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Background Radiat ion in the Universe 

(G. De Z o t t i ) 

MICROWAVE BACKGROUND 
a) Spectrum. A co l l abora t ion between US and I t a l i a n groups performed accura te 

observa t ions a t f i ve wavelengths1 . The experiment was p a r t i c u l a r l y conceived to 
achieve the h ighes t poss ib le r e l a t i v e accuracy, al lowing an e f fec t ive search 
for s p e c t r a l d i s t o r t i o n s . The Berkeley and the Milano groups fu r the r improved 
the s p e c t r a l coverage2 . 

Johnson and Wilkinson3 avoided the main problems of ground-based experiments 
(pr imar i ly the atmospheric emission) by f ly ing a s p e c i a l radiometer opera t ing 
a t A = 1.2 cm on a ba l loon . Thus they a r r ived a t the most p rec i se measurement 
repor ted to d a t e : TQ = 2.783 ± 0.025 K. 

Accurate determinat ions of TQ a t 2.64 mm and es t imates a t 1.32 mm were a l so 
obtained through h igh - re so lu t ion observa t ions of the CN absorpt ion l ines '* . 

The good agreement between a l l r e s u l t s l i s t e d above, involving very d i f fe ren t 
sys temat ic e f f e c t s , i s encouraging. The b r igh tness temperature in the Rayleigh-
Jeans region i s now known to b e t t e r than 1$; Bose-Einste in d i s t o r t i o n s with a 
chemical p o t e n t i a l l a r g e r than a few times 10~3 a re ru led ou t . The ensuing 
c o n s t r a i n t s on processes of cosmological i n t e r e s t have been r e c e n t l y reviewed5. 

The information on the Wien t a i l of the spectrum has a l so been growing f a s t in 
the l a s t few yea r s . The bal loon-borne photometer flown by Peterson and co
workers6 has made measurements a t f i ve wavelengths, ranging from 3.5 to 1 mm. 
The new r e s u l t s do not confirm the s t rong excess around the peak7. Most 
r e c e n t l y , a rocket -borne radiometer , designed t o measure the background 
r a d i a t i o n in s ix passbands between " 1 mm and " 100 ym, was launched by a 
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collaboration between the Nagoya and Berkeley groups. According to preliminary 
reports, the brightness temperature at 1 mm is consistent with that measured at 
lower frequencies. At .68 mm and .46 mm, however, a strong excess is observed, 
that might be interpreted in terms of a Comptonization distortion by a non-
relativistic plasma. It remains to be seen whether the data may also be 
consistent with the distortion produced by a mildly relativistic gas that could 
produce the X-ray background6. 

b) Isotropy. The two independent maps at 3 mm 9 and at 12 mm l0 have been 
combined to produce a combined map which is better connected than either and 
has a sky coverage increased to ~ 90?11. The small discrepancy in the dipole 
amplitudes (- 2o) does not affect the direction significantly: the two 
experiments agree within 1.6°. The results are in excellent agreement with 
those from the RELIKT experiment12. No signals were found for higher harmonics. 
The tightest upper limits were set by the RELIKT experiment; for the quadrupole 
they find (95? confidence) AT/T < 3 10~5. 

Significant fluctuations with an observed standard deviation of 3.7 10"^ on 
scales of - 8°-10° have recently been reported13. While recognizing that 
structure in the radio continuum emission from our galaxy may contribute 
appreciably, the authors argue that a substantial part of the signal is 
probably intrinsic. Similar fluctuations were previously observed at 
A = 1 mm ' •*. Again the interpretation depends on an uncertain correction for 
the galactic contribution. 

A graininess which could not be attributed to known instrumental effects was 
detected, on scales £ 1', in recent VLA maps15. It is still unclear, however, 
which fraction of the detected signal is due to unresolved discrete sources. 

High sensitivity observations by several groups have led to remarkably tight 
upper limits. The most stringent yet published is AT/T £ 2.5 10"^, on a scale 
of M.5'!16 

The variety of models on the origin of structure in the Universe that can be 
found in the recent literature reflects the lack of sufficient data to 
discriminate between them, and translates into a variety of predictions for 
AT/T 17. Particularly helpful in defining the best obs«rvational strategy for 
testing models are the discussions of the statistical properties of radiation 
patterns generated by density fluctuations18. 

c) Sunyaev-Zeldovich effect. The small dips in the directions of three rich 
clusters of galaxies were the first small scale anisotropies for which detec
tion at a high level of significance has been claimed19. Many years of experi
mental work, however, have revealed several astrophysical and instrumental 
effects that may distort the results20. The exploitation of the astrophysical 
information provided by these data is probably still premature. 

d) Polarization. Until very recently both observational and theoretical studies 
dealt with polarization on large angular scales, introduced by anisotropic 
expansion21. On the other hand, the predicted polarization associated to small 
scale anisotropies induced by adiabatic perturbations is rather high, = 10% 22. 
Polarimetry may then be decisive in determining the origin of anisotropies in 
the presence of confusion from faint sources. Limits on polarization on scales 
from 18" to 180" are - 3 times lower than those on temperature fluctuations on 
the same scales23. 

INFRARED BACKGROUND 
The absolutely calibrated Nagoya-Berkeley rocket experiment (cf. Sect. 1) 

will help in establishing the IRAS zero point and, hence, to check the reality of 
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the i s o t r o p i c background component suggested by the a n a l y s i s of 100 \im IRAS 
data21*. The new data a t 280 pm, 145 iam and 110 um are cons i s ten t with i n t e r s t e l l a r 
plus i n t e r p l a n e t a r y dust emissions; on the o ther hand, s ince these observat ions 
r e f e r t o a r e l a t i v e l y low g a l a c t i c l a t i t u d e (b » 33° ± 2 ° ) , t h e i r i n t e r p r e t a t i o n 
r equ i r e s a de t a i l ed modelling of the g a l a c t i c emission. 

The dif fuse near-IR (1 t o 5 ym) r a d i a t i o n i n t e n s i t y has r ecen t ly been 
measured with a rocket exper iment 2 5 . A s i g n i f i c a n t i s o t r o p i c component was found, 
whose i n t e n s i t y exceeds by a s u b s t a n t i a l amount tha t predic ted even by extreme 
g a l a c t i c evolu t ion models 2 6 . If i t i s of t r u l y e x t r a g a l a c t i c o r i g i n , a s u b s t a n t i a l 
a c t i v i t y a t e a r l y epochs would be ca l l ed f o r 2 7 . 

THE X-RAY BACKGROUND (XRB) 
I t s o r ig in i s s t i l l a puzzle . Contrary t o e a r l i e r expec ta t ions , the most 

r ecen t es t imates seem to converge in i nd i ca t i ng a qu i te modest con t r ibu t ion from 
QS0s2 e, cons i s t en t with the growing evidence t ha t these ob jec t s have, on the 
average, X-ray spec t r a s u b s t a n t i a l l y s t eepe r than the XRB29. A recen t r e a n a l y s i s 
of the HEAO 1 A-2 da tabase 3 0 has led to conclude t h a t , ba r r ing the case of 
unexpectedly s t rong cosmological evo lu t ion , low luminosi ty Active Galac t ic Nuclei 
a re un l ike ly to make up the bulk of the XRB. Thus AGNs, which c o n s t i t u t e the 
dominant populat ion of e x t r a g a l a c t i c sources in the E ins te in Deep Survey3 1 , might 
not be the dominant cons t i t uen t s of the background. 

Strong c o n s t r a i n t s on the p rope r t i e s of sources t ha t account for the l a t t e r 
come from: a) the high p rec i s ion measurements of i t s spect rum 3 2 : b) the ana lys i s 
of sur face b r igh tness f l u c t u a t i o n s on data from the E in s t e in IPC 3 3 which 
ind ica t e s tha t the surface dens i ty of point sources must be 2 5000 deg , far in 
excess of the est imated surface dens i ty of QSOs. 

Two c la s ses of sources t ha t could meet the above requirements have been 
proposed: precursor Active Galac t i c Nucle i 3 " and a c t i v e l y s ta r - forming 
g a l a x i e s 3 5 * 3 0 . 
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Formation and Evolution of Galaxies 

(A.A. Klypin, V.N. Lukash, I .D. Novikov) 

GENERAL TRENDS 
At the beginning of t h i s review period a number of arguments were put forward 

against the neu t r ino model which became popular in 1980-1983*: too high a r a t e of 
the s t r u c t u r e evolut ion at the non- l inear s tage and the same d i f f i c u l t y in the 
galaxy formation. As a consequence, many other schemes of the s t r u c t u r e o r ig in 
have been e labora ted : models with "cold" p a r t i c l e s , with uns tab le missing mass, 
e t c . In these models the missing mass i s in the form of weakly i n t e r a c t i n g 
p a r t i c l e s (axion, phot ino , g r a v i t i n o , e t c . ) , or of usual p a r t i c l e s ( e . g . , n e u t r i 
no) but with p roper t i e s t ha t a re out of the ordinary ( e . g . i n s t a b i l i t y ) . However, 
the standard neut r ino model cannot yet be regarded as r e j e c t e d 2 , the more so in 
view of the recen t data on the l a r g e - s c a l e pecul iar v e l o c i t i e s 3 . 

The " c o l d " - p a r t i c l e hypothesis has been a c t i v e l y developed. In i t s s imples t 
version t h i s hypothesis c o n t r a d i c t s many observa t iona l data and demands b i a s ing , a 
process of galaxy formation where the d i s t r i b u t i o n of v i s i b l e matter does not 
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