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ON THE MASS AND THE MATTER STATE OF
COSMIC DARK MATTER PARTICLES (II)
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Abstract

According to the restraint condition: v, ~ 0.1c — 0.01¢ (v, is the
sound velocity in dark matter medium), the bosons can be the can-
didate of dark matter only in a universe with a low energy phase
transition (LEPT) during the evolution, and the mass of bosons is
still near by 10! — 10~2eV, and the chemical potential of bosons is
still near by 10=° — 10~%eV as that of fermions in Ref[1].
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1 Fermions as the dark métter

2 Bosons as the dark matter

2.1 Bosons are relativistic as their decoupling

At this condition the equations in Ref[1] can still be used, but in all of
these equations the foot sign f (fermions) must be substituted by b (bosons),
and the term [exp(Z — )+ 1] must be substituted by [ezp(Z —v)—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 Q, usually is near 1 [, so we shall be discussing
in a range of w = 1 — 10. (2) The chemical potential of bosons is negative,
ie. v < 0. (3) When the bosons isoentropically evolute from relativistic
particles to non-relativistic particles, their value of 4 will translate from
N =0toy = —1.245.

2.1.1 the ‘calculated results without LEPT

Since vy < 0, it is well known that my = Mymin, Tt = Tomazs Vs = Vsmazs
when vy = 0. Taking T} = 1.9°K, for v = 0,—1.245, 20, we obtain the

calculated results as follows:

w v,/c my(eV) T,(°K) 1o(eV) v
1. 2.7x10°® 65.7 6.7 x 1078 0 0
10 2.7 x 10°5 6.57 6.7 x 10-5 0 0

1 46x1077 531 83x10°7 —8.9x 10" —1.245
10 4.6 x 107 53.1 83x107% —-89x1071° —1.245
1 3.0x10°' 83x10° 53x10°'% —-92x10"1® 20
10 3.0x10°'* 83x10° 53x 10" —-9.2x107'7 20

It is obviously that the sound velocity in b medium is too low, so, without
LEPT, for the formation of the superstructure in the universe (FSU) no direct
influence is from bosons, this is not like the influence from fermions in Ref[1],
because the value of 7 of fermions can be larger than zero.



2.1.2 the calculated results with LEPT
"~ Taking v = —1.245, v,/c = 0.01,0.1, get

w v,/e mfoV) T(°K) we(eV') Two(°K)
1 o.et .29 022 -24x10° 23.4
1 0.1 0.052 4.0 -4.3x10"* 415
16 0.01 0.17 0.13 —-1.3x10"% 13.2
10 0.1 0.029 2.3 —-24x10"* 234

In such condition for FSU the effect from bosons is like that from fermions,
and the mass and the chemical potential of bosons are all like that of fermions.

2.2 Bosons are non-relativistic as their decoupling

At this time, the temperature of bosons is not related to that of mi-
crowave background. For convenience’ sake Eq(5) can be rewritten in a form

. kT T

Tb - Kmbcz ? (1)
where K > 1, from which eqs(9),(10) become to
k2 2iw2k3cp,
my = g‘-'.; - = £ (2)
19 k (TboT‘ro)’
10 ToeThods ke
TN Ry @
- For K=100, the results are as follows:
w v,/c my(eV) Ty (°K) po(eV) v
1 27x107° 6.6 x10* 6.7x 107 0 0
10 2.7x107° 6.6x 10> 6.7x10°1° 0 0

1 46x107"" 53x10° 83x10"'? —89x10-'® —1.245
10 46x 107 53 x10* 83 x 10" _—8.9x10°'% —1.245
1 3.0x107" 83x10™ 53x10°2° _—92x10"2 20
10 3.0x10°1% 83 x 10 53x 107 -9.2x10-22 20

Comparing these results with that in section 2.1.1, we can see that m; T,
Ty |, ps |, vs/c |, so, for FSU the influence of such particles is far less.
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2.3 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

T,. From Ref[3],

3.31 R 2
T¢,=—T*—§—'P3, . » (4)
wi ik

From eqs(1) and (4), get
| Tb N k TboTo
7 =G 33k P ) (5)
HPE=1w=1K=1T,=19K, then my = 65.6¢V;
ifw=1,K=1,T,, = 1.9°K,m, = 0.1eV, then & = 1.3 x 107%;
ifw=1,K=1,T, =19K,m, = 10"°V, then & = 2.9 x 10~°.

It is clearly that without LEPT for bosons with mass m;, < 65.6eV there
can appear boson condensation. Under this state, in b medium the sound
velocity v, is zero, so they will be no influence on FSU.

3 Discussion

(1) The main clues in this paper is the restraint condition: v, ~ 0.1¢c —
0.01c (condition A) deduced from FSU, since then we can solve the mass and
the matter state of the dark matter particles.

(2) If there does not exist LETP, only the fermions near by a degenerate
state and with my ~ 1071~ 10"2eV, p; ~ 107°—10~*eV can obey condition
A.

(3) If there exists LEPT and the dark matter particles are relativistic as-
their decoupling, either fermions or bosons are the candidate of dark matter,
and the ranges of their mass and chemical potential are much the same,
which are ~ 10~! — 10~ 2eV and ~ 1075 — 10~%eV respectively.

(4)In summary, starting from FSU, we can infer that there at least exists
one type of dark matter composed of weakly interacting particles with mass
~ 1071 —1072eV. :
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