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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 (CSCl.l)ﬂ became available in August 2010. |CSC Preliminary Release 2.0
(CSC2.0)E| 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:

e Are there actually single point sources listed as two or more separate sources in CSC2.07

e Are there actually two or more separate point sources listed as a single source in CSC2.07

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 entrief 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
and [2| give the detailed classifications of the CSC2.0 catalog

"http://cxc.harvard.edu/csc

*http://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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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 CSC2.07”, we search for the close point source (EXTSRC_-CLASS = “POINT”)
pairs in the same cohortE] 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 § < 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 <1 <6< ?
Criteria d<1" 1"<d<2"|d<1" 1"<d<?2"
Point 0 64 4 64
0 0

0 0

Point & True 54 55
Point & True & Eband=b 38 38

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

As seen in Table|3| for off-axis angle 6 < 1/, there are no close pairs with separation d < 1”; for
1" < 6 < 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 6§ < 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" < 6 < 2/, the numbers are 64, 55 and 38, almost exactly the same as for § < 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 # < 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.

Close Pairs in Chandra Source Catalog I Same Cohort

Source File: csc2_list_bband_true_point_s
extsrc_class = POINT src_quality = TRUE eband = B

Offaxis angle < 2 arcmin © Pairs: 76
Separation < 2 arcsec

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 6 < 1’; Tables |5 lists 38
pairs with 1’ < 6 < 2. Figures —m 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.

3 /18



Close Pairs

*09soae ul ared ot Jo uorjeredos — p ‘UIWOIR UL S[UR SIXR-JO — @
‘(pueq q ur syunoo mey) g VILVAY DYS — S ‘POOYIPAI — H'T *ared 943 JO g2Z§T 990G — g29T ‘(I 9OINOS — PI -dWRU dFRWI £1A9 — 1I0YO)) :ION

08€ELVP—  TGTILOTP9C  9TPELTP—  €60L079¢ 896'T GLV'0 9060 00T OTT ¥0°661 91°€€C 26T 991 CAEVTYWMPRTICLI ISR
08097'6c—  90€€9'84C  I9TIIV'6C— ¥9¢€9'8GC C¥P8'T 0890 9290 6 qT L2'81 6€°TL 8¢ q¢ 16L26CWICEVTLI[ISTOC
c6C67'8E—  99880°8GC  08T6V'8E—  L8L80'8GC  L66°'T G60°0 T¢I'0  7¥¢€ 44 L7°89 c1'8¢ 69 0. 9C6T/EWETTTILI ISR
06C98'8F—  ¥8ELE6'6VC  LPCI8'8Y—  TLEL6'6VC 999°T Le80 9€8°0 LT €l LLTL 129G 81T yal VATGRYMIRGE6EI T ISR
G94ce’L 6970€'8¢C  619CC L EYV0€'8CC  668'T  ¥6C°0 98¢0 9 6 6L°GT ¢9'ce 6 8 aee1L0d61TETCI SR
€8L66°L L6CTVV°L8T  90866°L L9¢vv A8T  O0VE€'T  ¢I80 V080 6¢¢ 20¢ SO7LI 69°€8 896 8F0T | 0€0080d.L9762g1rIsOR
GCELT 6T L9LV0'G8T  TSELT'6C VILVO'G8T  906°'T €€6°0 GI6°0 6C LC G8'¢6 ¢c0°0L 87 1S 61L162d0T10ZE I ISR
€1480°9¢ 09LT€°LLT  T6¥80°99 989TE'LLT  089'T L¥9°0 LE9O QT 91 99°G1 G861 0€ 6C 2€5095dLZT6V T TSR
VOVP8€T—  6€E6L VLT  TLVPSET— 88C6LTVLT  L86'T T¥I90 6290 O€T V.¢ 8¢'CET 88°00¢ g 61 SITGETWYOT6ET I ISR
€V0E6'V €E€G86°CLT  610€6°TY 98V86°CLT  L88'T  L8G'0 GT9'0 €T 8¢ GL76 €9°G61 g ¥ 8T9G70dRLGTET I ISR
896€0°0— GYESY'99T  ¥PSE00— L6CGV99T  ¢I6'T  T1€9°0 ¥¢9'0 89 0€ 6G°971 L%y 174 9 LETOOOWEGYSGOT T [IsOe
¥ree00— L6CS799T  667€0°0— 08CST'99T  €SL°'T ¥¢5'0 1080 0O€ (44 L%y ¥6°9¢ 14 6V LETOOOWEGYSGOT T FSTOe
€89€0°0— 0LCST7'99T  CELEDO— ¢9¢Sy' 99T ¥6L'T 6090 6€90 S¢ €C 1¢°L€ 67°G¥ v )% LETOOOWEEYSOT T ISR
¢69€0°0— 902S¥'991  €PSE0°0— 68TGP'99T  ¥.8'T 0790 1290 &C L1 6’1V 11°6€ ¢l <1 T7c000WME67S0TT ISR
8VcIe6G—  TEO6T'TI9T  G6C9€°6S— 8668T'TIT  ¢e8'T €990 SP9'0 IT 1T 81°9¢ 18°0€ €4¢ [4%14 6€TC6SMIOTITOT ISR
0rgsL'9 8GPG0 19T  0€GGL9 €IPG0'T9T  L99°T  669°0 9190 < 6¢ 90°TLT 69 V1T 44 0¢ 16879041V 17701 ISR
0GL7G°65—  LEEOO'TIT  80LVPSG'6G—  €8CO0'TIT TO8'T ¢E¥9'0 0290 6 1¢ 11°6¢ GL'€9 ()78 674 TPCe6SMESSETOT ISR
T09€G°64— OTI66°09T €T19€9°65— O0T066°09T €L8'T 98¢0 L9490 ¢<I it LLEY 6484 V.9 ¢l9 TPCeE6SWESSEVOT ISR
€6L7G°6G— 8CL86'09T  CILPG'69—  L9986°09T LLG'T L2c’0 1020 LV €4 66°0¢ c8'1E L99T 9991 | TPCE6SWESSEVOT ISR
0CEGG'6G—  €6986°09T 98CG9'6G— ¢I986°09T TO06'T GIS'0 06V'0 69 1€T cr'Lve qr'ccs 447 8¢V TPCE6SMESSETOT ISR
¥r09G'6S— CEP86'09T  €80GG'6G—  GLERG'09T FPL'T LEE'O0 6S€0 7€ )4 LLV8 9201 667 687 TPCeE6SWMESSEVOT ISR
0069L°LG— OPOCO'9ST  996GL°LS— 600C099T  LGL'T €L6°0 ¥96°0 QI €C 98'7¢ 8V°LY €6¢ €8¢ 0€GyLGWRLGECOT ISR
00CGL’LG—  LT666°GST  G9TGLLG—  GG9866°GST CPL'T 0190 LIS0 1€ 0T €€'€C T0°8T 68€ c6€ 0€GyLGWIRLGETOT ISR
Y009L°LG—  CEL66'GST  P96GL°LG— ©9966°GST  ¢86'T  €P¢'0  GIc0 79§ g€ L€°G0T g0'¢€ V.¢ G8¢ 0€GyLGWRLGECOT ISR
Go09L°LG—  8I9¥V66'GST  6009L°LG—  TLEGG'GST  TG96'T 89T'0 LET'O0 29 1¢ 0g°¢ct Vv ae CLC GLC 0€GyLGWRLGECOT ISR
609.9°G¢ 9G¢¥8Y'0GT  €99L9°G9 0€P8Y'0ST  909°'T L8E'0 88E'0 L€ 18 67 V1 9T°GET €C 44 T70¥SGd9gSTO0T (ISR
6790C €T ¥1002°0€T  S¥90T €T 6G661°06T GE€6'T €890 6650 €€ LTT oy ov G6°L91 1T ¢l 66z1eTd067 0780 ISToR
0€946'V 90086°L6 91rqe6'v T96.L6°L6 869'T LV6'0 G960 €T 68 LE°GL L1657 48] 67¢ gg9sr0dr9gTEIOLISIOR
9¥456'v 196.6°L6 1949567 806.L6°L6 Gc6'T  G96°0 7¥.6'0 68 161 L1764V 08°0L6 6V¢ 0¢¢ 6g9sv0dr95TEIO SR
96366¢°4— 0TPE8'€8 cr86¢'d— €07C8'€E8 €09'T €920 Lyec'0 T€9T 7¥0¢ 1¢°6L5€ G6°¢98 ¢80C 980T | €CeTseOmg9rsesorisoe
LV8LGG ¥€LG9°€E9 968L9°G 91L99°€9 €68'T 999°0 L8BG'0 6€09 SGPPI  6T°LTILC €E€'T9GL 0€ 4 LOPES0d9LEFTTOLISIOR
60181°9¢ 09646°09 6.081°9¢ §c4es6'09 89¢'T T¥ET'0 OIT0 Lgc c61 VL TGET 8G'08¢T ¢ T 870192dL8VE0T OISO
09¢6¢°G€—  LBO8G'GS G9c6¢'9E—  ©c089eS 668'T ¥8G'0 <890 V€ J°té crog G967 ve 48 07E€CSEWEITCTEO ISR
T9VIC LE—  67LS99°09 covicLeE— 20L99°09 0v6'T  ¢8¢'0 €LE0 TIT €1 €L°€C L9°0€ 9¢ 8¢ ¢0ETLEWOIECTEOISTO®
8L€60°C9 8¢aTy'9¢ 8¢€60°C9 €671V 9€ I188'T Tc0'0 ¥€0'0 TT €C 97°'LC 11°8G 81T 91T L£5029d56£5250 ISR
6€€0T°LS 8007.L7€ 88€0T"LS €00V.L7E ovL'T 7E80 9080 VI 91 88'6¢ 09°1¥ ¥0¢ 90¢ 20L0,5de658TE0rISTOR
GTLOGLT—  L9G76°91 TCLOG LT—  8CSV6'91 cee' T 9rr'o 0910 €VI 191 67°CET 8G°¢CT 04T 67T CEOELTWELYLOTOLISTO®
LT80G°LT—  9¥EV6'9T 29L0G°LT—  TTEV6'9T 996'T <CETO €S0 19 79 01°¢¢ ¥ gt 14! 4! CEOELTWELYLOTO[ISIO®
¢2°d cvyd 12°d vy p %9 0 [ 195 ¢HT TH'T ¢dl  1dI 310700

1> Pue g >p > T M Se0Inos .,

= ANVdd Pue Aulod, ‘onil, Jo sited aso[) ¥ 9[qe],

~
<t



Close Pairs

*09soae ul ared ot Jo uorjeredos — p ‘UIWOIR UL S[UR SIXR-JO — @
‘(pueq q ur syunoo mey) g VILVAY DYS — S ‘POOYIPAI — H'T *ared 943 JO g2Z§T 990G — g29T ‘(I 9OINOS — PI -dWRU dFRWI £1A9 — 1I0YO)) :ION

61GLCVE—  T8L0S'T9C  TPELCTE—  PELOGTI9C LT9'T OPL'T €GL'T €1 4! e¥'LE ¥ave 9¢I gcl PV IVEWLTIO9CLI[ISIoR
9CV86'6€ L097¥V°09C  LTV86°6€ 6€9¥¥7°09¢  698'T  86V'T 62T OT 0T 8V V1 9871 1¢ 44 GT6S6€dLYSTFIT ISR
LLGGLGT T90TE9PC  €TIGL'GT YeOTE9Pe  89G'T  G6C'T 0LC'T VI 44 GE'LT CE'6¢ 8T 16 TeoveTdygISTT ISR
€8074°99 c980€°cyve  vEIPE 99 LE80ECYe  898'T <CICT €VC'T ST ov ¢8' 10T LT€9T €l 4! 811£59d6L16091 [JS1o®
¥e898'6c—  9€T1GC'V0C  LP8IB'6C—  9809C'¥0C <CLL'T 8G6'T <CE6'T 69T 69T Yrve 2099 6¢V 0€v PrEG6CWCGGIEET [IsIoR
GLELS 9SG VO0TT V6T  0€VL8'9S 090TT'¥6T 996'T L¥6'T LE6'T €T €C ¥6°0€ 16°9L 44 €C 16259¢dgz 1961 IsIoR
89008°G— Ga6v1'c6T  08008°G— LO6¥VT'C6T  99L°'T 6€C'T 6ICT 98 8¢ 19°Tv¢ 00°6¢ Ly 14 8067S0WSEERTCI[ISIor
08008°¢— L06VT°C6T  80T08'G— 9.8%1°C6T ¥cS'T 6ICT 96T'T 8¢ 92 00°69 91°09 9 14 8067G0WGEERTCI[IsIon
€6€LL°GC TPeG8'L8T  ¥PVLL T 9€eG8'L8T 0€8'T ¢e6'T T196'T GT it L€°6C 8T°€¢ €¢ Jté zerveedegeTeeIrisoe
€8710°8 CYely L8T  LISTO'S CIeLy'L8T  LT9'T  ¥99'T 6€S'T 49 Le 09°€8 0S'€V [4quY €0€ 0£0080d.L9¥63C 1 [Js1oe
CI6TV'ET €ERIT'LBT  TEGIV'ET ¢6LI9T'L8T  ®IST SOV'T  90¥V'T OT 8 ¢6'9¢ FASREI4 8T LT 8192140676321 rISIOR
C663CEL VITCT 98T  ¢E0€E’L CcOTCT'98T ¥6¥V'T 086'T 866'T €€ 29 '8¢ 0769 61¢ 1¢¢ 1081L0d7CTreeTrIsoR
vecie’.L 6€0CT'98T  LIGIE L 966TT°98T €V9'T  L9V'T 98%'T OT 0T €V'1e 60°G¢ 6€ L€ 9002.0d0TEVTE I LISIO®
Vecie’L ¢E0CT'98T  GCele’'L €66TT°98T 90¥'T TOT'T 080T <€ qc VLL Yvve 02T LTT 1081,0d¥GTyegIrIsoe
¥88.L2'6C 09€€0°G8T  0¥8LT'6C GGEE0'G8T  L6S'T Gc0'T 000'T  9¢ LT 90°L8 c0'Lv 9¢ qg 875162465005 T ISR
088L2°6C 99€€0°G8T  0¥8LCT'6C 67€E€0°G8T  9¢S'T 88C'T €LC'T 9¢ 61 98'89 vy 84 9¢ 0191624110051 ISR
18G8¢C 6¢ 72920°G8T  €T98C'6¢ 6¢9c0'98T  ¥¢8'T 6¢0°'T 6V0'T QT LT 697¢ L€°6€ ¥0T 20T 61.162d0T10TE T ISR
9108¢'6C ¢16c0'G8T  0L08¢T’'6¢ €09c0'G8T 096'T €I¢'T ¥0C'T €9C 8§ 16°G08 €6°60T VL 9L 61.162d0TT0TCT ISR
0L082'6C €0G20°98T  L0OI8T'6C T.yc0'G8T  P99°'T ¥0C'T TIC'T 8§ 6€ €6°G0T 8L°C9 9L 08 61.162d0T105ETIrISOR
L99T1L°CT €LE8O°LLT  QTITLCT 99€80°LLT  QEV'T  €VP'T  92¥V'T 11 6 ¢6'9¢ 11°0¢ 91 4! LyTyeTdeez8yIiysoe
cEG0E'T9—  €P80O0'89T  OTS0E'T9—  8LLOO'®IT 88T  ¥9¢'T LvC'T 91 €1 cl'es 0L°¢y 9¢I 097 0ESTTOWITGTITI ISR
96¢8G°Cl 07€96° 19T  €8C8eCI ¢0€96°' 19T  00¥V'T  ¥0OS'T  ¥8V'T  6€ % 1¢9TT 06°61TT ¢0¢ 8L 8¥€ET1dgLyLF0T [JsIoR
676LG°CT TE8G6'TIT  806LG°CI 908G6°T9T  VIL'T 6ST'T  O0€T'T 8T 44 64'8¢ G8'0¥ c9 09 8Y€ECTdeLYLFOT ISR
80T8G°CI 6€LG6°T9T  T608G'CT 989G6°T9T ¥¥6'T €6¢'T ¢<CIE€T TE€T €6 LGVLT LT°GET 99 1T€ 909¢2TAETCLTOTJSTOR
T€ERGCI 9¢996° 19T GTERGCI cLG96°' 19T  696'T T0€'T 08¢C'T €¥e TL 0€'81L 6€°6€T 18 6L 8¥€ET1deLy L V0T [JsIoR
96TL0°09—  GC86L'TI9T  €0CL0°09— 8EL6L'TIT 069°'T €991 <CP9'T 91 44 €9Vy ¢1'08 291 89T GGG009WmIR0LYOT [FSIo®
6LT8€°6G—  8VL6T'TIT  80T8E'6SG—  €996T°T9T G88'T 8ISG'T 8IS'T €I 0T 69°€€ TL°6T 26T 248 6€TC6SMI0TF 0T [Isor
66C95°66— COIV6'09T ¢PE9S'69—  980¥V6°09T 8SG'T  GL9'T 969'T 8 8 LLGT 67 LT 8¢¢E vee TPCe6SWESSEVOT[ISor
G9YGe'6G—  G99¢6°09T  CIPEee6S— P94¢6'09T 8G9'T  CI8'T 8ER'T T 6 ve'ce ¥€'9¢ (457 eV TPeeE6GMESGETOT ISR
€076€°9¢ €960€°LGT  TSV6€°9¢ 0¥60€°LGT  6S8°T  ¥67'T <0S'T G6¢ 6L0T 9L°€9¢T  1¢'¢09S 9¢T gcl 7229246806201 ISR
€699L°LG—  9€9E0°9GT  GELIL°LG— TC9€0°99T ¢99'T 69G'T <¢99'T 8I 0€ G9'EV 1608 961 68T 0€GyLGWRLGECOT ISR
C¢89GL°LG—  TG0E€0'9GT  TE€9GL°LS—  LTIOE0'9ST  T96'T VOET G6C'T IT 1¢ L€°0T L0°cs LE€ Ve 0€G7LGWRLGECOT ISR
1€L9L°,G—  €88I09ST  €TL9L°LG— 8B8LTIO'9GT €¥6'T 0S0°'T 8IOT 1@ €¢ 9€'8¥% eT'8¥y 06T V6T 0€GyLGWRLGECOT ISR
90649€'9— 16L96°16 £6V9€°9— LV296°16 €99'T ¢6S9'T €69'T 99 ¥4 0T°L4¢C 18°¢9¢ 802 01¢ 0€¢290W905L090 ISR
68€LE9— GLIV6'T6 GEELE9— 69176°16 ¥96'T GI¢'T 0€c'T OI 44 vL.°0€ 7689 9LT 8LT 062290m905.L090Fs10®
L06LE°G— 9076.L°€8 €E6.LE°G— 69€6L°€8 CVO'T  98L'T  86L'T €99 699¢ €E€E€I8T  T16°0T0ET  LIVE  €89C | €CECS0WGITGESOrIsoe
09€70°G— T€0TV V4 LLEVOG— 78607 74 99L'T  68F'T  SIST 9L 123 89'99¢ c6°Crl g€ €€ CCo0S0WETYLEEO ISR
VL8819 0¥794L°9€ T€.88°'T9 PE€GLL9E PES'T  020'T  €T0°T  TI 8 G4'8¢ c1'8¢ 0L 69 €155199190.220rJSIoR
¢2ed cvd 199 Ivd p %0 '0 ¢dS 195 ¢H'I TH'T cdl  1dI H0Y0H

>0 >,1pue g >p > 1 Yim seomos (g, = NV Pu®R U0, ‘oni], JO sied 9so[) G 9[qe],

~
0



Close Pairs

Figure 2: Close pair: Cohort: acisfJ0414376p053407, ID1: 32, ID2: 30. Blue circles are 1”7 in
diameter.
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Figure 3: Close pair: Cohort: acisfJ0535165m052323, ID1: 2683, ID2: 3417. Blue circles are 1” in
diameter.
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acisf]0535165m052323 001.2085

&

acisf]0535165mp52323_001.2082

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

acisf]102908 2244 001.0125

Figure 5: Close pair: Cohort: acisfJ1029089p262244, ID1: 125, ID2: 126. Blue circles are 1” in
diameter.
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acisf] 9403‘;4_8? p2 1048:00%.0002
"

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

acisf]0631564p045625 Sf001.0249
15T]0631564p045623, 001.0250
|

acisf|0631564p045625 001
||

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

diameter.
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3 Extended Sources

To answer the second question: “Are there actually two or more separate point sources listed as a
single source in CSC2.07”, 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 [f]lists the number of sources under these
criteria found in the regions of off-axis angle § < 1’ and 1’ < 6 < 2" with different eccentricityﬁ

Table 6: Extended Sources in CSC2.0

e [6<17 17<6<2 | Sum |
0.9-1.0[ 163 58 221
0.8-0.9 | 104 45 149
0.7-08 | 79 38 117
0.6—0.7 | 56 23 79
05-0.6 | 22 15 37
0.4-05| 19 10 29
0.3—0.4 | 2 1 3
02-03 | 1 1
01-0.2| 2 0 2
00-01| 0 0 0

Total | 448 190 638

_ _ (ext_smin\2 i,
e = /1= (G sma;)” is the eccentricity;

0 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, ¢ > 0.9

Many extended sources with eccentricity e > 0.9 listed in CSC2 actually consist of double or triple
(mostly point) sources. For example, Figureshows 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[J|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.

®For an ellipse with semi-major axis “a” and semi-minor axis “b”, its eccentricity is defined as e = 1—(2)2

In CSC2.0, “a” and “b” are called “EXT_SMAJ” and “EXT_SMIN”.
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Figure 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, ¢ > 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 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 shows a source that was only observed once. But its images in the evt2 and
evt3d 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 shows one high eccentricity source (acisfJ0535165m052323_001.2698, ¢ =
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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. acisfj0913015p525934_001.0007 €p.977
" u . [ . [

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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acisf]1424365 p225555_DDl.D[.}24 e0.974 : acisf|1424365p225555_001.0024 £0.974

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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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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acisf|1308471p212650 001.0015 e0.979 T .

acisf]1308471p212650_001,0015 e0.979 ..
L . ' 4

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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acisf)0535165m052323_001.2689 €0.693
acisf)0535165m052323_001.2045 e0.802 acisf]0535165m052323 001.2690 e0.637

@) ® @

acisf)0535165m052323_001.2025 €0.557

©

acisf)0535165m052323_001.2698 €0.960

-

acisfj0535165m052323_001.2699 €0.690

acisfj0535165m052323_001.2696 €0.723

acisf)0535165m052323_001.2090 €0.655

@ acisfj0535165m052323_001.2102 e0.764

acisfj0535165m052323_001.2076 €0.595

. acklios:

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.

17 /[1§]



Close Pairs

4 Conclusion

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

e Are there actually single point sources listed as two or more separate sources in CSC2.07

e 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.

18 /[1§]



	The Chandra Source Catalog Release 2.0 (CSC2.0)
	Close Point Source Pairs
	Extended Sources
	Double or Triple Sources Detected as Single Extended Sources, e > 0.9
	Single Moving Point Source Detected as Extended Sources, e > 0.9
	Image Process Changes Image Quality and Resolution, e > 0.9
	Extended Sources with Lower Eccentricity, e < 0.9

	Conclusion

