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Abstract 

We found that there exists a large number A, A = 1019
, in the 

universe" from which there are some correspondences between length 
scales and mass scales in the universe; since then and from the restraint 
condition A: V6 O.lc - O.Olc (V6 i, the sound velodty in dark matterI"V 

medium), one type of fermions with mass", lO-leV in a degenerate 
state would be preferable as a candidate of dark matter, which is 
not :in contradiction with the observed results about the large scale 
celestial bodies in the universe. Under the restrict condition A the 
bosons can be the candidate of d~rk matter only in a universe with 
a low energy phase transition during the evolution, and the mass of 
bosons is still near by 10-1 - 10- 2 eV, and the absolute value of the 
chemical potential of bosons is still near by 10-5 - 10-4eV as that of 
fermions. 
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1.1 The fundamental physical constants 

It is well known that the fundamental physical constants are the velocity 
of light e, the gravitation constant G, and the Planck constant Ii, from which 
a length scale Tpl (Planck length) and a mass scale mpl (Planck mass) can be 
deduced: 

Tpl "" ff2 33"" 10­ em, (1) 

mpl "" 
fj

G "" 
19 ,10 Get, (2) 

and 
Gmpl 

Tpl "" --2-. (3)
e 

In the universe,:if we adopt the Planck length as the fundamental length 
To (To =Tpt), then TI == A . To "" 10-14em is the length scale of a nucleon 
(n), T2 == A2 • To "" 105em is the length scale of a black hole collapsed from 
a star, T3 = A3 • To "" l024em is near by the scale of supercluster. As for 
the mass scale, if we adopt the nucleon mass (mn ) as the fundamental mass 
scale mo (mo == m n ), then m1 == A· mo "" lOl9Gev is the Planck mass, 
m3 == A3 

• mo "-' IM0 is the stellar mass scale, m4 = A4 . mo "" 1019A10 is the 
total mass corresponding to the superstructure[1]-[4] in the universe (SSU). 

It is obviously that 

eonst., i :=0,1,2,3 (4) 

Since ml = mpl and To Tpt, from eqs(3),{ 4) we have 

Gm 3 
T2 "" -2-' (5) 

C 

Gm4 
T3 "" -2-' (6) 

e 

These are the relationships between the mass of celestial bodies and their 
corresponding black hole radii (BHR). 
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1.2 Nucleons and the "strong gravitation" 

Basis on the above analysis, we can see that TO is corresponding to mt, 
T2 is corresponding to ma, and Ta is corresponding to m4, but there exists a 
anomaly, i.e. Tt is corresponding to mo 8,nd the scale of m2 is not existing in 
the universe indeed. Suppose the relationship between Tt and mo is formalJy 
like Eq( 5), i.e. 

Tt 
Gmo 

,...., --2-' (7) 
C 

but from eqs(3),( 4), 

Tl 
Gm2 

,...., --2-' (8) 
C 

so a res uIt of 

(9) 


can be deduced, it just right is the ratio of the strong interaction force be­
tween two nucleons to the gravitation interaction force between them. So, a 
nucleon is like a black hole under a "strong gravit8,tion" interaction with 8, 
"strong gravitation constant" G, which is confined for the "strong signals". 

1.3 The free stream scales (FSS) 

Up to now, from the cosmology, we know the main compositions of the 
universe are baryons (b) and dark matter (d), however in the universe the 
baryons mainly are the nucleons; on the other hand, from the particle physics, 
we know the stable particles are. protons, electrons, neutrinos, and photons. 
A t the present era, electrons and photons only make up a few portion of the 
total mass of the universe, since then the candidate of dark matter natura.lly 
is neutrino 1/. Therefore we are confronted with a two-compositions (b+ 1/) 
universe. In this universe it would exist two FSS: AI} and A-IF ", 

(10) 

(11) 
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From Eq(IO), it is obviously that 

M~ '" Aa 
. mo = ma. (12) 

As for the MF", it might logically be equal to m4: 

MF " '" A4 • mo (13) 

so from eqs (11) and (13), we have 

- O.5 10-1 V.mv = A .mn '" e. (14) 

This result is like that in Ref[5], and means that a neutrino celestial body 
with the total mass corresponding to SS U could be some time collapsed to a 
black hole with a length scale of ra. May be,. this sort of celestial bodies will 
play an important role on Hubble constant, the large scale stream, and the 
increment of perturbations in the universe. 

1.4 sumlnary 

(1) All of the corresponding relationships discussed above can be syn­
thesized as follows: 

r·I mi BHR FSS 
mo r1 '" G'iQ 

c 

TO m1 TO '" G,l 
c ml 

m' 
'" :::J!m pl 

rl 

T2 ma T2 '" G"l' 
c ma 

m 3 

'" ::¥ 
mr 

Ta m4 T 
a '" 

Gmt 
c2 m4 '" 

m,
-::.Tmil 

(2) May be there exists some unification between the strong interaction 
and the gravitational interaction. 

(3) The dark matter particles (DMP) could not be the neutrinos, but 
could be a sort of hot DMP with mass'" IO-IeV related to SSU. 
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2 DMP 

We discuss some weakly interacting lnassive particles in it RWFuiH vef~>t', 

which are either fermions (f) or bosons (b) and have a mass of mf or mb with 
the chemical potential of J-Lf or J-Lb respectively. If the cosmic dark Inatter is 
composed of them, we will further research the mass region and the matter 
state of such particles following Ref[6] and according to SSU[1]-[4] as the main 
clues. 

3 Fermions as D MP 

3.1 Preillises 

(1) These f-particles are relativistic, when they are decoupling from the 
cosmic hot soup, and are stable since then during the evolution of the uni­
verse. 

(2) At the present era, f-particles are the main composition of the uni­
verse, which portion is 

PIOf =-, (15) 
Pc 

where Pf is the present average density of f-particles, and Pc is the present 
critical density of the universe. From now on, all physical quantities will 
adopt the present values unless there are any declares. 

(3) Since there exists the large scale structure in the universe, the f­
particles can not be in a relativistic state at the present time, or else the 
large scale structure in the universe will be broken by the free stream. So, 
we arrange that the average thermal velocity of f-particles is less than O.lc 
(v < O.lc). 

~ 2kTJ (00 ZdZ (00 ..!ZdZ (16) 
m f . 10 e:cp( Z - 1') + 1 / 10 e:cp( Z - + 1 ' 

where l' -Ilf" and the Tf is f-particles temperature; but the sound velocity 

v" in f medium is 

4 



1.00 1.0010 kTf ZfdZ VZdZ (17)-9 -m-f " 0 exp(Z -,) + 1/ 0 -ex-p-(-Z---,-)-+-I' 

From calculations we know that..!. ,...., 1, so V6 < O.lc. 
v. 

(4) From the observations [1J-[4J of SSU, we know the scale of that has 
b~ing been 1 % - 10% of horizon, it will be as well to adopt that V6 = 0.01c­
O.lc (restrict condition A) following Ref[6]. 

(5) The temperature of fermions Tf can be estimated as follows 

kTfoT-yo
Tf= , (18)

mfc2 + kT-yo 

in which T-yo is the microwave background temperature, T-yo = 2.70 K; Tlo is 
the f-particles temperature when mf = O. When mfc2 ~ kT-yo, 

T ~ kTfoT-yo. (19)
f 

mfc2 

(6) As for the Tfo , if the fermions are neutrinos, then Tfo = 1.90 K; if the 
fermions are decoupled before the neutrino decoupling, then Tlo < 1.90 K; 
if there exists a low energy phase transition (LEPT) in the univ~rse, then 
Tfo > 1.90 K and in eqs(18),(19), T-yo is substituted by (141 )i .Tfo . The LEPT 
means that a phase transition had occurred in the universe after the neutrino 
decoupling. 

3.2 Deduction 

For the average density of f-particles, it can be expressed as 

(20) , 

3H2 

where g is the variety number of f-particles. If Pc ~, HIOO = 100km· 
sec-I. Mpc- 1 , then 

Pf OfPc h2 , (21) 

where h = #9 , Ho is the Hubble constant. Make 
, 100 
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zadZ 
Ja == 1o 

00 

ezp(Z - i ) + 1 , 
(22) 

from eqs(19),(20),(21), get 

(23) 

from eqs(17),(18), get 

(24) 

From eqs(23),(24),(19), we know, after giving the values of T,o and i, 
the values of m, (from Eq(23)), VIJ (from Eq(24)), T, (from Eq(19)), and IL, 
(from i) can be deduced. The influence of 0" h, g on m, and etc. can be 
synthetically considered in a factor w, w == n:h'J' We need not to consider 
the distinct values of them but need to consider the value of w only. If 9 = 1, 
0, = 1, h = 1, then w = 1; if 9 6, OJ = 0.3, h = 0.5, then w 80, 
therefore we shall be discussing in a range of w = 1 80. 

3.3 Results 

(1) The matter state of f-particles 
Taking TJo = 1.90 K and ville = 0.01,0.1, from eqs(23),(24),(19) the calcu­
lated results are as follows 

w v.le m,(eV) T,(O K) pJ(eV) i 
1 0.01 0.17 2.5 x 10-3 2.6 X 10-5 120 
1 0.1 0.031 1.4 x 10-2 4.7 X 10-4 380 
40 0.01 0.069 6.4 x 10-3 1.1 X 10-6 19 
40 0.1 0.012 3.6 x 10-2 1.9 X 10-4 60 
80 0.01 0.057 7.7x10-3 0.9 x 10-5 13.5 
80 0.1 0.010 4.4 x 10-2 1.6 X 10-4 43 
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Taking T/D = 0.19D K, from eqs(23),(24 ),( 19) the calculated results are 

w vlllc mJ(eV) TJ(O K) ILJ(eV) I 
1 O.(H. . 0.17 2.5 x 10-4 2.6 X 10-5 1200 

1 O.} 0.031 1.4 x 10-3 4.7 X 10-4 3S00 

40 0.0t" " 0.069 6.4 x 10-4 1.1 X 10-5 190 

40 0.1 • . 0~'012 3.6 x 10-3 1.9 X 10~4 600 .. 
SO 0.01 0.057 7.7 X 10-4 0.9 x 10"::5 135 
80 0.1 0:010 4.4 x 10-3 1.6 X 10-4 430 

0. 

It is clearly that the dark matter fermions are in a degenerate state as the 
whole, and m" 1'/ are consta~ts for different TJo (TJD :::; 1.90 K) and same w, 
V Il • The values of m/ and ILJ are about 10-1 10-2eV and 10-5 

- 10-4 ell 
respectively. At the degenerate state, eqs (20),(23),(19),(24) become to 

(25) 

(26) 

TI . kT"'(o f . ( )T = -'-2 = uncizon w, v" , (27) 
ID ",:Ic. 

3 m/vll c:.2 TJ 1 . 
ILl = 2( k ) oTT = functzon(w, VII)' (2S)

• Jo "'(0 

(2) The value of IL/ during ev~lution 
According to the isoentropic hypothesis in the evolution of the Ulliverse, the 
entropy per f-particle (SjN) is a constant: 

SjN 

7 




Under the relativistic condition, SI N = ~. 4J3J:J2-y; under the non-relativistic 
5Jt -3Ji-Y 

condition, SIN ~ . . J • It is obvious that under the relativistic condi­
t 

tion there are two situations for I"f[7] typically: the first is i > 20(degenera.t~ 
state), in this time there' only exist either fermions or antifermions f; the 
second is i = O~ then the particle number of f is equal to that of f. From 
calculations we know for i > 20 the non-relativistic fermions or antifermions 
deduced from relativistic particles will still be near hy a degenera,te stat.e; 
but for i = 0, the value of; for non-rela.tivistic fermions or antifermions will 
not still be equal to zero but will translate to ; = -1.62 after the deducing. 
The results for Tfo 1.90 K and i = -1.62 are as follows 

w v,le Tf(O K) I" f( eF) 
4.8 x 10-7 -6.7 X 10-111 2.8 X 10-7 

3.8 X 10-5 -5.3 X 10-980 2.2 x 10-5 

Since the values of v./c are too small, it suggests that there may exist LEPT, 
for example the photon cooling process in Ref[8J. 

(3) LEPT 
The LEPT can be described by taking Tfo > 1.90 K and substituting T-yo by 

(141 )1 . Tfo , for 1 = -1.62 the calculated results are as follows 

w v.le mf(eF) Tf(OK) I"f(el') Tfo(O K) 
1 0.01 0.35 0.25 -3.5 x 10-5 27 
1 0.1 0.062 4.3 -6.0 x 10-4 47 
80 0.01 0.12 0.083 1.2 x 10-5 9 
80 0.1 0.021 1.4 -2.0 x 10-4 16 

In this situation, f-particles are near by a high temperature state, anq m, 
is still about 10-1 - 10-2eV, and the absolute value of PI is still about 
10-5 , - 10-4 eV. 

(4) High temperature approximation (1 < -4) 
At this state and with LEPT, eqs(20),(24) become to 

(29) 
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5 11 k1 1m, = (- )2(_)6 . -
T fo . - functian(Tfo , V,,). (30) 

3 4 V" c 

From eqs(23),(24), we have 

(31) 

3.4 Summary 

(1) If there does not exist a LEPT in the universe and the dark matter 
fermions are neutrinos indeed, they will be in a degenerate state, and there 
occurs the large lepton number problem [9], because from Eq(21) the number 
density of neutrino is about 104; or else the dark matter fermions are com­
posed of another particles, such as gravitinos[10] and etc. In this situation, 
mf is not sensitive with the value of w, because mf ex: w-i from Eq(26). 

(2) If there exists a LEPT, the large lepton number problem could be 
overcome, and the neutrinos could be DMP but with a.negative chemical 
potential. In this situation, the mass of any dark matter fermions is approx­
imately not relative to the value of w (see Eq(30)). 

(3) FroID eqs(26),(31) and the data. in section 3.3(1),3.3(3), we can see 
that if, > -4 and v" = canst, then 1nf is nearly invariable for different states 
of matter. So, basis on the observations of SSU, there may exist one type of 
fermions as hot dark matt~r with the particle mass mf = 10-1 10-2ell for 
restrict condition A. 

4 Bosons as DMP 

4.1 Bosons are. relativistic as their decoupliug 

At this condition the equations in section 3 can still be used, but in all of 
these equations the foot sign f (fermions) must be substituted by b (bosons), 
and the term [e~p(Z -,)+ 1] must be substituted' by [e~p(Z -,) -1]; besides, 
there are three points to be explained: (1) The values of g for bosons usually 
are 1 or 2, and the value of flb usually is near 1 [11], so we shall be discussing 
in a range of w = 1 - 10. (2) The chemical potential of bosons is negative, 
Le. , ::; O. (3) When the bosons isoentropically evolute from relativistic 
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particles to non-relativistic particles, their value of 1 will translate froln 
1 == 0 to 1 = 1.245. 

4.1.1 The calculated results without LEPT 

Since 1 ::; 0, it is well known that mb = mbm.in' Tb == Tbm.cun V8 = V 8m.aa:, 
when 1 O. Taking TbO = 1.90 K, .for 1 = 0, 1.245, 20, we obtain the 
calculated results as follows: 

w v8 /c mb(eV) Tb(O K) Pb{eF) 1 
1 2.7 X 10-6 65.7 6.7 x 10-:6 0 0 
10 2.7 X 10-5 6.57 6.7 X 10-5 0 0 
1 4.6 X 10-7 531 8.3 X 10-7 8.9 X 10-11 -1.245 
10 	 4.6 X 10-6 53.1 8.3 X 10-6 -8.9 X 10-10 1.245 

10101 3.0 X 10-15 8.3 X 5.3 X 10-15 -9.2 X 10- 18 -20 
10 3.0 X 10-14 8.3 X 	 109 5.3 X 10-14 -9.2 X 10- 17 -20 

It is obviously that the sound velocity in b medium is too low, so, without 
LEPT, for the formation of SSU no direct influence is from bosons, this is 
not like the influence from fermions in section 3, because the value of 1 of 
fermions can be larger than zero. 

4.1.2 The calculated results with LEPT 

Taking 1 = 1.245, v./c = 0.01,0.1, get 

w v./c m,,(eV) Tb(o K) Pb( eV) Tbo(O K) 
1 0.01 0.29 0.22 -2.4 X 10-5 23.4 
1 0.1 0.052 4.0 -4.3 X 10-4 41.5 
10 0.01 0.17 0.13 1.3 X 10-5 13.2 
10 0.1 0.029 2.3 -2.4 X 10-4 23.4 

In such condition for the formation of SS U the effect from boson"s is like 
that from fermions, and the mass and the chemical potential of bosons are 
all like that of fermions. 

4.2 Bosons are non-relativistic as their decoupling 

A t this time, the temperature of bosons is not related to that of mi­
crowave background. For convenience' sake Eq( 19) can be rewritten in a. 
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form 
1'l -=- kTboT"(o (32)

b - Rr 2 ' mbc 

where K > 1, from which eqs(23),(24) become to 

(33) 


10 TboT"(oJ! k 
-	 :I (34)mbvlI = 
9 K .J!. c 

2 

For K=100, the results are as follows: 

w vllic mb( el/) Tb(O K) Jtb(el/) I 
10-to 104 10-111 2.7 X 6.6 X 6.7 X 	 0 0 

10 2.7 X 10-9 6.6 X 103 6.7 X 10-10 0 0 
1 4.6 X 10-11 5.3 X 105 8.3 X 10-12 -8.9 X 10-16 -1.245 
10 	 4.6 X 10-10 5.3 X 104 8.3 X 10-11 -8.9 X 10-15 -1.245 

10-19 1013 10-20 10-231 ·3.0 X 8.3 X 5.3 X -9.2 X -20 
1012 10- 19 10-2210 3.0 x 10-18 8.3 X 5.3 X -9.2 X -20 

Comparing these results with that in section 4.1.1, we can see that mb i, 
Tb 1, Jtb 1, v.1c 1, so, for the formation of SSU the influence of such particles 
is far less. 

4.3 ·Boson condensation 

Under a giving number density of bosons (n., = const.), when the chem­
ical potential of bosons tends to zero, the temperature of bosons will tend to 
To. From Ref[12J, 

(35) 

From Eq(32), get 

(36) 
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If ~: = 1, w 1, K = 1, Tbo = 1.9°K, then mb 65.6ell; 


if w = 1, K 1, Tbo = 1.9°K, mb = O.leV, then ~: = 1.3 x 10- 2
; 


ifw I,K = I,Tbo = 1.9°K,mb 10-5ell, then ~ = 2.9 X 10-5. 


It is clearly that without LEPT for bosons with mass ,mb < 65.6e V there 
can appear boson condensation. Under this state, in b medium the sound 
velocity v" is zero, so they will be no influence on the formation of SSU. 

4.4 SUlllnlary 

If there exists LEPT, and if DMP are relativistic as their decoupling, 
either fermions or bosons are the candidate of dark rnatter, and the ranges 
of their mass and chemical potential are much the saIne, which are'" 10-1 ­

10-2ell and", 10-5 - 10-4 ell respectively. 

5 The fermions in a degellerate state 

III this section we discuss the effects of the dark matter fermions in a 
degenerate state on galaxies, superclusters, the large scale stream and etc. 
in the universe. 

5.1 The rotational vel.ocity distribution in S galaxies 

From refs(13),(14), we know that the flatness of the rotational velocity 
distribution in spiral galaxies can be explained in a two-compositions nlodel 
of baryons and fermions (neutrinos) in a degenerate state. According to the 
normalization equations in Ref[14], a range of m, '" 10-1 

- 10- 2eII corre­
sponds to the normalized parameter m 0, and the dark matter content in------t 

tbe galactic region will decrease to a minimum of 2inn, when n 00, this------t 

minimum is ~. In other words, the results of m, '" 10- 1 
- 10-2ell obtained 

in this paper are not in contradiction with the observed results about the 
rotational velocity distribution in S galaxies, so long as the edge scale of 
galactic halo is far la.rger then the scale of galaxies. Besides, according to the 
normalized equations in Ref[14], if we extend the scale of two-compositions 
celestial bodies from galaxies to superclusters, then the up-limit of fermion 
mass < m >, will decrease from 20eII to 0.2eF. 
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5.2 The filalnellt with supercluster scale 

From Ref[15], we know that the filament with supercluster scale in the 
universe can also be explained in a. two-compositions model of baryons a.nd 
fermions (neutrinos) in a degenerate state. That is another circumstantial 
evidence of this paper. 

6 Discussion 

(1) Starting from Planck mass mpl and Planck length Tpl, the mass sca.le 
and thelength scale observed in the universe are: rno = A-I. mpl '"'- 1Gell 
(nucleon mass), rna = A2 .mpl '" 1k1e (stellar mass), m4 = Aa.m", '"'- I019Ale 
(SSU mass); Tl = A . Tpl ,...., 10-14 cm (nucleon radius), T2 = A2 . Tpl '" IO'cm 
(BHR of stellar), and the predictive scales are: md ::: A-1.5 

.11'tpl '" IO-lell 
A3 1024(the mass of DMP)j Ta . Tpl ,...., cm (BHR of SSU). 

(2) There are two scales for free stream: 1\:1;" ,...., 1.Ale (stellar mass), 
M" F ,...., fO l9M0 (SSU mass). The former is generally observed in the uni­
verse, and the latter would be a typical scale in future observations for Hubble 
constant and the law about the increment of cosmic perturba.tions. 

(3) From SSU, It would be inferred that there at least exists one type 
of hot da.rk matter composed of weakly interacting pa.rticles with ma.ss ,...., 
10-1 - 10-2eV" and chemical potential,...., 10-5 

- 10-4 ell (absolute value), 
and if they are fermions, they could be in a degenerate state. 

(4) Whether fermions or bosons are DMP, LEPT could exist in the uni­
verse; but if the origination of the large scale magnetic fields relates to the 
magnetic moment of DMP[16j, the existence of LEPT is much possible. 
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