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Abstract

The extended self-similarity (ESS) of cosmic microwave background (CMB) radiation has been studied using recent data
obtained by the space-craft based Wilkinson Microwave Anisotropy Probe. Using the ESS and the high angular scale resolution
(arcminutes) of the data it is shown that the CMB temperature spammentsexhibit considerable and systematic declination
from Gaussianity for high order moments at the small angular scales. Moreover, the CMB space increment ESS exponents have
remarkably close values to the ESS exponents observed in turbulence (in magnetohydrodynamic turbulence).
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Interaction of the primordial magnetic filed withthe The release of the first results from the Wilkinson
baryon—photon fluid is widely discussed as a possi- Microwave Anisotropy Probe (WMAP) can be very
ble origin of the space anisotropies of the cosmic mi- helpful for this problem. The high angular resolution
crowave background (CMB) radiation [1-6]. Recent (arcminutes) and space-craft origin of the WMAP data
analysis of the COBE data [6] showed that for very make the WMAP temperature maps very attractive.
large cosmological scales (larger thar? lthe Ander- In present Letter we will use a map made from
son localization makes it impossible for the electro- the WMAP data [11]. The observations were made
magnetic fields to propagate. However, for the angular at frequencies 23, 33, 41, 61 and 94 GHz. The en-
scales less tharf4he electromagnetic fields can be ac- tire map consists of 3145728 pixels, in thermody-
tively involved into macroscopic dynamics (including namic millikelvins. The map was cleaned from fore-
turbulent motion of the baryon—photonfluid [1,7-10]). ground contamination (due to point sources, galactic

dust, free—free radiation, synchrotron radiation and so

forth). Since some pixels are much noisier than oth-
msponding author. ers and there are noise correlations between pixels,
E-mail addressark2@eudoramail.com (A. Bershadskii). Wiener filtered map is more useful than the raw one.
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Fig. 1. Logarithm of moments of different ordefi\ 7 |”) against p

logarithm of(|ATr\3) for the cleaned and Wiener-filtered WMAP
data. The straight lines (the best fit) are drawn to indicate the
scaling (2).

Fig. 2. The exponentg, (open circles) extracted from Fig. 1 as
slopes of the straight lines. The dashed straight line corresponds to
the Gauss distribution;, = p/3), while the crosses correspond to
the turbulence ESS [12].

Wiener filtering suppresses the noisiest modes in a
map and shows the signal that is statistically signifi- ent turbulent processes):
cant.

The main tool for extracting cosmological informa- (AT |7) ~ <|AT,|3)§F, 2
tion from the CMB maps is the angular power spec-
tra. However, such spectra use only a fraction of the
information on hand. An additional tool is the prob-
ability density function (PDF) of the CMB tempera- _p 3)
turefluctuationsor deviations from a mean value. The °? — 3°
WMAP temperature fluctuations have been confirmed Thgrefore, systematic deviation from the simple law
to be Gaussian. Now, taking advantage of the good an- 3) can pe interpreted as deviation from Gaussianity.
gular rgsolutlon of t_hls map, we can study statistical Ap, additional remarkable property of the ESS is that
properties of angulancrementf CMB temperature o ESs holds rather well even in situations when the
for different vqlues of angular separation. The incre- ordinary scaling does not exit, or cannot be detected
ments are defined as due to small scaling range (that takes place in our
case) [12].

Fig. 1 shows logarithm of moments of different
wherer is dimensionless vector connecting two pixels orders(|AT;|?) against logarithm of|AT}|3) for the
of the map separated by a distam¢and the structure  cleaned and Wiener-filtered WMAP data. The straight

For any Gaussian process the expongpt®bey to
simple equation

AT, =(T(R+1) - T(R)), @)

functions of orderp as (|AT,|?) where(-) means a lines (the best fit) are drawn to indicate the ESS (2).
statistical average over the map. Fig. 2 shows the exponents, (open circles)

It is well known that for complex stochastic (turbu- extracted from Fig. 1 as slopes of the straight lines. We
lent) systems the temperature fluctuatiéfis= T — also show (dashed straight line) in Fig. 2 dependence

(T) themselves can exhibit rather good Gaussianity, of ¢, on p for the Gaussian distributions (3).

while the space increments (1) are significantly non-  One can see that starting from >~ 6 the data
Gaussian. So-called extended self-similarity is an use- decline systematically from the Gaussian straight line
ful tool to check non-Gaussian properties of the data. and follow, in this declination, quite close to the ESS
The ESS is defined as the generalized scaling (see, forexponents observed for turbulence [12] (indicated in
instance, Ref. [12] for application of the ESS to differ- the figure by the crosses).
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