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ABSTRACT

We present a 1-10 keV survey of distance class 4, 5, and 6 Abell clusters using the HEAO 1
NRL large area survey experiment. The survey is a little less than 1/30 of the Abell catalog.
Eleven clusters are identified with X-ray sources, and X-ray upper limits are provided for 60 others.

Subject headings: galaxies: clusters of — X-rays: sources

I. INTRODUCTION

Several surveys of X-ray emitting clusters of
galaxies have been reported (McHardy 1978; Smith,
Mushotzky, and Serlemitsos 1978 ; Mitchell, Ives, and
Culhane 1977; Jones and Forman 1978, and references
therein). The surveys concentrated on distance class
<4 Abell clusters. Here we report the first results
based on the HEAO 1 NRL large area X-ray detector
survey (see Ulmer et al. 1979). These results cover
<1/30 of the Abell catalog, and they extend previous
work out to distance class 6 clusters.

II. OBSERVATIONS AND RESULTS

The HEAO 1 satellite has produced a deep X-ray
survey of the entire sky. This was done ~ 23 times in
an 18 month period starting in 1978 August. The scan
lines were always ~90° from the satellite-Sun
vector; hence, regions near the north and south
ecliptic poles received greater coverage. This is
demonstrated in Figure 1, which shows the sky
coverage of our survey. The field of view of the
detectors was 1° x 4° (rectangular, full width at
half-maximum). The satellite motion was such that
a 360° great circle was scanned every % hour in a
direction perpendicular to the 4° field of view. The
data base we used was the superposition of these 360°
scans made over 1 and 4 day intervals. We first
searched the 4 day ‘“sums” for evidence of X-ray
sources within ~0%5 of all the Abell clusters (Abell
1958) scanned by the satellite. This was about 70
clusters total for the work reported here. We fitted
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three X-ray sources plus a background level to 5°
intervals of these ““sums.” The intervals were centered
on the Abell cluster positions. The positions of two
sources were left free, whereas the other position was
taken to be that of the cluster (Sastry and Rood
1971). We also visually examined plots of these data.
A potential candidate list was then made, and in-
dividual 1 day sums were fitted. The intensities and
the derived positions were recorded, and these data
were used to derive an average position in both the 1°
direction and the 4° direction of the collimator field
of view. In Table 1, we list the X-ray sources we found
and the cluster identification. The initial criteria used
were that the cluster be within 092-0°3 of the 90%,
confidence error box and that the error box have an
area of less than one square degree (see Bahcall and
Bahcall 1975). We relaxed the error box size criterion
slightly to include AS508; however, the average size
of the error boxes in Table 1 is still less than one square
degree. All the sources except A2177 satisfy the
criterion that they lie within one Abell radius
(Ra = 1.7Z 1 arc min) of the error box (cf. Bahcall
and Bahcall). A2177 is ~2R, from the error box.
A priori we expected that ~70% of the proposed
identifications should be valid at the 909, confidence
level.

We used the 4 day “sums’ to provide sensitive,
explicit upper limits to the other Abell clusters covered
by this survey. These limits are given in Table 2, and
they are 2-5 times lower than what could be inferred
implicitly from the production of a general X-ray
catalog. This is because the general catalog is based
on a search for positive detections at a nominal 5 ¢
level. The energy range of the survey is ~1-10 keV.

The normalization we used is based on the measure-
ments of the Crab Nebula and the Perseus Cluster.
The conversion we derived is 1072 counts cm~2 s~ =
3.2 x 10712 ergscm~2s~1. The uncertainty in this
conversion for the data here is +50%,; it is due to

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1980ApJ...235..351U&db_key=AST

oferoAe 9y} pasn am

(9961 d1vy) 701 dry Axe[ed rernoad diy surejuos osje xoq JOLrg ¢

PLOT UIMIOD ¢

*SL6T '[P 12 900D ‘90IN0S ¢ oMY
*9S®D SIY) Ul S)BUIWIOP YIIYm $)109JJ9 UOISNJUOD 92INO0S [enpusjod 03 anp o 7 A[UO JO 90UBdYIUSIS UONI)OP © USISSE oM Ing ‘SUOnS SI 20IN0S YT 5
*SUONO9LI0D 109dSe 9y} Ul AJUure)Iaoun oY) 01 9Np SI AYSUSUL dY) UI A)UTL1ISOUN JY) ‘0 X 90UI)SIXd 9INOG ;
"8L6T SNINOIY pue L/G] [V 12 OpARIJ OS[€ 338 {8/ 6] 'V 32 AeLInJN 93s ‘9)epIpuURd IdIsn|d Iadns Jo BQUISA
*6L6T ‘[P 12 IOW[) 93s—AeME [ ~ UBY) SSI] SI I3ISN]D [[9QV IdSY)oue o1 ‘Idsnpd AIeulq 9fqrssod Jo JaQUISIA p

*1X9) 998 ‘A O[—] ‘;-S sS1

[l

To

AT OT-T ‘60T X 1-Sz-WO SHUNOD = *f 4

"(8S61 11°qV) SSB[O 90UBISIP 3y} 0§ 1JIYSpal
OSIMIOYIO "HOTTV 1de0x%9 ‘9[qe[ieAr udym ‘(JN-g) Sse]d ueSIioN-zineqg oyl Yim Juole (LL6]) YSIog USp UBA pUB II9T WOIJ USYE) {PIJBUWIISA SI Z o

_ 618V /60067 61,67 .8T.8% 14 ALTo6V QiTTall

66'vy 200 + I'C 881°0 IIT-11 9 §S0 8uylall 0u9TqLl E€uClull 6uOlqLl Suflall fCSTTV
CSoEE 8l.vE FTbE /8SoE¢€ ,80.V¢ LOoYE ‘6100qLT

88ty Yo+ ¢S 01°0 GIT-T S 20 6ur€0qLl €urbQull 9urT0uLl €urlOuLll 8w C0qLl eV
£€.6€ 90.,0% 01.0¥ LE6E /1S.6€ L0 ‘E€Sa9T

1SSy €0 F 6L SLT'0 111 S 91°0 9uCSq91 Pa€Se9l 6uISu9T CulSq9l EwgSa91 SETTV
_ ALTS0 .8¥,50 /95,50 €50 V.50 A$6S0 ‘€091

9T’y 90 + I'9 WST°0 211 S LT0 9u0€q91 8wOEq91 6uLTu91 9urLTa91 Cu6Cu91 wpb0TCV
_ 9€¥T YyovT /SSo¥T AYo¥T ShobC AP ‘Yir6T491

9%y 0+ S'1 LST0 1I S ITo 8w ¢Tu91 6wl Sw6Tu91 Yu6T491 TulZa91 p8LITV
_ JAE€.ST 91.9C ALTs9T VST /6S.ST /TS.ST ‘6u8Tq91

S6'vy 0+ 17 081°0 9 6S°0 Sur€Ta91 CurbTu91 6w0Tu91 Tw0T91 Cullu9l apLLITV
_ 8190 — 085,50 — Wr.80— J1.90— J10:90—  ,10:90 — ‘6uZTu91

6C°SY o+ SY 081°0 9 8C°0 Yu€la91 8ut [v91 SulTa9T Tur[Ta91 SurCla91 £91CV
_ 61LT 9oLl /81,81 0SoLT 8oLl ALOoLT “‘€16049T

19'v¥ ST+ 6¢ 060°0 14 860 SurL0e91 0w8091 €u6SqS T 8ur8SqS T Yu€0u91 1651CV
_ JT0T— TPs60— /£5060 — E0L— AL0OT— 0T — ‘BurISa¥0

80°SY yo+ €¢ 002°0 111 9 L8O 8urpSat0 SuySqb0 Tu6¥ai0 Sw6yqi0 0ulSqav0 o178V
_ JAT10 /10.€0 AYT0 ,80.10 0,20 95,10 ‘Cuir€yab0

LYY €0+ LT 9s1°0 III 9 65°C Tu€Pab0 TurChuO 0w9€qt0 OuLEab0 9u6Eqt0 p80SV
_ /CS.00 ST.10 /90,10 Vo0 /65,00 /£5000 ‘SHTTab0

LT'SY v'0 + v'E 0810 9 se0 €i9Tab0 0w9Tub0 9uTqb0 6uIab0 pubTab0 08vv
o(*7) °*301 A vz DAkt a ('3op 'bs) (s0uapyuod %,06) xof I011g 0S61 ‘¢ ©) 0561 1) [eondo

BaIY 19U swreN
xog Jouyg Aeyg-X

SIOUNOS AVY-X ¥AISNTD TIA4Y

I 474VL

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1980ApJ...235..351U&db_key=AST

J. 22235, 351U

DAD.

rt

RICH CLUSTERS OF GALAXIES 353

TABLE 2
X-RAy UPPER LIMITS FOR SURVEYED CLUSTERS

Name D R B—-M 2Z F, Log(L,)
A427............ 6 1 0.180 2.00 44.93
A429............ 6 2 0.180 1.00 44.63
A439............ 50 S 0.140 2.00 44.71
A455............ 6 1 it 0.234 1.00 44.85
Ad465............ 6 1 II-III 0.185 1.00 44.65
A466............ 6 1 ... 0.180 1.00 44.63
Ad476............ 6 1 II-III 0.197 1.00 44.70
A481............ 6 0 e 0.180 2.00 44.93
A482............ 6 1 II-III 0.138 1.00 44.39
A487............ 5 1 II-III 0.126 2.00 44.62
A489............ 6 0 111 0.203 1.00 44.73
A495............ 5 0 - 0.140 2.00 44.71
A497............ 5 0 0.140 1.50 44.59
A498............ 5 1 0.140 2.00 44.71
A499............ 6 0 0.180 4.00 45.23
ASO1............ 6 1 .. 0.180 0.50 44.33
A503............ 6 1 I 0.205 1.50 4491
A504............ 6 1 ... 0.180 1.00 44.63
A506............ 6 2 111 0.148 1.00 44.46
A507............ 6 1 II-III 0.220 1.00 44.80
AS10............ 6 1 1 0.151 2.00 44.77
ASil............ 5 0 .. 0.140 1.00 44.41
AS12.... .. ... ... 5 1 111 0.118 2.00 44.56
A513............ 6 0 II-III 0.186 2.00 4495
AS15.... ... ..., 5 1 I 0.154 1.00 44.49
A516............ 6 1 11? 0.165 0.50 44.25
AS17............ 6 2 III 0.179 0.50 44.32
AS522............ 5 1 111 0.153 0.50 44.18
AS24............ 5 1 III 0.130 2.00 44.64
AS28............ 6 0 ... 0.180 1.00 44.63
A2123........... 6 0 0.180 1.00 44.63
A2153........... 5 0 L. 0.140 1.00 4441
A2170........... 4 0 II1?  0.098 1.00 44.10
A2186........... 5 0 ... 0.140 1.00 44.41
A2200........... 5 0 .. 0.140 1.00 4441
A2205........... 5 0 111 0.122 1.00 44.29
A2214........... 6 0 .. 0.180 1.00 44.63
A2217........... 5 1 111 0.152 1.00 44.48
A2221........... 6 1 III 0.236 1.00 44.86
A2223........... 5 0 111 0.109 2.00 44.49
A2233........... 6 0 111 0.167 0.50 44.26
A2238........... 6 1 II-III 0.152 1.00 44.48
A2241........... 3 0 - 0.068 1.00 43.78
A2249........... 3 0 ... 0.068 5.00 44.48
A2253........... S 0 11 0.135 0.50  44.07
A2268........... 6 1 II-III 0.234 1.00 44.85
A2269........... 6 0 . 0.180 1.00 44.63
A2270........... 6 0 . 0.180 0.50 44.33
A2275........... 5 0 II-III 0.126 0.50 44.01
A2280........... 6 1 II-III 0.259 1.00 4494
A2281........... 6 0 . 0.180 0.50 44.33
A2299........... 6 1 S 0.180 2.00 4493
A2305........... 5 1 III?  0.149 0.50 44.16
A2306........... 5 0 II1?  0.152 0.50 44.18
A2308........... 4 0 II-III 0.096 1.00 44.08
A2310........... 5 1 1I 0.148 1.00 44.46
A2311........... 4 1 111 0.090 2.00 44.36
A2318........... 5 1 111 0.156 1.00 44.50
A2323........... 6 0 ... 0.180 0.50. 44.33
A2373........... 6 1 II1?  0.198 1.00 44.71

typical range of X-ray cluster spectra (cf. Smith ez al.)
and the broad energy band of the survey. For com-
parison with Uhuru observations, we also derived the
conversion of 0.1 Uhuru counts at ~5 x 10~* counts
cm~2 51, This also has an associated uncertainty of
+50%,.

III. DISCUSSION
a) Source Identification

Because of the large number of distance class 5 and
6 Abell clusters and the large number of weak back-
ground X-ray sources, we examined the probability
that the proposed identifications are valid. Two major
uncertainties are inherent in this estimate: (1) The
source counts from the X-ray surveys are not known
to better than a factor of 2 (cf. Fabian and Rees 1978),
and (2) the Abell cluster centers are not necessarily the
X-ray center of the emission (Ulmer et al. 1979;
Cooke et al. 1977) which required including clusters
just outside the error boxes. Within these uncertainties,
however, we came to the following conclusions: (1)
From the source counts, we estimated that only one
of candidate clusters in Table 1 would be confused
with a 0.1 Uhuru count background source within a
095 radius. (2) Similarly, we estimated that one false
source could exist in Table 1 due to finding two 0.1
Uhuru count sources within a 0°5 radius of all the 71
cluster positions. (3) We empirically tested for
accidental identification by creating false “catalogs”
generated by moving the centers of the X-ray error
boxes by various amounts. The false “catalogs”
were searched for Abell cluster identifications, and
either one or zero “X-ray clusters” were found with
each false “catalog.” From these tests, we found the
probability that one of the entries in Table 1 is due
to such an accidental identification of an X-ray source
with a cluster is 30%,. The net result of our calculations
is that probably one or two of the 11 proposed
identifications are invalid, but a 90%, probability
that seven to eight out of the 11 are valid.

b) Sizes—Extension

With the exception of A480 and A2235, all the
clusters had X-ray emission consistent with that
detected from a point source by our instrument. We
estimate that the 95%, confidence upper limit to the
X-ray radii of the other clusters given in Table 1 is
30’. On the basis of the statistics of background
sources, we would expect one or two out of the 11 to
exhibit apparent extension due to source confusion.
Therefore, the existence of extended emission (on the
order of 30") from A480 and A2235 must be treated
with caution.

We thank the members of the large area experiment
team at NRL for their contributions. The HEAO
project is managed by the George C. Marshall Space
Flight Center, and our work was supported by the
National Aeronautics and Space Administration
under contracts NAS8-33010 (NU) and DPR-7023A
(NRL). M. P. U. thanks the E. O. Hulburt Center for
Space Research and the HEAO I NRL team for
hospitality during the major portion of the data
analysis.
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FiG. 1.—Sky coverage, in galactic coordinates of the HEAO A 1 experiment from 1977 August 19 to September 10
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