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ABSTRACT 

Abell 1185, a richness class 1 cluster of galaxies (cf =9800 km s_1), has kinematic and x-ray substructure. 
We measure 39 new velocities in its field, bringing the known cluster population to 82 galaxies within 
\Ah~l Mpc of the cluster center. The sample has a depth of mÄ—15.8, and no substantial spatial bias. In 
addition to the optical data we reanalyze a deep (11 459 s) Einstein x-ray observation. Clumps in the 
velocity distribution of All 85 are localized on the sky. The Dressier-Shectman test confirms the existence 
of subclumps with >99% confidence. X-ray emission from the cluster also appears complex; contributions 
from individual galaxies within A1185 are detectable. The brightest unresolved x-ray source coincides with 
an elliptical galaxy which contains an active LINER nucleus. Throughout the paper we define //0= \00h 
km s"1 Mpc-1, and unless otherwise indicated, we assume h= \. © 1996 American Astronomical Society. 

1. INTRODUCTION 

During the past decade we have witnessed a rapid in- 
crease in the sample of well-studied dynamically young clus- 
ters of galaxies (Dressier & Shectman 1988, hereafter re- 
ferred to as DS88; Fitchett & Webster 1987; Fitchett 1988; 
Mohr et al. 1993; Henry & Briel 1995; den Hartog 1995; 
Mohr et al. 1995). These systems contain gravitationally 
bound subcondensations. Here we show that A1185 (Abell 
1958) is a system where subclumping plays a significant 
role. We extend existing statistical tools for detecting sub- 
structure in optical (DS88) and x-ray (Soltan & Fabricant 
1990, hereafter referred to as SF90) data. 

Table 1 compares the results of previous studies of A1185 
with our own. Hoessel et al. 1985 show that the brightest 
cluster galaxy (BCG) contains two nuclei with a separation 
of 3.2 kpc and Au = 58 kms-1. Rhee 1989 (hereafter re- 
ferred to as R89) searches for substructure but finds none 
because he does not use radial velocities. He also fits a lu- 
minosity function to a set of Æ-band magnitudes. Zabludoff 
et al. 1993 (hereafter referred to as ZGHR93) include All85 
in their investigation of the distribution of cluster velocity 
dispersions. 

In the x ray, Jones & Forman 1984 (hereafter referred to 
as JF84) and Rhee & Latour 1991 (hereafter referred to as 
RL91) fit surface-brightness profiles. JF84 also compute 
x-ray masses, and RL91 measure the ellipticity of the profile 
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and the position angle, and find that the BCG is within one 
core radius of the x-ray center. We show, however, that the 
BCG has a peculiar velocity comparable to the cluster’s glo- 
bal velocity dispersion. SF90, whose technique we adopt and 
extend, look for fluctuations in the x-ray emission profile of 
a large sample of Abell Clusters, and find fluctuations in 
All85 at the 2a level. We bin the same data for greater 
sensitivity, and supplement the x-ray observation with optical 
data. 

We describe our observations and data reduction in Sec. 2, 
and determine cluster membership in Sec. 3. In Sec. 4 we 
show that All85 has statistically significant structures in its 
velocity distribution, and that these structures are localized 
on the sky. We describe the x-ray data in Sec. 5, and in Sec. 
6 we show that emission from individual galaxies contributes 
detectably to the total cluster emission. We summarize our 
findings in Sec. 7. 

2. OBSERVATIONS AND DATA REDUCTION 

Using Space Telescope Institute (STScI) scans of the 
Palomar Observatory Sky Survey (POSS), we select all gal- 
axies with red-band mSTScI ^ 16.0 within a field of area 
2.22° sq. This region corresponds to a circle of radius 1.4h~l 

Mpc at the distance of All85. 
Because of plate-to-plate variations in the STScI instru- 

mental magnitudes, and because our field crosses the bound- 
ary of two POSS plates, we calibrate the photometry using 
the Century Survey (Thorstensen et al. 1995). This redshift 
survey contains CCD-calibrated magnitudes of galaxies in a 
102° sq. region which crosses the A1185 field. The resulting 
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Table 1. Properties of Abell 1185.a 

This Paper RL91, R89 

Äcirc (Mpc) 
Nx 

Är (km s-i)«= ^cluster (km g-l) ¿0.25Mpc 
ffO-25^' (km S"1) 

rc (Mpc) 
ß 
L°/5Mpc (1042 e 
Mi5Mpc'(M0) 

Kinematic Properties 
1.4 
82 

0.0326 ±0.0003 
746 

736(í^) 
0.0310 ±0.0003 

604(íi25) 

1.5 
69 

0.0326 ±0.0003 
744 

718(í£) 

X-Ray Properties^ 
0.104 ± 0.06 

0.58 ± 0.2 
5.5 ±0.1 

0.035-0.205 
0.4-0.8 

4.0 ±0.2 
4.1 x 1013 

lb 

5 
0.0304 

745 

“For consistency with the optical analysis we have transformed data from JF84 and RL91 to 
Hq = 100 km s_1 Mpc-1. In our column we list the optical properties of only the magnitude- 
limited sample. The ZGHR93 sample is not magnitude-limited; that of RKH89 is complete to 
mR = 18.0 but has no velocity information. Rare is the radius of the analysis region; Nz is the 
number of cluster members with redshifts. 

bRKH89 use “an area large enough to include” 1 Mpc. 
cSee Danese et. al. 1980. dWe fit the ß models after subtracting the eastern point source. RL90 assume /? = 1 and hold it 

constant in their fits. eOur value is bolometric; JF84 compute the 0.5-3.0 keV luminosity. 

corrected magnitudes appear in Fig. 1. The dotted lines show 
the overlap region of the two POSS plates. 

Vignetting effects decrease the POSS plate sensitivity 
near the boundaries; we minimize these effects by choosing 
our galaxy sample from the union of the two plates. The 
region of plate overlap contains 73% of the galaxies. The 
magnitude limit increases with distance (in R.A.) away from 
the center of the region, with a maximum deviation of 0.15 
mag across the 2.8/2“1 Mpc width of the field. The deviation 
is smaller than the average error in the calibrated magni- 
tudes, o-m/?=0.3. The sensitivity does not vary with declina- 

RA 1950 

Fig. 1. Magnitude sky plot. The size of the points is proportional to their 
calibrated apparent magnitude. Triangles represent galaxies with previously 
measured redshifts; the circles are our new velocities. Filled points are clus- 
ter members: unfilled ones indicate foreground or background galaxies. The 
square shows the x-ray emitting region we consider in Sec. 5. The dotted 
lines contain the region where the Palomar plates overlap. 

tion. The calibrated effective depth is 15.8 for the entire 
field. 

There are 101 galaxies with mR^l5.8 within 1.4/2“1 Mpc 
of the cluster center. For 62 of these we obtained velocities 
from the literature. During 1995 March we measured red- 
shifts for the remaining 39 galaxies using the FAST spec- 
trograph (Fabricant 1994) on 1.5 m Tillinghast reflector on 
Mt. Hopkins, Arizona. Exposures were 5-10 min for spectra 
covering the wavelength range 4000-7500 Â. We compute 
redshifts with XCSAO (Kurtz et al. 1992), which employs 
cross-correlation techniques on log-wavelength binned spec- 
tra (Tonry & Davis 1979). Velocity errors are approximately 
40 km s“1. Table 2 lists velocities for our sample; * indicates 
new measurements. 

3. CLUSTER MEMBERSHIP 

The histogram in Fig. 2(a) shows the previous velocity 
measurements (shaded bars), and our new ones (white bars). 
The large peak near 9800 km s“1 is clearly the cluster. We 
determine the cluster membership using the method outlined 
in Zabludoff et al. 1993. First, we remove all galaxies more 
than 2000 km s“1 from the nearest galaxy in the peak. For 
this newly defined “test sample,” we compute the velocity 
dispersion cr and the mean v. We then rank the right-hand 
and left-hand peculiar velocities 

(1) 

(2) 

ri=\vi-v\, Vi>v, 

lj=\Vj-vl Vj<V, lj>lj-l' 

Then we find the smallest i,j such that 
ri~r 

We remove all galaxies with from the test sample, 
recompute cr and v, and repeat the procedure until no galaxy 
satisfies conditions (2). 

By applying this procedure to our galaxy sample, we find 
82 cluster members for A1185; of these, 31 are the results of 
our new spectroscopy. The total foreground/background con- 
tamination (19 galaxies) is consistent with the expected num- 
ber 

ris.s 

J -00 
^nonmember=2.2X C0\Od°mdm 

= 18, (3) 

for a uniform background determined from the Century Sur- 
vey, where Jo=0-6l0±0.005 and C0 yields 3.67±0.08 gal- 
axies per magnitude per square degree at mR = \5.Q. 

4. VELOCITY SUBSTRUCTURE 

Figure 2(b) shows the 82 member galaxies. The bins in 
this histogram are 250 km s“1, five times a pessimistic esti- 
mate of the average error in the velocities. The distribution 
appears to have structure: three peaks at approximately 8500, 
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RA (1950) 

11:04:26.5 
11:04:30.6 
11:04:36.1 
11:05:09.6 
11:05:28.2 
11:05:32.6 
11:05:32.7 
11:05:33.9 
11:05:43.1 
11:06:00.0 
11:06:09.3 
11:06:27.0 
11:06:47.0 
11:06:47.3 
11:06:51.3 
11:06:57.9 
11:06:59.8 
11:07:00.1 
11:07:08.4 
11:07:27.3 
11:07:31.6 
11:07:32.1 
11:07:33.5 
11:07:36.2 
11:07:36.9 
11:07:39.5 
11:07:45.0 
11:07:45.5 
11:07:45.8 
11:07:47.7 
11:07:48.4 
11:07:52.3 
11:07:55.8 
11:07:56.9 
11:07:56.9 
11:07:58.2 
11:07:59.0 
11:08:01.0 
11:08:01.2 
11:08:02.0 
11:08:04.8 
11:08:05.2 
11:08:06.2 
11:08:10.3 
11:08:12.8 
11:08:13.2 
11:08:13.8 
11:08:14.0 
11:08:14.3 
11:08:17.0 
11:08:17.8 
11:08:18.0 
11:08:23.5 

Table 2. The magnitude-limited redshift sample. 

DEC (1950) v (km s-1) 

Cluster Members 
28:51:45 
29:03:08 
28:47:53 
28:46:14 
28:48:04 
28:48:42 
28:41:05 
29:06:51 
28:52:55 
29:13:15 
28:44:46 
28:56:35 
28:59:23 
28:57:43 
28:53:55 
28:56:56 
29:11:09 
28:31:25 
29:14:32 
28:52:59 
28:44:42 
28:36:25 
28:24:50 
28:50:32 
28:33:28 
28:53:50 
28:57:30 
28:57:57 
28:22:03 
29:42:44 
28:58:12 
28:45:49 
29:00:13 
28:35:16 
29:02:23 
28:58:41 
28:57:17 
28:43:45 
28:57:51 
28:25:39 
28:57:49 
28:32:58 
28:55:52 
28:58:25 
28:50:00 
28:29:34 
28:44:27 
29:35:57 
28:48:53 
28:56:55 
29:00:59 
29:36:27 
28:28:45 

10155 
9587 
9987 
9800 
9462 
9584 
9777 
9303 
9562 

10281 
10976 
9735 
9614 
9847 

11619 
11320 
9624 
9351 
9658 
9278 

11099 
10346 
10482 
9268 
9943 

11528 
9582 
8923 

10755 
8565 
9738 

10701 
9317 

10393 
(BCG) 10521 

8579 
9765 
9852 
9988 

10375 
9769 

10767 
8741 

10192 
9426 

10685 
9511 
8837 
9606 
9210 
9809 
8730 
9505 

Source 

b 
b 
a 
a 
* 
* 
c 
♦ 
c 
b 
b 
* 
b 
b 
* 
c 
* 
c 
b 
* 
* 
* 
b 
b 
b 
* 
b 
* 
c 
b 
* 
* 
d 
a 
e 
* 
* 
b 
* 
b 
e 
b 
b 
* 
* 
* 
c 
a 
* . 
c 
c 
* 

RA (1950) DEC (1950) 

11:08:31.5 28:58:58 
11:08:31.6 28:58:03 
11:08:33.6 29:13:15 
11:08:37.7 28:57:07 
11:08:38.4 29:17:31 
11:08:39.3 28:56:34 
11:08:41.6 28:31:59 
11:08:42.6 29:00:06 
11:08:43.5 28:48:31 
11:08:50.0 28:54:51 
11:08:52.6 29:01:35 
11:08:53.2 29:04:50 
11:08:53.8 29:01:00 
11:08:57.4 29:05:29 
11:09:02.6 28:09:30 
11:09:05.9 28:32:19 
11:09:07.8 28:52:10 
11:09:10.5 28:28:39 
11:09:10.6 28:12:33 
11:09:17.2 29:44:57 
11:09:18.0 29:41:56 
11:09:38.4 28:50:31 
11:10:02.2 28:33:15 
11:10:09.3 28:20:31 
11:10:20.4 29:01:19 
11:10:45.3 29:13:28 
11:10:46.6 28:40:46 
11:11:36.0 28:49:49 
11:11:48.1 28:53:46 

v (km s"1) Source 

8853 * 
(LINER AGN) 8754 * 

9039 c 
8826 b 
9285 c 
8717 b 

10652 
9576 
9161 
8539 
9498 
9520 
8564 b 
9792 c 

10574 b 
10759 b 
9753 
9391 

10590 
10240 c 
8653 c 

10002 * 
10475 c 
10248 a 
8719 c 

10255 c 
10357 * 
10306 b 
10565 c 

Foreground/Background Galaxies 

11:06:05.4 
11:06:27.5 
11:06:44.6 
11:07:25.2 
11:07:35.4 
11:07:43.2 
11:08:01.2 
11:09:22.4 
11:09:28.8 
11:09:36.1 
11:09:46.3 
11:09:51.7 
11:09:53.8 
11:10:12.5 
11:10:13.2 
11:10:14.4 
11:10:25.6 
11:10:31.5 
11:10:53.2 

29:24:10 
28:20:50 
29:30:29 
28:36:52 
29:18:56 
28:58:45 
28:52:37 
28:45:27 
29:44:04 
28:19:09 
28:32:58 
28:18:08 
28:18:46 
29:05:00 
28:16:21 
28:39:42 
28:19:30 
28:31:58 
28:54:03 

23527 b 
13947 * 
14140 c 
13962 * 
7512 c 

21177 c 
22079 * 

1554 b 
23950 * 
14141 b 
14179 * 
14141 a 
13803 b 
31555 * 
14012 b 
6404 a 
6416 b 

14208 * 
19028 * 

Vvelocity errors are ±40 km s 1. 
Sources: *—This paper; a—Zabludoff et. al. 1993; b—Huchra et. al. 

1995; c—Thorstensen et. al. 1995; d—de Vaucouleurs et. al. 1976; e— 
Hamwey 1987 

9500, and 10 500 km s-1, and a high-velocity tail at 11 500 
km s_1. We refer to these apparent structures as 
Pi, P2y P3, and P4, respectively. 

Figure 3 shows qualitative evidence for kinematic sub- 

structure in All85. The division of the velocity peaks is 
somewhat arbitrary, but P2 is clearly the core, and Px and P3 

seem segregated on the sky. To evaluate the significance of 
this apparent kinematic substructure, we employ a test devel- 
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(a) 

Fig. 2. Velocity Histograms. The distribution of velocities for the entire field 
(a), and the cluster members only (b). Shaded bars indicate velocities from 
the literature, and the unshaded portions of the histogram are our new mea- 
surements. 

(a) 

Fig. 4. The Dressler-Shectman statistic as a function of n. (a) shows the 
value of A0, computed for the true cluster A1185, as a function of the small 
group size. The error bars show the 68% confidence interval. The straight 
line shows A0=N=82, below which A0 is a priori not significant, (b) shows 
PFaise, the probability that A0 is large by accident, garnered from 500 Monte 
Carlo simulations of the cluster. 

oped by Dressier & Shectman 1988 (DS88). For each of the 
Niot members of a cluster, we find the nearest n - 1 galaxies 
to form a subgroup of size n. For each subgroup we compute 
the deviation statistic 

S^-^iiO-ßoy + icr-aro)2], (4) 
°0 

Fig. 3. Galaxy positions associated with the four velocity peaks. The shaded 
portion of the velocity histogram is the peak shown in each plot. 

where v0 and cr0 are the mean velocity and dispersion for the 
cluster, and v¿ and crl are the same quantities for the sub- 
group. The value of ^ measures the deviation of the sub- 
group’s local kinematics (indicated by v, and <t¿) from the 
global kinematics of the entire cluster (i;0 and cr0). The sum 
of all the local deviations, 

*tot 
Si, (5) i=l 

is a measure of the degree of substructure in the cluster. 
There is an uncertainty in A0, e(A0), which arises from mea- 
surement errors in a and v. We compute these latter errors 
using the procedure outlined in Danese et al. 1980, and de- 
rive € by applying Gaussian error propagation. Again, we use 
a pessimistic estimate of the velocity measurement errors (50 
km s“1). 

A large value of A0 is only a preliminary indicator of 
significant substructure. The A statistic requires calibration 
by shuffling all the velocities a large number M times, keep- 
ing the sky positions constant. This Monte Carlo technique 
yields M simulated values of A. A conservative estimate of 
the probability that the observed A0 is large as a result of 
statistical fluctuations is 

False 
Nsim>K° 

M (6) 

A¿^A0-6(A0), (7) 

where 6(A0) is the 68% confidence uncertainty in A0. In 
other words, PFaise is the fraction of simulations that had 
Asim>Aoir. A very small PFaise means that A0>A is signifi- 
cant, which in turn is an indicator that deviations from the 
cluster’s global kinematics are localized. 
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Fig. 5. Local contributions to the Dressier-Shectman statistic for n = 6. The 
contour plot shows 8{x,y) after Monte Carlo calibrations. As in Eq. (4), Ô is 
in units of the global velocity dispersion. The positions x and y, are the mean 
R.A. and DEC of the n-member subgroup, weighted by each galaxy’s con- 
tribution to that 8. The various graphical symbols correspond to galaxies in 
PX-PA (see Fig. 2). 

Figure 4 shows the results of the Dressier-Shectman test 
as a function of n, the small group size. We use M = 500 for 
the calibrations, and vary n from 6 to 60 (DS88 use n= 11) 
for a total of 27 500 simulations. Over the 12 500 simula- 
tions in the range n = 6-30, Asim>Aoi7 only once. The range 
where A0 is large and significant is a measure of the size of 
the kinematic substructures. 

Figure 5 is a contour plot of 8(x,y) for n = 6. As men- 
tioned above, the values of Ô require calibration; we have 
subtracted ^sim(x,y) (the average values of 8i for the 
M = 500 Monte Carlo simulations of this cluster) and display 
the residuals. The peaks in this function are the chief con- 
tributors to the large value of the A0 statistic. 

These plots support the qualitative impression drawn from 
Fig. 3. The southern peak in Fig. 5 includes galaxies belong- 
ing to P3, and the larger central peak and the northern peak 
coincide with galaxies in Fj. The Dressier-Shectman test 
confirms substructure in A1185 at better than the 99% con- 
fidence level. Note that the substructures lie primarily along 
the declination axis, and are therefore insensitive to the 0.15 
mag, R.A.-directed gradient in the limiting magnitude of the 
survey. 

5. THE X-RAY DATA 

The Einstein Satellite’s Imaging Proportional Counter 
(IPC, sensitive in the 0.16-3.5 keV energy band) observed 
A1185 for 11 459 s on 1980 May 16. Table 1 lists the x-ray 
properties of the cluster; for comparison we also provide 
some values computed for A1185 by Jones & Forman 1984 
(JF84) and Rhee & Latour 1991 (RL91). David et al 1993 
report an x-ray temperature of 2.8-5.9 keV. 

Fig. 6. The x-ray profile of All 85. We have background subtracted the data, 
correcting for the Einstein IPC vignetting effects and smoothing by the IPS 
PSF. The first contour corresponds to a surface brightness of 4.4 counts 
arc min-1 or 1.7X1043 ergs s_1 Mpc-2, the 3cr detection level. Contours then 
increase logarithmically to 32 counts arcmin-1 or 1.2X 1044 ergs s-1 Mpc-2. 
The cross marks the position of the x-ray center, the plus sign (“+”) locates 
the eastern peak. A small square marks the BCG. 

Figure 6 shows a contour plot of the x-ray emitting re- 
gion, superimposed upon an STScI scan of the POSS. This 
region corresponds to the small square in Fig. 1. The first 
contour represents emission at a level 2kt above the back- 
ground. We have binned the original 8" pixels into 32" pix- 
els, and smoothed the image with a Gaussian approximation 
to the point spread function (PSF). The approximate PSF has 
cr~38", which at the distance of A1185 corresponds to 
\%h~l kpc. 

We first turn our attention to the secondary peak to the 
east of the main one. Its center, computed using luminosity- 
weighted moments and marked with a “ + ,” is superposed 
upon two bright galaxies. To measure its extent, we fit its 
profile to a two-dimensional Gaussian. Assuming Poisson er- 
rors for the data points, x^lv (see Press et al 1994, Sec. 14.1) 
is 1.67. The resulting cr=38.4"±14" is indistinguishable 
from the IPC PSF with o-=38". The centroid of this peak is 
~40" from either galaxy, and is consistent with the galaxy 
positions within the statistical and systematic errors. 

We obtain the total x-ray luminosity of this eastern peak 
by integrating the analytic form of the best-fit PSF. The re- 
sulting value, 6±0.5X1040 ergs s-1, is about 1% of the total 
bolometric x-ray luminosity of the cluster. 

The optical spectrum of the southern elliptical galaxy 
(Fig. 7, from the FAST spectrograph) is consistent with that 
of low-ionization nuclear emission-line regions (LINERs; 
Heckmann 1980 (hereafter referred to as H80). This spec- 
trum satisfies all of H80’s line strength criteria for LINERs: 
[O llMO m]; [O i]^5[0 m]; furthermore, [N n>0.6 Ha, an 
additional property peculiar to most LINERs in elliptical gal- 
axies (see Ho et al. 1993). 
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Wavelength in angstroms 

Fig. 7. The spectrum for NGC 3561s. NGC 3561s is the southern of the two 
galaxies coincident with the eastern x-ray peak. The spectrum shows the 
properties of a LINER. 

LINERs typically have x-ray luminosities between 
log Lx~39.3-41.4 (/i = 1) (Fabbiano 1995), consistent with 
the total luminosity of the eastern peak. The northern candi- 
date is a spiral; x-ray emission for normal spirals is typically 
log L*=37.4-39.4 (Fabbiano et al. 1984). In view of these 
luminosity ranges, it is likely that the LINER dominates 
x-ray emission from the eastern peak. 

In what follows we remove the eastern point source from 
the image, obtaining the map in Fig. 8. This plot also dis- 
plays the size of the x-ray core radius in the yß-model profile: 

/ j,2\ —3/3+ 1/2 
^ = 50|l + ^J . (8) 

We perform a three-parameter minimization of the chi- 
square statistic, and find /3=0.104±0.06 and rc=0.58±0.2 
Mpc; rflv is 0.34. Our values agree with JF84; RL91 assume 
ß= 1 for all their clusters. 

The cross “X” in this figure indicates the x-ray center of 
the cluster, computed using the luminosity weighted mo- 
ments of the image. The first rank or brightest cluster galaxy 
(BCG) is ~rc from the x-ray center, in agreement with 
RL91. However, the BCG has a large peculiar velocity: it 
belongs to P3, with vBCG — v0 = 753 ± 70 km s-1~<t0. Be- 
cause its velocity differs from the mean velocity of the clus- 
ter by an amount comparable with the global velocity disper- 
sion, we conclude that the BCG is probably not associated 
with the center of the cluster potential well. 

6. FLUCTUATIONS IN THE DIFFUSE X-RAY EMITTING GAS 

If individual galaxies other than the LINER contribute 
significantly to the total cluster x-ray emission, these contri- 
butions should appear as fluctuations in the smooth profile in 
Fig. 8. However, such fluctuations could also arise from 
background sources and instrumental effects. Soltan & Fab- 
ricant 1990 (SF90) develop a method for detecting signifi- 
cant “lumpiness” in excess of these latter effects. 

Using a best-fit ß model for a given cluster, SF90 con- 
struct a large number of simulated observations, including 

Fig. 8. The x-ray profile of A 1185 after the subtraction of the eastern peak. 
We remove the peak marked with a “ + ” in Fig. 6 by replacing a circular 
area of radius 3"X38" with an average of its neighboring pixels. We use this 
profile for subsequent analysis. Each tick marks one core radius; the small 
square contains the BCG. 

statistical noise, instrumental modulations peculiar to the 
IPC, and foreground/background sources. The flux distribu- 
tion of the background sources is taken from Gioia et al. 
1984 and Gioia et al 1990. 

To test for statistically significant fluctuations within a 
particular region, SF90 compute the mean square pixel-by- 
pixel difference between the best-fit ß model and each of the 
simulations: 

[counts (model) - counts(pixeli ) ]2 

where N is the total number of pixels in the region. For each 
pixel, rc and ß are constant, but is fit to reflect the fea- 
tures of the local profile, in order to prevent large-scale gra- 
dients from contributing to F. Fluctuations likely due to clus- 
ter galaxies are detectable if the fluctuation statistic F0 of the 
observed cluster is greater than a large fraction (SF90 use 
95%) of the fluctuations computed for the simulated clusters. 

SF90 bin the x-ray data spatially into 64" pixels, and use 
a series of nonoverlapping annuli as their analysis regions. 
For A1185 they find fluctuations at the 2a level above the 
expected Poisson fluctuations. They do not remove the unre- 
solved source to the east, which we discuss above, but the 
fluctuations are detectable at smaller radii. 

We bin the data into 32" pixels. Our fluctuations are con- 
sistent with those of SF90 in the same annuli. However, we 
also compute a cumulative distribution of fluctuations as a 
function of radius [Fig. 9(a)]. Our analysis region is always a 
circle of radius r from the cluster center, omitting an inner 
circle of radius 2 pixels (0.25rc) in order to leave out large 
fluctuations introduced by the core. 
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2’ ‘ 4’ (a) 6’ 8' 10’ 

(b) 2’ 4' 6’ 8’ 10’ 

Fig. 9. The Einstein IPC observation of All85 is only marginally consistent 
with a ß model including background sources, statistical fluctuations, and 
instrumental modulations, (a) shows the cumulative mean pixel-by-pixel 
deviation of All 85 from its best-fit ß model, (b) displays the fraction of our 
500 simulated clusters which show more fluctuations than the real cluster. 
Over rc<r<2rc, the fraction is ~3%. 

The results of our 500 simulations appear in Fig. 9(b), 
where we plot the frequency of simulated clusters with fluc- 
tuations greater than F0. In the region between rc and 2rc, 
well outside the brightest central region, yet still within the 
3 or x-ray detection contour, the observation is lumpier than 
97% of the simulations. Thus All85 is only marginally con- 
sistent with a pure ß model emitting with coincident back- 
ground sources. This result is a slight improvement of 
SF90’s 2<t detection, because looking at fluctuations in cu- 
mulatively larger regions reduces the amplitude of the Pois- 
son noise which dominates the total fluctuations. 

Figure 10 traces the contributions of individual pixels to 
Fq . The contours measure the square deviation of each pixel 
from the value predicted for that pixel by the ß model. 

We now use the SF90 technique to place an upper limit on 
emission from galaxies in A1185. To construct a model, we 
place unresolved x-ray sources at the positions of galaxies 
within the desired region. Then we add a ß model modified 
so that the total x-ray luminosity of the cluster remains con- 
stant. Finally, we supply the instrumental modulations and 
statistical noise. 

We already have positions for galaxies with mÄ^15.8. We 
obtain additional galaxies with m^^l6.8 by using the Faint 
Object Classification and Analysis System (FOCAS; Tyson 
1990; Valdes et al 1993) on POSS scans by the STScI. We 
calibrate our magnitudes using the Century Survey, applying 
the same method as in Sec. 2. This technique yields 16 gal- 
axies with mÄ^15.8 and 21 galaxies with 15.8^mÄ^16.8 
within the region 0^r^2rc. We limit our investigation to 
2rc to remain within the limits of 3o- x-ray isophote. Over 
this isophote POSS plate effects are negligible. Approxi- 

Fig. 10. Fluctuation map for All85. The contour map shows the pixel-by- 
pixel deviation of the cluster x-ray profile from the best-fit ß model. The 
lowest contour corresponds to a surface-brightness fluctuation of 2.2X 1043 

ergs s”1 Mpc-2, proceeding logarithmically up to 5.1 X1043 ergs s“1 Mpc”2. 
The peaks in the fluctuations show some correspondence with the positions 
of individual galaxies. Each tick marks one core radius. 

mately 1 of the faintest 21 sources should be a background 
galaxy. 

We run three sets of 500 simulations each, including the 
37 mÄ^16.8 galaxies. In each of the 1500 simulations, we 
assign every galaxy an x-ray luminosity randomly drawn 

2' 4’ (a) 6' 8’ 10’ 

Fig. 11. Constraining the mean point-source emission in A1185. (a) is the 
same as Fig. 9(a). (b) shows the fraction of 500 simulated clusters with more 
fluctuations than the real cluster, as a function of radius and mean log x-ray 
emission (three curves with mean log x-ray emission as indicated on the 
plot). 
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from a normal distribution with mean logLx=39.4 (set 1), 
39.9 (set 2), or 40.4 (set 3) in ergs s-1; the log standard 
deviation is 0.6 for all sets. The third set, lot Lx=40.4 {h 
= 1), corresponds to the mean emission of a sample of field 
E and SO galaxies from Eskridge et al 1995 (hereafter re- 
ferred to as EFK95). The mean emission for the two other 
simulations is simply a decrement of log Lx=0.5. 

Figure 11 shows the results of all three sets of simula- 
tions. Outside rc, fewer than 10% of the simulations with 
point sources at log Lx=39.4 show more fluctuations than 
the data. 

However, about 50%-70% of the simulations at 
log Lx=40.4 show more fluctuations than the cluster, while 
at logLx=39.9 the range is 20%-50%. Thus the Einstein 
IPC observation of All85 is consistent with a ß model co- 
incident with background sources, instrumental modulations, 
statistical fluctuations, and galaxies emitting at mean log Lx 

between 39.9 and 40.4 (in ergs s-1). We therefore cannot rule 
out emission from all the cluster galaxies at the EFK95 value 
for field ellipticals. 

7. CONCLUSION 

Dressler-Shectman test verifies at better than the 99% con- 
fidence level. The substructure identified by the test is local- 
ized on the sky. 

The subclumps in A1185 make it problematic to compute 
a virial mass for the whole system. Even within 0.25/î-1 

Mpc of the cluster center there is superposed substructure 
from three subclumps; the velocity dispersion or (0.25 Mpc) 
is comparable to the global velocity dispersion. Any mea- 
surement of a virial mass for this dynamically young system 
is likely to be a serious overestimation; we do not attempt it. 
The x-ray mass computed by JF84 (4.1 X1013 within 1.5 
Mpc, h=l) is likely to be a more robust estimate. 

There is evidence for x-ray substructure. An unresolved 
source distinct from the intracluster gas is coincident with an 
elliptical galaxy containing a LINER. Statistical test devised 
by SF90 show that the smooth emission profile may contain 
(at the 97% confidence level) fluctuations due to factors 
other than noise, instrumental modulations, and background 
sources. Further simulations show that the cluster is consis- 
tent with emission from the individual galaxies at a level 
comparable with that of field ellipticals. 

We have measured 39 velocities within \Ah~l Mpc of 
the field center of Abell 1185 in order to construct a redshift 
sample with an effective depth of 15.8. There are 82 
cluster members and 19 foreground and background galaxies 
in the region. The velocity distribution of the members 
shows evidence of kinematic substructure, which the 
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