[1
SOC/O) &SOT [ podel  sa /prea(ccgms o
en mu'/lrmv /?Ammlefs Gud | paye m./zcya,

s

%8R T, 97"4-_/"

V. Okada (KEK) Y. Koide (FFRIG2
K. MaTswda | T Kokuche T F

(ZAIR )
Motiyalione . f_ | \
o (onstrrudt a.qureﬂffo@l@ EUT moded,
o Grscdow SO cCr0) SUT,
1 chnal fevuions M%MJ 2]
° /%,mmem/ /%/7“ ys w
A cwﬁ&o? o 24

o @uxrk~ ’Z-e./.a[:w londt Mgr ) onazgd

Jro yasd 0%47/)7('6&4,

191




Db fig

/puf @uar/é omadded avd CKR M

%@7;.9(« % Mmagdls

: . é;UT;ceZa—'

Mw = C@M,b + Crog M2t e [}/f»c et
Ma =Moo + Mizg - olgww v
AMp = Cio Mio~ 3C26Mez6 pines putrico
Me = M - 3M,xy %W‘Z"f&“
\Mg =CeMi2¢ RH 5@7 /’/yvmu&_

C}M.GL m;/{'mdj' /&M mcr—ma neabpt
.maj_mx et @UT JC‘MQ—

Mu = M.D'TMRFI MD

’e—@—?—? Flecheo — Weak sca“/é—) .

C%]V dww) )&;r will Jo @dadaﬁ;m
Aol |

192




P4
§2 Mamh/wu@ SO cte) potel.

§5 ome-loop REE  CKWR )
& &% . /uccmerwa/é a‘/naé/,dw auwol %ué&
$ & The ofher stservadons |
ﬁrﬁd‘ﬁvf /4'0./'0:;«@&-4)
LMydee 4 c//*)w
CP Mﬁazzg /,ammﬁm € wo
,Bmcﬁmg Sl ,%/u—ﬁeé/

| /2—»25-1 S/Dac-r? |

?%fﬁl\ /02%/"- Peor  DEL £830/C (2z0l )
/DA/o /58.30——' D /5‘_ O 250 o P [2682)
TFHEP 221) o1l (26702)

f'@g_fﬁ/(DZﬁ&bKK)

193




52 Muwr/?wa/é SQ[/é_) Moof.b& Gecol.

fo/zmom ma»sgeg

JE X E = O, + 2o, + /26

ones Mo
/?/d Mo = e "' M. = M.D X

/& ./ /.‘2-{

Wy = Lo s b 14, = 1[5 4 Hias 16

\(//o; \2//;,4 : W/?‘Q“‘ 7/1‘4— 2x 3 M%&M&d

SOcCr0) —> Gyan — Gt

’s > (8, 7.7 5
‘?"(//3-7")
72— 4,5, /)+(/o,3/)+6/° /3 )
t Ol 2, 20 ég,m

)6 —5 sg 2.0 4%, ) 2) —> G

194

12,

R R U SN Y VT S

e

N . -




éw-e/%auv ifym Cl,2,2) Cyro
7 Prew (15 2,2) Cy2d

Wy = 2L HE Y He )
+dcrﬁe°’+>/-’-{f7z/2/)3§
+)) (770/7( '"ifzzﬁf-zo’)'é

G Y IHE - S0
E!i v /
T V‘-’C\fl/’?’z R)y/ >

wﬁ/»@- —
g = <305

eocds wit
Q@af—z &7‘4'-0: wui/omzﬂu s4C alg
owi? rhe MS‘SM/”,UTQ& con Lew f.L(

4@;{‘ el le ,&J/ZJ“
= (\—iﬁim
/cwvo

Fe o :Foleu.a“-’e Gl tedés ﬁc»f,a/'am/ot-— W

%eoﬁazofm/ )

- 195




. e |
Ho = tHe + [Zinlz + e ~
Hdﬁ'o{dlh‘d’"/@x ral
gg e jm«rmW aru)/;o/ewzm/@ o
W‘——- Us (ol ), 7+ /9 T%JH“J?/
t+ ol Cl L AN ) Ha g

t& (AN sptire G ]
Bx |
|

!

H“_-ﬁﬂb\-ﬁ Hd“v_w‘o/:? UZD@@QV

o = Vo ean B Mot =Yt f "fm/)
Cro = %fa‘w/@ C»-z:‘/é, C%E/Tf?i;ﬁ

196 -




H counbly of fue paruselirs .

M/a - m@ cucr.;evtafé >,
M/LJ realt. g/»«-m.@lud &+ 7

A
7Lw'0 &M—jﬂg‘ﬂ Clo. Cua¢ /’/(Q
¥

T pof™ dats
EI% ror K massel 2 CRM posaxielos

%neez —Qﬁ"“‘g’“ oo

/é(‘..__/n)) / %¢¢,/}o~mma@ﬁ/
Me = Cu CMoL.-!- w e )

_ .‘2Q9+C(9'{ | . J')cf +Q-°-/
=T GemGag s T TG G

4,me,una?'-¢ /Cd/ Qe ol M%Mm@_ _ .

£ A He D 7 * (M )]

Me ™+ mpy me"‘—r“w“'“"r

(X el ys oot (AT
Me ‘f‘f"’(/u S mac® =._ ﬁ}lx[ lm[.{,LM-CQ_-
l/u'EOJuz_ A

(("(e = \/:k,‘D \/14:: -1—0C?

ZLﬁfwewwVﬁ@OaféVdﬂzwmﬂmfﬁ

197




0.001

0.0009}

0.0008}

—0.0007}
0.0006¢

0.0005¢

-

Figure 1: Contour plot on complex x-plane. The vertical line and the circle correspond

—0.0136

~0.0134
Re [x]

to the solutions of Egs. (8) and (9), respectively.
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- Figure 2:  Three mixing angles in the PMNS matrix as functions of ofrad]. The

. graphs with the highest, middle and lowest peaks are correspond to sin? 26,5, sin? 26,5

and sin? 26,3, respectively. The plots of sin® 20,3 and sin® 265 have the sharp peaks at
o ~ 3.2[rad], while sin? 26,, has the sharp peak at o ~ 3.3[rad]./
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Figure 3: The ratio (Logyy[Am2/Am2]) as the function of o|rad].
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oy & ensu:we to 0. For o =3. 198[rad], we obtain sin? 261 = 0 722, sin? 2633 = 0. 881 and
2205 = '0.164 at the GUT scale: - After running thJs results back to the electrowea.k scale

'jccordmg to RGE of eq (3 5), We ﬁnd R VR e

s |

sin? 20,5 = 0.723,  sin? 2655 —0895 s"in?-2‘,6?13'=_0,_'164. @

Note that RGE running effects are almost negligible. he ratio Am%/Am2 is also indepen-
- dént of cg, where Amo and Ame are the oscillation _parameters relevant for the solar and
the atmospheric neutrino deﬁmts, respectively. In ﬁgure 3, the ratio at the GUT scale is

depicted as a function of o. After the RGE runmng, we ﬁnd at the electroweak scale

! Amo
| . Amj

— 0.188. = (4.8)

‘ERGE running effects are almost negligible also for the ratio. The neutrino mass matrix at'
the electroweak scale and the PMNS matrix which lead to the above results are as follows:

. (14744800 —46.9 — 96.5i° —446 — 370i)\ |
My =cp' | —46.9-96.5i —347+90.3; 1030+702 | (GeV); - (4.9)

—446 — 370i 1030 + 702i  ~497.~914j
 /.0.168+0.838 —0.467 + 0.0940; -—o"005'08' +0207\
Upnns = | 0.0519+0.498i 0,651 —0.0473i . 0.0189 — 0.5697 (4.10)
- 0.0745 +0.116i  0.450 —0.38Li  0.431 +0.669i

iy

I Cr=orire Koo featfur

- 2 , =

—> AW, —:.3.*75”0"2,\/ AME = 691/ eV
z _ . —7

AW =200 % (572 V \_ Mg = 28762

2

{b{mg [-lé%/o” Mr{,_-é [ '2ﬂ7</0'
MRB = 5‘*-3}([0(1 [GeV ]

201




%-_-_-—

S

€~

Im [(MoMPY ay,

j=pg v sint 2 B(MpM})1 M,

'gj</4)a> + 7’€z.</‘//l/>

[meﬁ—b zSMﬁ)v_’

202

.:‘nl/’

f" /4,5_ >Me,

L7
)
ta,nﬂ ms(Mz) R Si_nz;- 2_912. sin2,\2923 :-Sin2.29_131_; Am@/Am@ 3
| #.40:.):20.0718 - 93.6° |-3.190 { 0.738;- - -0.900  .0.163, |. 0205 |
45 | 0.0729 86.4° | 3.198 | 0.723 0.895. .0.164. | = 0.188 |
50 | 0.0747 77.4° [ 3.200 | 0.683 0.901°  0.164 0.200 |
55 | 0.0800 57.6° [ 3.201 | 0.638 ' '0.878 -0.152..]° - 0.198
o Table 1:.777. . _
§ 4 7z,e, Oiper /?-eah GLB‘MJ
Jcp—Im [Uea U2U83Uu3]
where Uy; is. t_hé PMNS -mé.trix ele:_tr;e_nt, )
ta.nﬂ (mp)eg (eV) JCP : -‘-'if.‘l‘-%‘{-!ﬁ,??f(:
40 0.00172. 0.00110 0.00107"
45 | -0.00167 - -0.00429 - 0.00119
50 | 0.00168° - —0.00631 0.00127 !
55 0.00167"  —0.00612 - 0.00128 |
Table 3: 777 . o
J
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Figure 1: The solution of the Boltzmann equation (Logyo(Yz.-1 x 10')) with ¢/g, = 1078
. (the upper horizontal line), M; = 10" GeV and 7,3 = 0.2 eV. The solutions for Ty =
4 x 1072, 0.04, 0.4, 4 and 40 eV are plotted from above at z = 102,

Figure 2: The solution of the Boltzmann equation (Log (Y-, x 10'%)) with €/g. = 1075,
M; = 10 GeV and 71,y = 4 x 10~ eV. The solutions for the input values i,z = 7, 12,
17, 22 and 27 eV are plotted from above.
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