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i ,c- I. Foreword 
. 

In a previous letter I described the special properties of cosmological textures.“’ 

Here I will demonstrate how a textured universe can offer a new interpretation of 

a longstanding cosmological puzzle: the isotropy of the cosmic microwave back- 

ground( CMB) . 

There are two aspects of this puzzle. One is that the isotropy involves cor- 

relations between spacetime regions which have never been in causal contact, 

otherwise known as the horizon problem. The CMB hitting us is said to have 

originated on a receding spherical surface now - 15 x 10' lightyears away, the 

surface of last scattering, fig.[l]. It was emitted when light decoupled from an 

ion plasma at tdec - 4 x lo5 years after the Hot Bang. Letting to - 15 x 10’ 

years denote the present age of the universe, then points which were in causal 

contact at decoupling could not have a presently observed angular separation 

greater than 68 - 2(tdee/t0)li3 7 3’, but at angles larger than this it is known 

that F < 3 x 10e5. The observed isotropy of the CMB therefore violates the 

very basic notion of causality. At present, the only satisfactory solution to this 

horizon problem is the inflation hypothesis.“-*’ One of several problems with in- 

flation is that it predicts a perfectly flat universe, &, = 1, while the age and the 

observed mass density of the universe are consistent with $& = .2.“’ 

The other side of the CMB isotropy puzzle is that fluctuations in the baryon 

density at decoupling are expected, from both GUT baryosynthesis and inflation, 

to follow the photon temperature fluctuations adiabatically. The observed upper 

bound on 9 constrains the adiabatic baryon fluctuations to be too small to 

account for the observed large scale structure of the universe. [“‘l Largely this -3. 
-- - reason, it is widely accepted thatthe dark matter is non-baryonic. 

Here I propose that the CMB hitting us from all directions originated in the 

same causally connected region, on the other side of a spatially closed, textured 

universe. This solves the horizon problem. Other benefits are that an no M .2 
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.-- universe is perfectly admissible, and the constraint on adiabatic baryon fluctua- 
. tions at decoupling is relaxed. 

After reviewing briefly the meaning of texture in section {2}, in section (3) 

I use the texture hypothesis and the observational fact of isotropy to calculate 

the radius of our universe. In (4) I conclude with various comments. 

2. Global Textures in Cosmology 

A texture is a stable solution to the classical field equations of a field the- 

ory with a spontaneously broken non-abelian global symmetry on a three-sphere, 

where the group G and its unbrokensubgroup H have the property that rs(G/H) # 

1. This somewhat dizzying statement is explained in ref.[l]. 

Here we need only know that a texture contributes a winding energy density 

p,,, to Einstein’s equation which redshifts as N uM2(t), where a(t) is the radius of 

the three-sphere. Einstein’s equation with zero cosmological constant becomes 

: .‘- . 

ci [I 
2 - 

a - gp + pt] = -$, 
or 

ti 

[I 

2 87rG - 
a 

-Tp=r-l, 
a2 

where p is the ordinary energy density of radiation and matter and 7 is the 

model dependent tezture constant. Making the usual definitions of the Hubble 

parameter(H - h/u) and Omega(n E p/pC, E 8rGp/3H2), this can be written 

as 

H?(l -n) = G, (24 

which shows clearly that in this closed, textured universe it is possible to have 

n<laslongas7>1. Avalueofq- 1 corresponds to a symmetry breaking 

at the Planck scale. Since this is the scale at which quantum gravity effects are 
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i ” important., and very little is known about them, it cannot be stressed enough 
. that this effect is highly conjectural. 

3. The Point of Last Scattering 

Though it is quite proper to be wary, let us suspend our disbelief for the mo- 

ment and explore the consequences of texture. For most sizes of the universe the 

horizon problem is still there, but for the spatial three-sphere in which the CMB 

decoupled at the antipode the radiation would be naturally isotropic, Fig.[2]. 

The apparent violation of causality is not real because the radiation hitting us 

from all directions actually came from the same spatial region. In fact, given the 

texture hypothesis, one can take the view that the isotropy of the CMB gives us 

all the information we need to calculate the size of the universe, which is done 

below, for both 00 = 1 and slo < 1. 

In the following we parameterize the three-sphere with three angular coordi- 

nates (,8,cp, and use the metric 

d7 = dt2 - a2(t)[tq2 + sin2 t(de2 + sin2 f3dp2)] 

05(<7r 0<6~7r o<cp<27r. - 

It is also assumed that matter has dominated over radiation since decoupling. 

3 .r THE Ro = 1, 7 = 1 UNIVERSE 

The scale factor evolves as 

L- 
a(t) = a0 ; [ I 

213 
. (34 

Taking the sun’s position in the Hubble flow, corrected for its peculiar velocity, 

as the point where c = 0, then the light which decoupled at tdec, will have come 
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i ” from the antipode if 
. to 

J 
dt a0 rr= -=- 

a(t) a0 
1 - (tdec/tO)1’3 1 . 

tdcc 

The present size of our universe then must be 

Ur-J = $ 
[ 
1 - (t&&-p3 . 1 

Now it is reasonable to ask, how sensitive is the isotropy to this radius? At 

decoupling, the size of the causal horizon in e units is 

tdcc tdec 

J dE= / -g) = ~(tdec,tO)l~~, 

0 0 

- 

and since we can expect the CMB to be thermalized on this scale at decoupling, 

it will be isotropic when measured today if 

a0 = ? 
[ 
1- (t&c/to)‘/3 f (t&c/tfJ)1/3 . 1 

Finally, using the empirical value Ho = [h/9.78 x logy], with l/2 < h < 1, and 

tdee = 4 x 105y, the radius becomes 

From eq.(3.1), the time interval over which the CMB remains isotropic is 

At=;,,, 
.4 x 109 

h 
years, 

As the universe was coming into, or as it will pass out of, this interval, the 

non-isotropy would exist only at large angles. 

It is important to note that-n = 1 is a very special case, requiring 7 = 1 

exactly and leaving a0 undetermined by eq.(2.1). There seems to be no physical 

reason that a0 should have the above value, so the isotropy appears to be merely 

a result of chance. It will be somewhat different in the next example. 
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” 3.2 . . T.HE no < 1, 7 > 1 UNIVERSE 

First, I would like to put forward an argument that the value of uc is not as 

arbitrary as in the previous example. Eq.(2.1) implies 

aH = s l/2- [ 1 (34 

: 

Let us assume that texture formation at the Planck scale gives 7 - 1 - o(1). 

From this it follows that early in the history of the universe, when 1 - s2 < 1, 

wehada>>&,butasl-R+l,wehavea+&-t. Theassumptionon7-1 

is therefore enough to deduce that a must evolve to a value which is reasonably 

close to that which gives an isotropic CMB. 

Now we will calculate what 7 and uc must be to explain the present isotropy. 

The solution to eq.(2.1) is 

a(P) = 
H$floag 
2h - 1) 

cosh(PJ?I-l) - 1 1 
.- . 

t(P) = Hi Roai 
2(7 - 1)3/z sinh(Pd-) - Pdq 1 , 

(3.3) 

from which eq.(3.1) can be recovered in the limit 7 + 1. As before, the CMB 

will have come from the antipode if 

r= jd,= ]--$=~o-/3dec. 
0 tdcc 

-3. Putting this in eq.(3.4) and using eq.(2.1) gives - L.. 

2 
no - 1 = cosh(w&?), P-5) 

with which we can calculate 7 from the observed value of 00. The radius of the 
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i ,;‘ universe is then obtained by evaluating eq. (3.3) -at the present. 

1 7 - 1 1’2 
m=g-z - [ 1 (3.6) 

The value of /3dee can be calculated from eqs.(3.4-5) by assuming ndec = 1 and 

that Pdeedfl is small. The result is P&c = %. A further approximation, 

that a(t) obeyed eq.(3.1) f or most of the time since decoupling, gives 

- 

Since 2Pdec is the angular size, on the three-sphere, of a causally connected region 

at decoupling, upper and lower limits on 7 and a0 can be found. For no = .2, 

these are 

1.75 2 7 2 1.85 

9.47 .s a0 s 10.08 
h 109LY h 

: .- . 
This value of 7 is consistent with the comment made in the beginning of this 

section. From eq.(3.5) we can get the time interval over which the CMB remains 

isotropic: 
2 

At = aoAP = 2P&cQ = TE x lOgyears. 



. . __ 4. Epilogue 

Evidently, in this textured cosmology the CMB is not a good indicator of the 

isotropy and homogeneity of the universe. The horizon problem does not exist 

in this model. In addition, though we have no reason to doubt the validity of 

the Cosmological Principle on grand scales, the texture hypothesis relaxes the 

rigid CMB constraint on models for the formation of structure. More precisely, 

abiabatic density fluctuations at decoupling may be larger than previous inter- 

pretation of the isotropic CMB would admit. This weakens the argument that 

the dark matter be non-baryonic. 

Another amusing consequence of the texture hypothesis is that, though the 

CMB was not isotropic in the past, it has become isotropic at the present; the 

surface of last scattering collapsed into one causal region. How will the CMB 

appear in the future. 7 If we take 00 = .2 as correct, then our universe is now 

entering upon the free expansion phase of an open Robertson-Walker universe. 

In free expansion a = t,/fl and the proper distance a light ray travels is 

- 

: - . 
1 = a(t) 

J 
dl= a(t) 

J 
dt - tint 

4-t ’ 

which increases, by a logarithmic factor, relative to the Hubble expansion. The 

CMB will therefore slowly become less isotropic. In section (3.2) the time over 

which this occurs was calculated. The logarithmic behavior is reflected by the fact 

that this is much longer than the interval calculated for no = 1. Extrapolated 

into the distant future, the CMB will go through cycles of isotropy and non- 

isotropy, with intervals ever-increasing. 4 

_-. Some final remarks about the formation of texture are appropriate. I showed 
- 

in ref.[l] that for‘7 - 1 the energy scale at which the texture appears is the 
- A..-- Planck mass. An important question is to what extent can processes presumed 

to occur in the regime of quantum gravity be taken seriously. I do not know 

the answer to this question. Another point to make is that since texture is a 
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: - 

topological defect coming from a broken global symmetry, there will be three 

massless Goldstone Bosons-the textons. These may have cosmological problems. 

On the positive side, the texture scale is at one on the fundamental scales of 

nature, so unnatural fine tunings are not necessary to achieve some of the most 

important features of the observed universe. 

REFERENCES 

1. R.L.Davis Cosmic Texture; SLACPUB-3896 1986 

2. A.Guth, Phys.Rev.D 23 (1981) 347 

3. A.D.Linde, Phys.Lett. 108B (1982) 389 

4. Albrecht and Steinhardt, Phys.Rev.Lett. 48 (1982) 1220 

5. My favorite source of information on these matters is: 

Joel Primack, SLAC PUB 3387 (1984) 

6. M.L. Wilson and J.Silk, kstrophys.J. 243 (1984) 14 

7. M.L.Wilson, Astr0phys.J. 273 (1983) 2 

- 



-Milky a Way )I/vsrvvv) 

4-86 
5378Al 

Surface of Last 
Scattering . 

_=. 
- 

- 



: - . 

_-- 

- 

- I *  

Milky Way 

i’ 
Point of Last Scattering 

4-86 

FIG, 2 
;.. 

5378A2 

I 
- / 


