 585 1670

All 163459 2405 361 166225 77577 451 129 78157 244382

2 Close Point Source Pairs

To answer the first question: “Are there actually single point sources listed as two or more sep-
arate sources in CSC2.0?”, we search for the close point source (EXTSRC CLASS = “POINT”)
pairs in the same cohort.4 We also consider additional criteria of SRC QUALITY = “TRUE” and
EBAND = “b”, which are the most abundant and secure sources. Also, we select sources with
off-axis (from the Chandra optical axis) angles θ ≤ 2′, to ensure the best PSF for point source de-
tections. Table 3 shows the number of close pairs (separation d ≤ 2′′) found under different criteria:
1) Point: both sources of the pair are of the type EXTSRC CLASS = “POINT”; 2) Point & True:
in addition to criterion 1, both sources are also of the type SRC QUALITY = “TRUE”; 3) Point
& True & Eband=b: in addition to criteria 1&2, both sources are also of the type EBAND = “b”.

Table 3: Close Point Source Pairs in CSC2.0

Source θ ≤ 1′ 1′ < θ ≤ 2′

Criteria d ≤ 1′′ 1′′ < d ≤ 2′′ d ≤ 1′′ 1′′ < d ≤ 2′′

Point 0 64 4 64
Point & True 0 54 0 55

Point & True & Eband=b 0 38 0 38

θ is the source off-axis angle; d is the separation between the pair.

As seen in Table 3, for off-axis angle θ ≤ 1′, there are no close pairs with separation d ≤ 1′′; for
1′ < θ ≤ 2′, there are only 4 close pairs with d ≤ 1′′, but in each pair, at least one of the sources
is of the type SRC QUALITY = “MARGINAL”. For off-axis angle θ ≤ 1′, there are 64, 54 and
38 pairs with separations in the range of 1′′ < d ≤ 2′′ under the three criteria, respectively; for

4The same source detected in different cohorts (most likely due to different off-axis angles) almost certainly have
slightly different coordinates, since the RA and Dec in CSC2 are given in more than 14 significant digits.
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1′ < θ ≤ 2′, the numbers are 64, 55 and 38, almost exactly the same as for θ ≤ 1′. Figure 1 shows
all of the CSC2.0 sources (blue dots) with close point pairs marked by red diamonds, for sources
with criterion 3, separation 1′′ < d ≤ 2′′ and off-axis angle θ ≤ 2′. There are 76 close point source
pairs from 49 cohorts, of which, 32 cohorts are from single obsids; 17 cohorts are stacked from two
or more obsids.

Figure 1: Chandra Source Catalog 2.0: Blue dots are the sources listed in the catalog (so far only
released sources with RA between 0 and 270 degrees); red diamonds indicate the locations of the
close point source pairs found. For sources in the same cohort, with EXTSRC CLASS = “POINT”,
SRC QUALITY = “TRUE”, EBAND = “b” and off-axis angle less than 2 arcminute. There are
76 pairs of point sources from 49 cohorts with separation less then 2 arcseconds.

Tables 4 and 5 list these 76 close pairs. Tables 4 lists 38 pairs with θ ≤ 1′; Tables 5 lists 38
pairs with 1′ < θ ≤ 2′. Figures 2 – 7 show 6 selected pairs with the highest counts. Obviously, each
close pair consists of two distinct point sources. Examining the rest of the pairs, we also arrive at
the same conclusion. So the answer to the first question is “NO”. There is NO single point source
listed as two or more separate sources in CSC2.0. In the same cohort, every point source has one
and only one entry in the catalog.
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Close Pairs

Figure 2: Close pair: Cohort: acisfJ0414376p053407, ID1: 32, ID2: 30. Blue circles are 1′′ in
diameter.

Figure 3: Close pair: Cohort: acisfJ0535165m052323, ID1: 2683, ID2: 3417. Blue circles are 1′′ in
diameter.
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Close Pairs

Figure 4: Close pair: Cohort: acisfJ0535165m052323, ID1: 2085, ID2: 2082. Blue circles are 1′′ in
diameter.

Figure 5: Close pair: Cohort: acisfJ1029089p262244, ID1: 125, ID2: 126. Blue circles are 1′′ in
diameter.
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Close Pairs

Figure 6: Close pair: Cohort: acisfJ0403487p261048, ID1: 1, ID2: 2. Blue circles are 1′′ in diameter.

Figure 7: Close pair: Cohort: acisfJ0631564p045625, ID1: 250, ID2: 249. Blue circles are 1′′ in
diameter.
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Close Pairs

3 Extended Sources

To answer the second question: “Are there actually two or more separate point sources listed as a
single source in CSC2.0?”, we search for extended sources (EXTSRC CLASS = “EXTENDED”)
in the same cohort, with additional criteria of SRC QUALITY = “TRUE” and EBAND = “b”.
There are 638 sources satisfying the above criteria. Table 6 lists the number of sources under these
criteria found in the regions of off-axis angle θ ≤ 1′ and 1′ < θ ≤ 2′ with different eccentricity5

Table 6: Extended Sources in CSC2.0

e θ ≤ 1′ 1′ < θ ≤ 2′ Sum
0.9−1.0 163 58 221
0.8−0.9 104 45 149
0.7−0.8 79 38 117
0.6−0.7 56 23 79
0.5−0.6 22 15 37
0.4−0.5 19 10 29
0.3−0.4 2 1 3
0.2−0.3 1 0 1
0.1−0.2 2 0 2
0.0−0.1 0 0 0
Total 448 190 638

e =
√

1− ( ext smin
ext smaj )2 is the eccentricity;

θ is the source off-axis angle.

There are different issues for the extended sources, most of them occur among the high eccen-
tricity sources. We discuss them separately below.

3.1 Double or Triple Sources Detected as Single Extended Sources, e > 0.9

Many extended sources with eccentricity e > 0.9 listed in CSC2 actually consist of double or triple
(mostly point) sources. For example, Figure 8 shows an extended source – acisfJ0913015p525934 001.0007,
which was observed only once with OBSID 8176. Both of its evt2 image and evt3 image, which was
used to detect the sources in the CSC2, show the source is actually made up from two point-like
sources. But CSC2 lists them as one extended source with e = 0.997. In the figure, The green
circle has an 1′′ diameter and centered at the source position given in CSC2. The blue ellipse,
also centered at the source position, has semi-major and semi-minor axes equal to 5 times of the
“EXT SMAJ” and “EXT SMIN” given in the CSC2, for clarity. All the extended sources in the
rest of the figures will have the same region reference.

Figure 9 is another extended source – acisfJ0042460p411550 001.0455. This source was observed
24 times. The figure shows one of the observations (OBSID 14196) and the stacked image of all
24 observations. Both of its evt2 and evt3 images show the source actually also consists of two
point-like sources. But CSC2 again lists them as one extended source with e = 0.954.

5For an ellipse with semi-major axis “a” and semi-minor axis “b”, its eccentricity is defined as e =
√

1− ( b
a

)2.
In CSC2.0, “a” and “b” are called “EXT SMAJ” and “EXT SMIN”.
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Close Pairs

Figure 10 is another extended source – acisfJ1424365p225555 001.0024. This source was ob-
served three times. The figure shows all three observations (OBSIDs 367, 1631 and 12801) and the
stacked image. All the images show the source is probably made up from three point-like sources.
But CSC2 again lists them as one extended source with e = 0.974.

Figure 11 shows another extended source – acisfJ1229467p080030 011.0976 at the lower left.
This source was also observed three times (OBSIDs 322, 11274 and 12888). The figure shows that
the source maybe made up from two or three distinct sources. But CSC2 lists them as one extended
source with e = 0.986.

So the answer to the second question is “YES”. There are actually two or more separate point
sources listed as a single extended source in CSC2.0.

3.2 Single Moving Point Source Detected as Extended Sources, e > 0.9

Sometimes a single moving point source can be detected as an extended source as a result of
stacking the image. For example, Figure 12 shows the images of a fast moving point source –
pulsar PSR J1308+2127, with high proper motion of 223 mas/y. This pulsar was observed twice,
5 years apart. So the coordinates of the pulsar in the two observations was about 1.1 arcsec apart.
But the stacked image put the two observed positions on the same image and CSC2 detected them
as a single extended source with e = 0.979, and the average position of the two observations as its
coordinate.

3.3 Image Process Changes Image Quality and Resolution, e > 0.9

Sometimes the process from evt2 to evt3 files changed the image quality and resolution. For
example, Figure 13 shows a source that was only observed once. But its images in the evt2 and
evt3 files are very different. The evt2 image show an extended source; the evt3 image show two
distinct point sources.

3.4 Extended Sources with Lower Eccentricity, e < 0.9

Most of the extended sources with lower eccentricity are true extended sources under the Chandra
resolution. Figure 14 shows one high eccentricity source (acisfJ0535165m052323 001.2698, e =
0.960) and many lower eccentricity (e < 0.9) sources. Only the high eccentricity source looks like
it is made up from two distinct sources. All the lower eccentricity sources look like true extended
sources.
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Figure 8: Extended source acisfJ0913015p525934 001.0007. This source was observed only once.
The top image is from the evt2 file of OBSID 8176. The bottom image is from the evt3 file used
by CSC2. The green circle has an 1′′ diameter and centered at the source position given in CSC2.
The blue ellipse, also centered at the source position, has semi-major and semi-minor axes equal to
5 times of the “EXT SMAJ” and “EXT SMIN” given in the CSC2, for clarity. Both images show
two distinct sources. But CSC2 listed them as one extended source with e = 0.997.
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Figure 9: Extended source acisfJ0042460p411550 001.0455. This source was observed 24 times.
The left image is from one of the observations (OBSID 14196). The right image is the stacked
image of all 24 observations. Both images show at least two distinct sources. But CSC2 listed
them as one extended source with e = 0.954.
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Close Pairs

Figure 10: Extended source acisfJ1424365p225555 001.0024. This source was observed three
times. The top left, top right left and bottom left images are from the evt2 file of OBSIDs 367,
1631 and 12801, respectively. The bottom right image is from the stacked evt3 file used by CSC2.
The images show possibly three distinct sources. But CSC2 listed them as one extended source
with e = 0.974.
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Close Pairs

Figure 11: Extended source acisfJ1229467p080030 011.0976 (lower left). This source was observed
three times. The top left, top right left and bottom left images are from the evt2 file of OBSIDs
322, 11274 and 12888, respectively. The bottom right image is from the stacked evt3 file used
by CSC2. The images show possibly two or three distinct sources. But CSC2 listed them as one
extended source with e = 0.986.
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Figure 12: Extended source acisfJ1308471p212650 001.0015. This is a fast moving point source –
pulsar PSR J1308+2127, with high proper motion of 223 mas/y. It was observed twice. The top
image (OBSID 2790) was observed in 2002; the middle image (OBSID 7610) was observed in 2007.
The displacement between the two observations is 1.1 arcsec. The bottom image is the stacked
image of OBSID 2790 and 7610, used to produce CSC2. CSC2 listed this high proper motion
pulsar as an extended source with e = 0.979, and the average position of the two observations as
its coordinate.
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Figure 13: Extended source acisfJ0554041p014018 001.0003. This source was observed only once.
The top image is from evt2 file of OBSID 12383. The bottom image is from the evt3 file used
by CSC2. The top images shows an extended source. But the bottom image show two distinct
sources. Yet CSC2 still listed them as one extended source with e = 0.943.
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Figure 14: This image is part of the evt3 file acisfJ0535165m052323 001N020 evt3.fits. It in-
cludes many extended sources. It shows that the high eccentricity sources (e > 0.9, e.g. ac-
isfJ0535165m052323 001.2698) are more likely consisted of more than one source, while lower ec-
centricity sources (e < 0.9) are more likely true extended sources.
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4 Conclusion

A study of close pair and extended sources in the CSC2.0 was conducted, aiming to answer two
questions:

• Are there actually single point sources listed as two or more separate sources in CSC2.0?

• Are there actually two or more separate point sources listed as a single source in CSC2.0?

The answer to the first question is “NO”. There is NO single point source listed as two or more
separate sources in CSC2.0. In the same cohort, every point source has one and only one entry in
the catalog.

The answer to the second question is “YES”. There are actually two or more separate point
sources listed as a single extended source in CSC2.0. Most of these scenarios happen in the high
eccentricity sources with e > 0.9. Sometimes a high proper motion point source was also listed as
an extended source due to image stacking.

Sometimes the image process from evt2 to evt3 changed image quality and resolution and hence
made an extended source looks like two or more separate sources.

Most of the lower eccentricity (e < 0.9) extended sources are true extended sources under the
Chandra resolution.
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