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Abstract

Dark matter was originally said to be* missing mass” . From sometime ago we changed

its name and now settled down to call it* dark matter” . The history about this name
is left out. Oort is the first person to propose the missing mass, but the prediction by F.
Zwicky in 1933 is more famous. It was the opening scene of a play of the missing mass
problem when Zwicky predicted from a calculation of the dynamical equilibrium of ”Coma
Berenices galaxy cluster” (handling called the Coma Berenices [0 Virgo galaxy cluster)
that there might be the existence other than the glittering material, the baryon. The issue
of the missing mass or the dark matter is not settled down until recent. According to CMB
(Cosmic Microwave Backgraund = cosmic background radiation or emission) observation
with the Planck satellite, the latest observation, it is found that 26.8% of the energy of
the universe is occupied by dark matter which is not baryonic. In addition, the existence
of dark matter is essential in the computer simulation that is developed rapidly recently.
For example, dark matter is very important in the large-scale structure formation of the
universe. The large-scale structure formation of the universe cannot be demonstrated, if
dark matter does not exist. Dark matter has very weak interaction with other particles,
since it is neutral electrically. Observation of dark matter is rare even if it interacts, so
that the substance of dark matter was only understood very recently. Existence of dark
matter of baryon-like and that of non-baryon-like became clearer now, after approximately
80 years has passed from the submission of the problem. Neutrino is thought to exist as
a fixed quantity in space. Because baryon-like dark matter is understood well from the
astronomical observation in space, we will approach in this thesis, the observation of dark
matter by WMAP or Planck which says that a large amount of the total energy of the
universe is occupied by dark matter. First, from a time scale of the Milky Way collision
simulation, three kinds (Hot, Warm, and Cold) of dark matters exist, and the existence
of these three kinds is also supported theoretically. Difference between the three kinds
is classified by the mass (or the speed, such as relativistic one or non-relativistic one).
In fact, we understand that Hot dark matter is almost neutrino. Then what kind of
particles will be Warm and Cold dark matters? In this thesis, we find the candidates
of these two kinds in a five dimensional Kaluza-Klein model of neutrino, and propose a
unified scenario of dark matters. Using a S'/Z, compactified five dimenstinal Kaluza-
Klein neutrino, if we restrict the fields by the Z5 projection,we have a scenario in which
HotDM is a left-handed neutrino,Warm DM is a right-handed neutrino and Cold DM
is the first Kaluza-Klein excitation of the neutrino. A possibility is proposed towards
examining the scenario by the mutual relations of position between ”our Milky Way” (the
Milky Way) and ”the Sagittarius dwarfish Milky Way” attendant to the Milky Way. We
want to state the findings so obtained in this thesis. Finally, we have to say that we do
not deny the existence of a candidate except the dark matter candidates that we delivered
in this thesis. The dark matter candidate particles of this article are candidates of dark



matters, but we do not say that it occupies all of dark matter.
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Extra Dimensions

Kaluza-Klein particles
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qﬁ:i?éﬁﬁ -+¢_§:¢f> ) cos( -+§:¢;> ) sin( )] (6.5)

A:(WR—l)I/2 A<0>(x)+¢§;A§“>( cos( +ZA ) sin( )] (6.6)
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RNCIOEE _ﬁ;%)sm ()| (6.25)
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DDDDDDDDDDDDDDDDn(>O)DDD KKDDDDDDDDDDDDDD
gooooHabDMOOOOoOoon @Z’L =y, WDMUOOOODODOO @DR =vpUogg
gogbbobuooobbboooobbodood

gboboobobooooobdobooobobuoprPO0+0b0Dw 0,00 O0OO
gogbbbuoooobbooodobbboood

o = Y () @) + (s ou) o [ ave.iw)

v (umou) = /dycos(; JENO)
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( fasn

rous))

y ) cos (éy) o (y)
}%y) sin (}%y) P (y). (6.31)
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00 ¢, (y) 00000000000 y=00y=7sRO0O0000O0O0O0O0O0OO0O0O0O
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¢+@):Z;éﬁﬁ{¢WW+v5®UMms(%y>}:wnR[%+¢ums(%y)]. (6.32)

ggobooobobodmpgUbD00OUO0 «O0DOO0O0O0OO0DODOOyOOOOoOoooOOd
bMOOoOOooOOd

EDMmass = < >(¢1R¢(1)) ( (O)TCwR>

+ ampg ( (O)TC’wlR>
1

+ gma (W Cul) -l oul) . (6.33)
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0000000000CDMOOD »MO (1/R)ODOOD0OOOO0O0D000O0

WDMO +?0 ¢DMO v® 000 amp00000CDMO O 00000 mp0 O
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D000 wbMO »Q0 CcpMO»Y00000000000000000000000
00000000 CDMOOOOOO WDMOOOOOOOOOOOOOOO0O0000O
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HDM: vy = ¢, mupy =0, (6.34)
WDM: Np =40 mwpu = mg = O(1 keV) | (6.35)

CDM: v = (1) )y and (8, 95 an:%:0@%w, (6.36)
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2 _ (g (Ing
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gobboboooobbioooobiblentropyd doooog

geff (’Yv 6_7 e+)(Tbefore>3 - geff(’}/) (Tafter)3 (648)

goon

Tbefore:( gers(7) >§:( 2 >§: <i>§:1.945K (6.49)
Tofter Gesf(y,e7,€et) 2+§(2+2) 11 2.725K )

Jddddoooooo0d0o0ddo0o0ooooooooooo0oOoooOooOoOoOoa
0000000000 DO0OO00 photonO0 00000000 DOODODOOOOODODODOOO
O00O neutrino0 000000 Oneutrino0 00000000 T, =1.945KO00000
O0000007,=2725K000000000 neutrino0000000000O0O0O0O0O
O000o0o000 Stefan-Boltzmann OO0 000000 1000 neutrino0 000000

N, =336/cm*0000000000000000000 neutrino000000000O0O
00»0000000000 Qgpy=2.m,/93eV0000000

46



ooooobMOOOO0OOOO0ODOOOOOOODOODODO

O0000D0000 Bolzmann OO OO ODOODMOOOOODOODODODODOO
gooooooooobogborT-000b00ODMObOODODODOODOODbDOOOOOOO
UbMOObOoooooobooboobo
o000 DMOXOOOoOooooooooobMOODOOoOOooOooobobooooo
googbouogooooog

DX+X = viv-- (6.50)
2)X+X — v+7,-- (6.51)
(3) X +X — light particles, (6.52)
000 Olight particlesD =¢g; + 6,0 + ZZ + W*W- + HH +--- 000000 ¢0¢,0

ZOWOHDO--- 000 ¢0 quarkOD OO ¢ 0 leptond Z-bosond W-bosonl] Higgs-boson [
0000000000000 0DO0000DO00O0oo0oO0oDO0o0ooDOooooOOoooOoon
O0000bO00bO00On7n000O0O0ODOOO0OO0OODODOODODOOD sODOODDODODOO
000000000000 000D0000DO0DO0bO0oo0ooooDoog

1 S —
c==[c(XX 5w+ - )+0(X X 5T V+---)+20(XX — light particles)] (6.53)

4
0000000000000 BoltzmannOOOOOOOOOOOOOO

d

d—? = —3nH — (ov)(n? — ne?) (6.54)
oo

gooo HDDDDDDDDnDDDDDnquDDDDDDDDDUDDDDDXDY
gbboggbbobudd <ev>00b0buoobboobboogbbodabbon
b <...>0000

gooobodgbodbdn,00000dbodbdoooooogododnod
E* = m?>+p*

ggboobuoooooo

_2
2m

gboboooobooboooobobobob0obUobOobUb Boltzmann O OO OODO

goooo
3
ml\2 _
Neg = — ] e
q g o

DoO0TODO00000g000000 geryUmU DMOOD XOODOODOOOOO
nd00000000000000000000000000O 0 Boltzmann OO OO

dn
. — _3nH )
g 3n (6.55)
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