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SUMMARY

We presént thé result of an experimént of thé Florénce group
which has detected a quadrupole anisotropy in the cosmic back-
ground radiation. We show that this result implies that the
Universe either has largé metric perturbations outside the par-

ticle horizon, or will become largely irregular in the future.



Although theor ethal cos nolograts have exproreo tne ropertles
of cosmologjcal models endowed W1th anlsotroples and 1nhomogene1t1es,
nevertheless it is widely bell eved that the actual universe is homo-
geneous and 1aotrop1c at large scales, so that any" global model cshould
be Friedmannian in order to be possibly related to physical reality.
Theoretlcal arguments also have been proposed to support this belief
(1). However it is hardly den1ab1e that the main reason for this
attltude is that an arbltrarlly 1rreoular universe would lack the
beauty and simplicity of the 1sotrop1c universe. This may be conq1dered
-as a remnant of the Ptolemalc view of the Cosmos and gratlfles our
instinctive expectation that the world would respect the human wish
for beauty and s1mp11c1ty. However one should relinquish any res1dual
anthropocentrism and leave any dec151on to exper1ment Unfortunately,
classical astronomlcal tests on the large scale structure of the

universe are not very stn51t1ve.

A powerful tcol for solving the issue of theyglobal prOperties

- of the universe 1is the investigation of the angular distribution of
the cosmic background radiation (CBR) dlscovered by Pen21as and Wilson
{2). Fluctuations of the radiation temperature have been saught at

no
‘—

many angular scales. At scales <= 1"- the radlatlon has been found
to be isotropic up to a few parts over 104 (3). However, in order to
get information on the cosmic structure we should look for temperature
anisotropies of the CBR at larger angular scales. Perhaps the first
piece of observatlonal ev1dence for a non- Frledmann1an universe is
provided by the recent experlnents of the Princeton and Berkeley
groups (4,5) who detected a dipole (i.e. first harmonic) anisotropy
‘ﬁT/T = 1x10-3. This result might impiy (tog[ed@r with optical data)
that a 1arge aggregate of matter comprising the Local Group and the
Virgo Cluster is moving at a speed of % 600 km/sec relative to‘the

CBR frame of referénce. However, it is more likely to Be explained

by tbe dynamics of rhe Local Supercluster (6) as p01nted out by White
and Silk (7). Although the existence of structure over tens of Mega~

parsecs is a further blow to our expectatlon for a unte symmetrlc

Universe, we recognize that such a s-~ale length is small in comparison
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with the conventional radius of the universe c/H, ﬁ!SOOO Mpc, or the
particle horizon 2c¢c/He. In order‘to attribute a certaln cosmologlcal
origin to the CBR anisotropy, it should be quadrupole—*ype , 1.e. should
be described by some second-order harmonic. A "local” phenomenon (say,
on the Local Supercluster scale or ]esq) can produce a dipole anisotropy
but not a quadrupole one. The clue to the detectlon of hlgher —-order
anisotropies in the CBR is the use of 1nfrared oetectors operatlng
1n the millimetric wavelength region, which have a hlgher sen31t1v1ty
than the standard radio systems. In July 1978 a balloon-borne infrared
1sotropometer was flown by our group (8) and measured the CBR
anisotropies in the 500-2000 pm band. Our 1nstrument was capable of
reaching an ultlmate sens1t1v1tyAAT/T = 2x107°. Another important
feature of the experlment was the use of a wobbllng mirror scannlng'
spots only 6° apart in the sky, So the temperature gradlent is actually
. measured, and anisotropy tomponents at angular scale d appear as
magnified by a factor ZWAJ with respect to the dlpole term, The main
results of the experlment are reported in Flgure 1. A quadrupole
term of amplitude Q = 0.9 mK clearly appears, about 15 standard

i
deviations above the noise level This result 1mp11es the ex1stence

of cosmic structure with length scale 2 c/Ho - and metrlc fluctuations
> 3x10~%, The ewperlment excludes the exlatenre of oerturbatlons
with comparable intensity at cales L> 100Mpc but still smaller than
the radius of the universe; in addition to the dlpole anisotropy

D = 3 mK, perturbations at sugh scales glve fluctuations with 2%« < 180°
with amplitude 1073 LH./2c. Since the sensitivity to higher harmonics
iso¢ 2¢c/LHg we should detect ‘luctuations of order lO“3 at €26°,which
instead are absent, (A prev1ous experlment (9) excludes fluctuations

of this order of magnitude at scales down to 2°). Several results can
be inferred. If the global topology is closed, the detected quadrupole
implies that some 1rregular1ty of order 10 =3 extends all over the
universe. If the universe is open but the perturbatlon arises from
homogeneous anisotropy (10) the situation is nearly the same as for
the closed topology; 1if on the other hand we have an inhomogeneous
fluctuation of léngth scale L finite, the maximum amplitude of the

metric perturbatlon (not detectable today since it is outside the

horizon) is ~10 (LH /c) and may be of order unity provided Lﬂ'lOSMpc.
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In order to prove these statements, we begin observing that in any
case the past history of the perturbatlon within the horizon is
described well by some anisotropic homogeneous model (a B1anch1 space
(11) ). In analogy with density waves (12), two modes of homogeneous
anisotropy exist, one of which decreases monotonlcally during the
expansion and is strongly affected by dlSSlpatlve mechanisms (13,14).
Extensive calculations in most general Bianchi spaces (5) have shown
that, due to neutrino viscosity operating at time t£1 sec., this

mode has amplitude £ 106 at redshift z = 103. A further mechanismn,

i.e. particle creatlon near the Planck t1me t~10 -43 sec, 1s very
effective in removing the primordial anlsotropy (14), and other mecha-
nisms might operate at early times. So we exclude that the detected Lot
anisotropy is due to this mode, and we must resort to the other one
which is driven by curvature an1sotrop1es and is llttle affected by
dissipation. For thls mode the anisotropy of the Hubble expan31on

* the present epoch 1s AH/H, 2 (AT/l) . If the~perturbatlon appears
outside the horizon as a density or a gravitational wave, the metric
perturbation is in both cases given by N(AH/HO)(HQL/C) . A vortex
motion on scale > c¢/H, should be excluded as a source of the quadru-
pole anisotropy, since 1t wouldfgive trouble for the primordial

formation of elements.

We can conclude that the metric perturbation superposed on the
Friedmann background is certainly greater than ~ 3x 164, and may be
much larger. It is important to notice also that it cannot decrease

in the future. As a matter of facts, the curvature-driven mode cannot
be damped in the future evolution, whether or not the perturbatiou
scale falls within the particle horizon eventually. If the universe
has a low matter density the perturbatlop amplitude w1ll remain nearly,
constant for an exceedingly long time., But is Q, is very close to
unity the p"rturbation will grow like t2/3, so it will certalnly
become of order uvlty within 1018y (cf. also re (10 15, 16) ); this

tage will be reached much earlier than that if the universe 1is

closed (possibly within a feW‘tens of billion years).



(4).

We conclude that even if the universe looks very smooth and
symmetric today, it will become extremely irregular sooner or later,

and perhaps it is such just now at sufficiently large scales,
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FIGURE CAPTIONS

Figure 1. Sky anisotropy in the millimetric region, as measured
by thé Florence Group. 6 is‘thé angle bétwéen the direction
of modulation in the sky and the direction of maximum aniso-
tropy. (A{T%ull line repfésénts a puré gosine fitting of the
data averaged over 5°. The dashed line is the final fitting
including the quadrupole term. (B) Data aftér subtraction

of the fitting dipole and best fitting quadrupole.
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