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Abstract

The extended self-similarity (ESS) of cosmic microwave background (CMB) radiation has been studied using rec
obtained by the space-craft based Wilkinson Microwave Anisotropy Probe. Using the ESS and the high angular scale r
(arcminutes) of the data it is shown that the CMB temperature spaceincrementsexhibit considerable and systematic declinat
from Gaussianity for high order moments at the small angular scales. Moreover, the CMB space increment ESS expon
remarkably close values to the ESS exponents observed in turbulence (in magnetohydrodynamic turbulence).
 2003 Elsevier B.V. All rights reserved.
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Interaction of the primordial magnetic filed with th
baryon–photon fluid is widely discussed as a po
ble origin of the space anisotropies of the cosmic
crowave background (CMB) radiation [1–6]. Rece
analysis of the COBE data [6] showed that for ve
large cosmological scales (larger than 10◦) the Ander-
son localization makes it impossible for the elect
magnetic fields to propagate. However, for the ang
scales less than 4◦ the electromagnetic fields can be a
tively involved into macroscopic dynamics (includin
turbulent motion of the baryon–photonfluid [1,7–10
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The release of the first results from the Wilkins
Microwave Anisotropy Probe (WMAP) can be ve
helpful for this problem. The high angular resoluti
(arcminutes) and space-craft origin of the WMAP d
make the WMAP temperature maps very attractive

In present Letter we will use a map made fro
the WMAP data [11]. The observations were ma
at frequencies 23, 33, 41, 61 and 94 GHz. The
tire map consists of 3 145 728 pixels, in thermod
namic millikelvins. The map was cleaned from for
ground contamination (due to point sources, gala
dust, free–free radiation, synchrotron radiation and
forth). Since some pixels are much noisier than o
ers and there are noise correlations between pix
Wiener filtered map is more useful than the raw o
.
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Fig. 1. Logarithm of moments of different orders〈|�Tr |p〉 against
logarithm of 〈|�Tr |3〉 for the cleaned and Wiener-filtered WMA
data. The straight lines (the best fit) are drawn to indicate
scaling (2).

Wiener filtering suppresses the noisiest modes
map and shows the signal that is statistically sign
cant.

The main tool for extracting cosmological inform
tion from the CMB maps is the angular power sp
tra. However, such spectra use only a fraction of
information on hand. An additional tool is the pro
ability density function (PDF) of the CMB temper
turefluctuations, or deviations from a mean value. Th
WMAP temperature fluctuations have been confirm
to be Gaussian. Now, taking advantage of the good
gular resolution of this map, we can study statisti
properties of angularincrementsof CMB temperature
for different values of angular separation. The inc
ments are defined as

(1)�Tr = (
T (R + r) − T (R)

)
,

wherer is dimensionless vector connecting two pix
of the map separated by a distancer, and the structure
functions of orderp as 〈|�Tr |p〉 where〈·〉 means a
statistical average over the map.

It is well known that for complex stochastic (turb
lent) systems the temperature fluctuationsδT = T −
〈T 〉 themselves can exhibit rather good Gaussian
while the space increments (1) are significantly n
Gaussian. So-called extended self-similarity is an u
ful tool to check non-Gaussian properties of the da
The ESS is defined as the generalized scaling (see
instance, Ref. [12] for application of the ESS to diffe
Fig. 2. The exponentsζp (open circles) extracted from Fig. 1 a
slopes of the straight lines. The dashed straight line correspon
the Gauss distribution (ζp = p/3), while the crosses correspond
the turbulence ESS [12].

ent turbulent processes):

(2)
〈|�Tr |p

〉 ∼ 〈|�Tr |3
〉ζp .

For any Gaussian process the exponentsζp obey to
simple equation

(3)ζp = p

3
.

Therefore, systematic deviation from the simple l
(3) can be interpreted as deviation from Gaussian
An additional remarkable property of the ESS is t
the ESS holds rather well even in situations when
ordinary scaling does not exit, or cannot be detec
due to small scaling range (that takes place in
case) [12].

Fig. 1 shows logarithm of moments of differe
orders〈|�Tr |p〉 against logarithm of〈|�Tr |3〉 for the
cleaned and Wiener-filtered WMAP data. The strai
lines (the best fit) are drawn to indicate the ESS (2

Fig. 2 shows the exponentsζp (open circles)
extracted from Fig. 1 as slopes of the straight lines.
also show (dashed straight line) in Fig. 2 depende
of ζp onp for the Gaussian distributions (3).

One can see that starting fromp � 6 the data
decline systematically from the Gaussian straight
and follow, in this declination, quite close to the ES
exponents observed for turbulence [12] (indicated
the figure by the crosses).
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Since the quoted “turbulent” values of the e
ponent ζp are practically the same both for cla
sic Kolmogorov fluid turbulence and for the Alfven
wave dominated magnetohydrodynamic (MHD) t
bulence [12] it is impossible, using the presented d
decide—what type of turbulence (Kolmogorov’s
MHD) could be considered as the CMB modulati
origin in this case. According to the up to date know
edge of the processes in the cosmic baryon–ph
fluid the last (MHD) type of turbulence seems to
more plausible [1–5]. It is know now that the Alfve
waves with small enough wavelength, which can os
late appreciably before recombination, become o
damped (the photon mean-free-path becomes l
enough for dissipative effects to overcome the os
lations). In this case, the longest wavelength wh
suffers appreciable damping by photon viscosity,
a scalek−1 ∼ VALC

S , whereLC
S is the usual comov

ing Silk (or photon viscosity) scale andVA is the
Alfven speed. Since the Alfven speed isVA ∼ 3.8 ×
10−4Bpr 
 1 (Bpr is the present-day magnetic fie
in units 10−9 Gauss), only comoving wavelength
smaller than 1023Bpr cm suffer appreciable damp
ing. Therefore, it seems plausible that the arcmin
WMAP data could be modulated by the Alfven-wa
dominated turbulence, that results in the evident s
tematic declination of the small-scale WMAP temp
ature space increments from the Gaussianity (Fig.
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