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1. Introduction

: At Neutrinos have masses
e Neutrino oscillation :{>

experiments
(S-K, SNO, KamLAND, + - )

M, ~0.1eV

- Influence upon
o Majorana type ::> Lepton number :{> P

Mass violation /

baryon number

Sphaleron AB = AL +0 , Equilibrium (100 GeV ~10" GeV)

Sphaleron in equilibrium By = 10710
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Possibility to wash out any initial baryon number




® | In order to protect the initial baryon number, it is necessary that
the lepton number violating processes are out of equilibrium in
the equilibrium region of sphaleron.

Time interval during which
(a lepton number v%lating) > ( Age of )

process occurs once universe
1 1 Iy : Interaction rate of the
— > — lepton number violating
FJZ H process
H : Hubble parameter

= PIZ < H |: Condition to protect the
Initial baryon number Today’s talk

goal of this research

)<

1. What is the condition to protect the initial baryon number in
the SU(2)L triplet Higgs model ?

2. Can the obtained condition effectively constraint the model in addition to the
results of the neutrino oscillation experiments and WMAP.

Strategy - Solving the Boltzmann equation
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2. SU(2), triplet Higgs model

o We extend the standard model within the framework of

SU(2)r x U(1)y gauge theory

o SU(2)triplet Higgs fields are newly introduced

B €+/\/§ f++
A= ( NN

o We newly introduce two kinds of interactions.

1
Egukawa _ _ifozBTT[Tvla’m A]

B
—(v¥)ce
L

: 1
£cubzc — —§ATT[T¢7¢AT]

_¢+¢O ¢+¢+
fa=( o 5 )



o Higgs potential
V(®,A) = —p20Td + \(DTD)? + M?*Tr[ATA] + %(A Tr(Te eA'] + h.c.)

(u? >0, M? > 0)

o Vacuum expectation value of triplet Higgs field : (&) = \/V?A = 4A|\\,12

O Neutrino mass matrix

VEX maﬁ 'vl_B . af of VA
—Q—< - M= =
o Constraint on P parameter
A
‘A Y < 0.03 (LEP)

v :2\@M2 -



3.Condition to protect the baryon number

There exists an approximately conserved
number including baryon number

O Exact conserved number

A=0 = P=B—-L+2A
% 0= P—B_1I }C>BfinO<P¢m

e Condition to protect the initial baryon number

FTa<Horl;<H

Ty =T — ¢%¢™), T;=T(° — o)

We can obtain this condition by solving the Boltzmann equation



® Interactions in the SU(2). triplet Higgs model

Gauge field

o Interactions, (1)~(6) exist in
the standard model

O Interactions, (7)~(9) is newly
Introduced

9 : SU(2)L gauge coupling
constant

Y, | : Yukawa coupling
constant

A : cubic coupling constant
of Higgs fields

Quark and Lepton
field

Higgs field



® Definition of (particle number — antiparticle number)

_ ng N — nNj
Baryon number @ B=-"= = .

Lepton number : =2t _"""

Triplet Higgs number @ , _ma _ 75 =75
S S

(nx : density of particle number s : density of enrtopy)

® Relation between the particle number and the chemical potential

1 5 1 (fermion)
P TR gg,uT 8 { 2 (boson)

e We assume that all particles obey the Maxwell-Boltzmannn
distribution




® Boltzmann equation for the Lepton number

dL g 2
5— — N - e
8 T
+ Z | My (f —peo — 2pp,) + 2IMp(FH) P (—pree — pro, — o)
=41, T

F2|Mp(F) P (—prgo — oy, — o) + 2AMp(FT)H(—preo — o, — 1o,

+ Y IM() P (e — v — Har) + IME(F) 2 (e — pue — 1)
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FIM (£ (e — By — Ho)

+ Y IM(FO) P (e — 2ptan) + 2IMp(FF) P (e — pen — )

=40, T
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® Boltzmann equations for (B, L, W, ®, A)
B B
TANES

s— | W | =M@t)| W
N o
\ A ) \ A )

® Conditions which should be satisfied

I- Qtotal — 0 aﬂd Igota,l —0

ll. Interactions, (1)~(6) and (9), are in equilibrium
lll. Sphaleron process are in equilibrium
IV. We don't distinguish lepton flavor (e, u, T)




® Boltzmann equation for (L, A)

d -
—N = f(T)- MN
N = f(T)
V L 2.3M7 T>M)
N = = T72 v
( A ) e { 2.8M 2 =% (T < M)
M = ( 2Ky %Kf ) _ [ @ d )
T\ Ky—5Ka K;+5Ka ) e b
L'y I'4
Kf = 77 ) KA = —7
H |y H {p_py




® We solve the Boltzmann equation for (L, A)

o[ X\ 10 11 (M0
V(X)) evsarrar= (3 ) e
2d —2d
— — _ 2
V_(D+b—a D+a—b> (D= +/(a—1b)?+ 4ed)
i*’—f(T) MN
dl’ -

© Final baryon number

Btin = F(Lini, Aini, K5, K4)



e Condition to protect the initial baryon number

Existense of the conserved
quantity, P=Y < By o P # 0

<~ det[M]:O <:>Kf:0orKA:O
289

(Because det|M] = oo - Ky - KA)

=0 &

@ Evenif Ay <1 |, Eigen mode Y is approximately conserved

Ka

25A

20

Condition to protect the baryon number

Ty < H or Ty < H
+o M— 0.42 ) Ka=7.3) =043 > I'=M i I'=M

7.3

5
Region to protect
the baryon number

0 , ,
0.2 0.42 0.6 0.8 1 1.2 1.4 Kf



® \We observe final baryon number under the properly fixed
Initial condition, (LGz, Aznz)

(Lins, Aini) .

.2
.1l

Ka



® |n the case that three lepton flavor (6, I, 7‘) Is distinguished

Sphaleron processes conserve (? L. ? — Ly, g - LT)

Approximately conserved number|  Condition
O Po=0 L3128 K4 <1
(1) PfLZB/S—Le KL€<1

2)| P=B/3— K, <1
(3) Pa B/3 — KLT <1
@ Pr=T1L. LM K1, <1
(5) Pb L.— L, K, 1. <1
6 P = L,—L; Kp, 1, <1

(7) P“ B/3+ L., | K1, <1
(8) Pgb —B/3+ L., | K;_ <1
9| P{=B/3+ L,, | Kz, <1

Condition to protect the baryon number

At least one of the ten conditions is satisfied




4. Conclusion

1| Condition to protect the baryon number in SU(2), triplet
Higgs model

Fa < H or Ty < H|,_,,

T=M

([ )

2 The obtained conditions effectively constrain SU(2), triplet Higgs

model in addition to the results of the neutrino oscillation experiments
N and WMAP y

® Problems which should be solved or considered

(D) Estimation of the Interaction rate, 'y = F(§O — ¢0*¢0*)

1 AP
1670 E

(0 — ) = \/ L
SrEM\ 4 ¢°

@ Four body processes, || < ll, Il < ¢¢ ,are not considered




| research the condition to protect the initial baryon
number in other models compatible with the results
of the neutrino oscillation experiments and WMAP

(i) Zee model

K. Hasegawa, C. S. Lim, K. Ogure,
Physical Revierw D68, 053006(2003)

(i) Seesaw model

K. Hasegawa,
Physical Revierw D69, 013002(2004)




Allowed region

1

Condition to protect the baryon number

Kia<le |A\<12><<

GeV

7| Constraint on P parameter
|A] < 0.03 x NiMQ
3| Results of the neutrino oscillation experiments
A, = ]mg — m§|, A, = mg — m%, Outm = 023, 013, 05 = 012
4| Results of WMAP
> |mi| < 0.71[eV]
°

| find that the parameter region, K4, < 1 and K < 1,

can not satisfy the both of|3

2
) eV  or Kf<1(:)\fo‘ﬁ|<4.3><10‘9><(

and

M

GeV

)

1
2



e Allowed region in the case that the mass of the triplet
Higgs fields are fixed at M=100GeV

A [eV]

3.5 10°

Allowed regian (2)

1.0x10° |-

1.2 % 10°

Allowed reglon (1)




