
neutrino chemical potential is 10**; — 10"eV.
the neutrino mass is 10`- 10eV, and the absolute value of the1 "

will be near by a high temperature state. In all of these two states,
neutrinos will be near by a degenerate state, on the contrary, they
the evolution process of the universe, the HDM (hot dark matter)

If there does not exist a low energy phase transition (LEPT) during
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for the moment, so T}, can be estimated as follows
under a LEFT during evolution; but in this paper, we abandon such restrain
In Ref(8], the mass and the matter state of v had been preliminarily discussed

(4) Do not consider the LEFT for the moment
0.01c ~— 0.1c.

has being been 1% — 10% of horizon, it will be as well to adopt that v, =
From the observations l‘l"l"l of superstructures, we know the scale of that

(3) Consider the superstructure of the universe
From calculations we know that fj ~ 1, so v, < 0.1c.

v' _ (2)10 ,, /°° /I/‘°° o e:cp(Z—·y)+1 o e1:p(Z-·y)+1`
kT ZidZ X/Zsz

potential; but the sound velocity v, in u medium is
where 7 E #1.*;, and T., is neutrino temperature, and pv is neutrino chemical

(I)
zdzag/~_ //~—=» my o e:z:p(Z—*y)+1 o e:vp(Z—·7)+1’_ /z r/2.12

velocity of neutrinos is less than 0.1c (ii < 0.1c).
will be broken by the free stream. So, we arrange that the average thermal
neutrinos can not be in a relativistic state, or else the large scale structure
Since there exists the large scale structure in the universe, the recent HDM

(2) Non-relativistic approximation
physical quantities will adopt the recent values unless there are any declares.
where p,, is the recent avera.ge density of HDM neutrinos. From now on, all
HDM is neutrino u, so, if the neutrino mass m., ;é 0, then D., : % : 0.3,
of the recent critical density pc of the universe; but the main candidate of
exists a hot composition in cosmic dark matter, which portion is about 30%
lar anisotropy of the cosmic microwave background, it is declared that there
From the measurement results of COBE satellite about the large angul°‘l”l3l

(1) Proceed from the measurement results of COBE

1 Premises
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H., = 0.3, h=0.5, then w=80, therefore we shall be discussing in a range of
considered in a factor w, wz If g=1, 9,, : 1, h=1, then w:1; if g=6,
can be deduced. The influence of 0,,, h, g on m,, and etc. can be synthetically
values of m., (from Eq(8)), v, (from Eq(9)), T., (from Eq(4)), and pu (from y)

From eqs(8),(9),(4), we know, after `giving the values of T,,,, and ·y, the

9 J, C
v • = "' m v .|

10 TvoT·yo•]§ k
from eqs(2),(4), get

s hg ~3<m2..>*
mv =

p,,Q.,h’ 2ivr2h3c“

from eqs(4),(5),(6), get

Jn E (7)fm L, 0 e:cp(Z — 7) + 1

where h : 1%%, H., is the Hubble constant. Make

(6)p,, : Qypchz,

100km · sec“1 · Mpc`], then
where g is the number of neutrino helicity states. If pc : %%1, Hm :

_ pu ~ (5)
x/?d)% /·>=· Z 2%%-253 0 exp(Z — y)+1’gm.i(k;r.,

For the average density of u, it can be expressed as

2 Deduction

m,,c

kTv0T D

the neutrino temperature (as my : 0), TW : 1.9°K. When m,,e2 > kT.,,,,
in which T.,,, is the microwave background temperature, T,0 : 2.7°K; Tm, is



are as follows OCR Output

7 = -1.62 after the deducing. The results for T,,,, = 1.9°K and 7 : —1.62
particles will still be in a degenerate state; but for 7 = 0, it will translate to
we know for 7 —·-> oo the non-relativistic fermions deduced from relativistic
'Y : 0, then the particle number of u is equal to that of D. From calculations
in this time there only exist either neutrinos or antineutrinos D; the second is
tion there are two situations for 11,,: the first is 7 ~——+ oo (degenerate state),

kl B l ' _ ·• condition, 5/1v .—: S · Jl . It 18 obvious that under the relativistic condi·
EJ-3J7

Under the relativistic condition, S / N :: under the norprelativistie

°° m c' Zm c‘ -·——·—-————-——· Z —;·- Z Z -——!—— . A e:cp(Z—'Y)+1 ( + kYL ( + kT,)
dZ

°° ,, ‘ z 4 CL?. (/z z 4 -..4 —-~—4— A ( kT.,) ( kT., )e:i:p(Z » 7) +12m,,c2 (Z — 7)dZ

kr °° 1 ,J /1 3 {L ( kT,, ) emp(Z — 7) +1
2m c2 dZ

entropy per neutrino (S/N) is a constant:
According to the isoentropic hypothesis in the evolution of the universe, the

(2) The value of rt,. during evolution
the whole, and m,, is about 10* ·— 10“2eV, and py is about 10`5 — 10"‘eV.
From the values of 7, it is indicated that HDM u are in a degenerate state as

4380 0.1 0.010 1.0 X 10*4.4 X 10*

13.580 0.01 0.057 0.9 X 10*7.7 X 10*

603.6 >< 10*‘0.01240 0.l 1.0 X 10*

190.06940 0.01 6.4 X ;¤0·° 1.1 X 10*

3801.4 >< 10‘0.0311 0.1 4.7 X 10*

1200.171 0.01 2.5 X 10* 2.0 X 10*
u»(¢V)w 7,., / 1: m,,,(eV) T,,(°K)

Taking Tv, : 1.9°K, the calculated results are as follows
(1) The matter state of neutrinos

3 Discussion
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10* - 10‘2eV, and the absolute value of py is still about 10`5 - 10’4eV
In this situation, 1/ is near by a. high temperature state, and m,, is still about

80 0.1 0.021 1.5 -2.0 >< 10" 16

80 0.01 0.12 0.083 -1.2 >< 10"’ 9

1 0.1 0.062 4.3 -6.0 >< 10"* 47

1 0.01 0.34 0.25 -3.5 ><10"’ 27

w v,/c m,,(cV) YQ,(°K) ;e,,(eV) T,,,,("K)

»y : -1.62 the calculated results are ss follows
The LEPT can be described by Tw, > 1.9°K and T.,,, : (Q)? -T,,,,, for

(3) LEPT
for example the photon cooling process in Ref[9}.
Since the vahxcs of v,/c me too small, it suggests that there muy exist LEFT,

80 2.2 >< 10** 11.6 3.8 >< 10*5 -5.3 x IO"

1 2.8 ><10"? 926 4.8 X10-7 -0.7 X 10-**
w v,/c m,,(eV) T,,(°K) ,u.,,(eV)




