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1. I n t r o d u c t i o n 

Observations of galaxies in the IR and optical (Lynden-Bell et al. 1989) suggest 
that the 600 km/s peculiar velocity of the LG (Local Group of galaxies) arises 
mainly from a foreground of anisotropically distributed mass within z = 0.013 (i.e., 
HR < 4000 km/s ) . Since the X-ray luminosity of bright extragalactic X-ray sources 
provides a good mass measure of the radiating objects involved and can be observed 
relatively free of galactic obscuration effects, such sources are likely candidates for 
serving as reliable tracers of the total underlying mass (i.e., dark as well as visible) 
responsible for the acceleration of the LG. In this connection, we note that the 
local gravitational dipole implied by the fifty X-ray brightest clusters of galaxies 
at z > 0.013 considered by Lahav et al. (1989) is relatively small compared with 
that inferred from the only three clusters at lower redshifts. Since the local space 
density of AGN (Active Galactic Nuclei) is about two orders of magnitude greater 
than rich clusters, however, such compact sources have the potential of providing 
a vastly improved statistical sample for tracing mass in the low-redshift region of 
particular interest. Furthermore, recent dipole analysis of the X-ray flux from bright 
AGN observed with HEAO-1 A2 indicates that they are indeed strong tracers of this 
matter (Miyaji and Boldt 1990). The implications of this for the very pronounced 
large-scale foreground anisotropics to be measured via low-redshift AGN resolved 
in more sensitive all-sky surveys are explored. 

For the total extragalactic X-ray sky, i.e. including the relatively large Cosmic 
X-ray Background (CXB) as well as the contribution of resolved sources, the dipole 
moment is small compared to the monopole. Because of the large peculiar velocity 
of the LG, however, it is found that the currently estimated value for this total 
dipole moment can already be used to set remarkably severe constraints on the 
volume emissivity arising from all X-ray sources within the present epoch. This 
provides significant limits on the CXB contributions of all source populations that 
are well represented in the local universe. 

2. D i p o l e M o m e n t s 

We know that the extragalactic X-ray sky is dominated by a nearly isotropic, unre­
solved CXB and suspect that there exists a proper frame in which it shows precise 
global isotropy. If this frame is anchored to that of the microwave background, then 
the solar velocity VQ = 380 k m / s relative to it yields an apparent dipole anisotropy 
(Compton and Getting 1935) in the observed surface brightness (B), with an apex 
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having galactic coordinates / = 267 deg, b — +50 deg (Lynden-Bell et al. 1988). 
The dipole moment (D) of this distribution over the whole sky is defined as 

D= / 5cos(6>)dfi (1) 
J An 

where 6 is the angle relative to the preferred axis. The monopole (M) is: 

M = I B&Q, (2) 
JA-K 

For a power-law energy spectrum of index (a) the dipole/monopole ratio (D/M) 
is 

D/M = (v0/c)[l + (a/3)]. (3) 

For a = 0.4, the value appropriate to the 2-10 keV CXB, D/M = 1.4 x 1 0 - 3 

(i.e., a small number) . Although this is compatible with the CXB global anisotropy 
estimated with HEAO-1 A2 (Shafer 1983), the precision of that determination is 
strongly limited by foreground fluctuations due to unresolved sources and possible 
extended regions of weakly enhanced surface brightness (Jahoda and Mushotzky 
1989). 

In sharp contrast to the small value of D/M for the unresolved CXB as a whole, 
the D /M ratio derived from the all-sky extragalactic foreground of discrete sources 
(at RH<4000 km/s) is very large. For examining this foreground we define 

£> = £St-cos(0.-) (4) 

M = ] [ > (5) 
i 

where Si is the flux from each individual source and 0{ the angle with respect to 
a direction (/ = 268 deg, b = +27 deg) defined by the peculiar velocity of the LG 
(Lahav et al 1989). In particular, for galaxies (mainly spirals) observed with IRAS, 
D/M ~ 0.2 (Lahav et al. 1988). For optically observed galaxies (ellipticals as well 
as spirals), D/M ~ 0.4 (Lynden-Bell et al. 1989). With sources observed in X-rays 
D/M ~ 0.5 for AGN's (Miyaji and Boldt 1990) and D/M £ 0.5 for the statistically 
weaker sample of clusters (Lahav et al. 1989). 

According to linear perturbation theory (Peebles 1980), the peculiar velocity v 
of the LG is given by 

v ~ g [2 / (3 / / ) ( p /pe ) - ° 4 (6) 

where H is the Hubble constant, p is the mean total mass density, pc is the critical 
closure density and g is the net gravitational acceleration vector at the LG. The 
magnitude of g is given by 

Iff 1= E Si cos(0,-) = 4nG(p/b)(D/M)R (7) 
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where the sum indicated is over gravity contributions (</;) arising from all mass ele­
ments within a radial distance (R), G is the gravitational constant and 6=(luminous 
contrast)/(mass contrast) is a "bias" factor characterizing radiative tracers of mass. 

In particular, using the values of D/M observed in various electromagnetic 
bands we infer from equations (6) and (7) that b (X-ray) > b (optical) m 2x[b(IR)], 
where b (optical) ss 2.7 {p/pcf

&\ see Lynden-Bell et al.(1989). 

3. Local X-ray Volume Emissivity 

Although the dipole fit to the global anisotropy of the CXB is compatible with what 
is expected from the Compton-Getting effect (Shafer 1983), well within statistical 
errors, the actual "best fit" apex (/ = 313 deg, 6 = +38deg) is closer to that of the 
peculiar velocity of the LG than it is to the direction of our own (solar system) 
motion relative to the proper frame of the microwave background. This suggests 
that some finite portion of this dipole moment arises from the anisotropic distri­
bution of unresolved X-ray sources which trace the underlying matter responsible 
for the peculiar velocity of the LG. In any event, the dipole moment resulting from 
anisotropically distributed unresolved X-ray sources can not exceed that for the 
overall X-ray sky. As such, the dipole moment of the overall X-ray sky can be used 
to set a limit on the local volume emissivity corresponding to the complete popu­
lation of present-epoch discrete X-ray sources (including those as yet unresolved) 
as well as all diffuse emission. In particular, since X-ray emission appears to be 
a strong tracer of matter, we can use the all-sky dipole moment (-DAII) and the 
observed peculiar velocity (i>) of the LG to set a significant limit on the local X-ray 
volume emissivity (q = M/R). To do this we note from equations (6)-(7) that 

q < (H/v)(DAn)/[b(Pc/p)oe} (8) 

where Z?AH is the magnitude of the total dipole moment obtained from the vector 
addition of the dipole moments associated with the Compton-Getting effect (CG), 
Resolved AGN (RA) and the apparent surface brightness enhancement identified 
with the Great Attractor (GA), viz: 

D A II = D C G + D R A + D G A . (9) 

The 4% enhancement in X-ray surface brightness over a 40 deg diameter region cen­
tered at a position (/ = 310 deg, b = +10 deg) identified with the GA (Jahoda and 
Mushotzky 1989) corresponds to a dipole moment in that direction of magnitude 

A 3 A = 1 . 2 X 1 0 - 3 M C X B , (10) 

where MCXB = 6.6 x 10 - 7 erg cm"2 s"1 is the CXB monopole (2-10 keV). (Such 
direct effects are discussed in detail by Goicoechea and Martin-Mirones (1990).) 
For the Compton-Getting effect we obtain via equation (3) that 

MCG = 1.4 x 10 3 M C X B - (11) 
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The dipole moment obtained from resolved AGN (Miyaji and Boldt 1990) is 
in a direction (/ = 313 deg, 6 = +38deg) 39deg away from the velocity vector 
characterizing the peculiar motion of the LG and has a magnitude 

DRA(2 - lOkeV) = 5 x l (T 1 0 e rg c m - 2 s _ 1 (12) 

Using equations (9)—(12) we obtain that Z?AH is in a direction (I = 297 deg, 
b = +35 deg) somewhat closer to that of the peculiar velocity of the LG and has a 
magnitude 

DAn = 2 0 X 1(T1 0 erg c m - 2 S - 1 (13) 

From equations (8) and (13) we obtain an upper limit to the local volume X-ray 
emissivity arising from all sources, viz: 

q < 5.9 x 1038 h erg s _ 1 M p c - 3 for all sources (14) 

where h = H/(b0 km s - 1 M p c - 1 ) and we have taken 6 = 2.7(p/pc)
06 for all sources 

of X-ray emission. It is interesting to compare this upper limit on the local composite 
volume X-ray emissivity with that coming from bright AGN having L(2-10 keV) 
> 1043 h~ 2 erg s _ 1 (Piccinotti et al.1982), viz : 

q = 2 x 1038 h erg s _ 1 M p c " 3 for bright AGN. (15) 

[The local volume X-ray emissivity (2-10 keV) arising from Abell clusters is < 
1 x 1038 h erg s " 1 M p c " 3 (McKee 1980; Piccinotti et al. 1982).] The upper limit 
given by equation (14) provides a severe constraint on other possible populations of 
extragalactic X-ray sources in the present epoch, such as the moderate redshift faint 
radio galaxies proposed by Helfand et al. (1989) to be major CXB contributors. In 
particular, without evolution, all such other source populations can make no more 
than a 20% contribution to the CXB (2-10keV). 

4. Future P r o s p e c t s 

Assuming a present-epoch density of about 1 0 - 6 h 3 M p c - 3 for rich (R > 1) 
clusters (Bahcall 1988) the number expected within the critical foreground region 
(HR <4000 km/s ) corresponds to only a couple of objects or so. This is clearly too 
few for their effective utilization in tracing the anisotropic distribution of matter 
responsible for the peculiar motion of the LG. On the other hand, for an AGN 
space density of about 1 0 - 4 h 3 M p c - 3 for Lx > 1042 h~ 2 erg s _ 1 (Persic et al. 
1989) the number expected in this foreground region would be a few hundred. And 
the number expected over twice the critical depth (i.e., within HR « 8000km s~ ) 
would be more than a thousand, ample for studying the dipole growth with respect 
to redshift in the interesting region where preliminary results based on a limited 
sample of AGN (Miyaji and Boldt 1990) indicate the approach of a plateau (i.e., 
saturat ion). The spectral homogeneity (2-10keV) of AGN and the good correlation 
of their X-ray luminosity with the mass of the underlying supermassive blackhole 
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(Wandel and Mushotzky 1986) renders these sources potentially powerful and inter­
esting tracers of all gravitational mass. A suitable all-sky X-ray foreground survey 
of AGN could be used to answer the question: "How do supermassive blackholes 
trace the overall underlying mass distribution responsible for the peculiar velocity 
of the Local Group?" 

The sensitivity (2-10 keV) required for the all-sky survey of foreground AGN 
described above would be 3.3 x 1 0 - 1 3 erg c m - 2 s _ 1 . Although the ROSAT all-
sky survey is expected to be at this sensitivity level below 2 keV, it does not 
have sufficient response within the higher energy band needed for an unbiased 
AGN survey (i.e., one minimizing the effects of galactic absorption and spectral 
variations). Deepening the all-sky survey to H R R S 3 0 , 0 0 0 km/s (i.e., z « 0.1) would 
require a sensitivity of about 2 x 1 0 - 1 4 erg c m - 2 s - 1 (2-10 keV), comparable to 
that of the high sensitivity small-field survey (1-3 keV) of the Einstein Observatory. 
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