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1. Introduction
Neutrino oscillation 
experiments

（S-K, SNO, KamLAND,・・・）

Neutrinos have masses

Sphaleron
：

∆B = ∆L != 0

Majorana type 
mass

Lepton number 
violation

Influence upon 
baryon number

, Equilibrium (100 GeV ～1012
 
GeV)  

t
1012GeV 100 GeV 1 MeV

Interaction to violate
 lepton number

Possibility to wash out any initial baryon number

B0 = 10−10

Mν ! 0.1 eV

Sphaleron in equilibrium

Majorana type 
mass



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. 

1
Γ !L

>
1
H

>

⇔ Γ !L < H : Condition to protect the
 initial baryon number

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

Γ !L

H

: Interaction rate of the
   lepton number violating 

process
：Hubble parameter

( )

Today’s talk

Time interval during which 
a lepton number violating 
process occurs once ( ) ( )Age of 

universe
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We extend the standard model within the framework of  

2. SU(2)L triplet Higgs model 
SU(2)L × U(1)Y

SU(2)L triplet Higgs fields are newly introduced
∆ ≡

(
ξ+/

√
2 ξ++

ξ0 −ξ+/
√

2

)
We newly introduce two kinds of interactions.

Lyukawa
ν = −1

2
fαβTr[Tlα,lβ ∆]

Tlα,lβ ≡
( −(να

L)ceβ
L (να

L)cνβ
L

−(eα
L)ceβ

L (να
L)ceβ

L

)
TΦ,Φ ≡

( −φ+φ0 φ+φ+

−φ0φ0 φ+φ0

)
Lcubic = −1

2
ATr[TΦ,Φ∆†]

0

gauge theory



Higgs potential

V (Φ,∆) = −µ2Φ†Φ + λ(Φ†Φ)2 + M2Tr[∆†∆] +
1
2
(
A Tr[TΦ,Φ∆†] + h.c.

)
(µ2 > 0,M2 > 0)

0
!

!"
2
" #$
%&'

'

Vacuum expectation value of triplet Higgs field：

!!" !!#""#

""## $$
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Neutrino mass matrix

v∆

v
=

Av

2
√

2M2
≤ 0.03 (LEP)

ρConstraint on      　　　　　　　　　 parameter



3.Condition to protect the baryon number 
There exists an approximately conserved 
number including baryon number

Exact conserved number
A = 0 ⇒ P = B − L + 2∆

fαβ = 0 ⇒ P = B − L{ { Bfin ∝ Pini

ΓA ≤ H or Γf ≤ H

ΓA ≡ Γ(ξ0 → φ0∗φ0∗), Γf ≡ Γ(ξ0 → ν̄α
L ν̄β

L)

We can obtain this condition by solving the Boltzmann equation

Condition to protect the initial baryon number 



: cubic coupling constant
                of Higgs fields

Interactions in the SU(2)L triplet Higgs model

Interactions, (1)～(6) exist in   
              the standard model
Interactions, (7)～(9) is newly       
                            introduced

: SU(2)L gauge coupling    
                     constant

g
ŷ, f : Yukawa coupling  
                         constant

A



Definition of (particle number     antiparticle number)

L ≡ nL

s
=

nl − nl̄

s

∆ ≡ n∆

s
=

nδ − nδ̄

s

B ≡ nB

s
=

nb − nb̄

sBaryon number：
Lepton number：

Triplet Higgs number：

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

n+ − n− =
1
6
gµT 2 ×

{
1 (fermion)
2 (boson)

We assume that all particles obey the Maxwell-Boltzmannn 
                                                                       distribution

f(EX) = exp
[
−EX − µX

T

]

Relation between the particle number and the chemical potential



Boltzmann equation for the Lepton number



I. 　　　　　and
II. Interactions, (1)~(6) and (9), are in equilibrium 
III. Sphaleron process are in equilibrium 
IV. We don’t distinguish lepton flavor 　　　　　　　

Qtotal = 0 Itotal
3 = 0

(B,L,W,Φ,∆)Boltzmann equations for

s
d

dt


B
L
W
Φ
∆

 = M(t)


B
L
W
Φ
∆


Conditions which should be satisfied

(e, µ, τ)



(L,∆)Boltzmann equation for

d

dT
!N = f(T ) · M !N

!N ≡
(

L
∆

)
, f(T ) ≡

{
2.3M3

T 4 (T > M)
2.8M7/2

T 9/2 e−
M
T (T < M)

M ≡
(

2Kf
11
14Kf

Kf − 4
63KA

11
28Kf + 5

36KA

)
≡

(
a d
c b

)

Kf ≡ Γf

H

∣∣∣∣
T=M

, KA ≡ ΓA

H

∣∣∣∣
T=M

(Γf ≡ Γ(ξ0 ↔ νανβ), ΓA ≡ Γ(ξ0 ↔ φ0φ0))

B = −28
51

L +
2
17

∆



(L,∆)We solve the Boltzmann equation for

!N
′ ≡

(
X
Y

)
= V −1 !N, M̂ = V −1MV ≡

(
λ1 0
0 λ2

)
(λ1 > λ2)

V ≡
(

2d −2d
D + b − a D + a − b

) (
D ≡

√
(a − b)2 + 4cd

)
d

dT
!N

′
= f(T ) · M̂ !N

′

⇒ !N
′
fin = e−rM̂ !N

′
ini (r ∼ 9.8)(

Lfin

∆fin

)
= V

(
e−rλ1 0

0 e−rλ2

)
V −1

(
Lini

∆ini

)

Bfin = F (Lini,∆ini,Kf ,KA)
Final baryon number



⇔ Bf ∝ Pi #= 0

⇔ det[M ] = 0 ⇔ Kf = 0 or KA = 0

λ2 = 0 ⇔ Existense of the conserved 
                    quantity, P=Y

det[M ] =
289
882

· Kf · KA(Because ）
λ2 ≤ 1 , Eigen mode Y is approximately conserved

ΓA < H
∣∣
T=M

or Γf < H
∣∣
T=M

Condition to protect the initial baryon number 

Even if 

Condition to protect the baryon number



We observe final baryon number under the properly fixed 
                                   initial condition,   

(Lini,∆ini) = (1, 1)

(Lini,∆ini)



In the case that three lepton flavor (e, µ, τ)
Sphaleron processes conserve

(
B

3
− Le,

B

3
− Lµ,

B

3
− Lτ

)

(0) P0 = B − L + 2∆ KA < 1
(1) P a

1 = B/3 − Le KLe < 1
(2) P a

1 = B/3 − Lµ KLµ < 1
(3) P a

1 = B/3 − Lτ KLτ < 1
(4) P a

2 = Le − Lµ KLe−Lµ < 1
(5) P b

2 = Le − Lτ KLe−Lτ < 1
(6) P c

2 = Lµ − Lτ KLµ−Lτ < 1
(7) P a

3 = B/3 + Leµ KLeµ < 1
(8) P b

3 = B/3 + Leτ KLeτ < 1
(9) P c

3 = B/3 + Lµτ KLµτ < 1

Approximately conserved number Condition

Condition to protect the baryon number
At least one of the ten conditions is satisfied

is distinguished



4. Conclusion

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

ΓA < H
∣∣
T=M

or Γf < H
∣∣
T=M

2 The obtained conditions effectively constrain SU(2)L triplet Higgs
model in addition to the results of the neutrino oscillation experiments 
and WMAP  

Problems which should be solved or considered
1 ΓA ≡ Γ(ξ0 → φ0∗φ0∗)Estimation of the Interaction rate,

2Γ(ξ0 → φ0φ0) =
1

8πEM

√
M2

4
− m2

φ0 |A|2 # 1
16π

|A|2
E

2 Four body processes, ll ↔ ll, ll ↔ φφ , are not considered



I 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)

(ii) Seesaw model
K. Hasegawa, 
Physical Revierw D69, 013002(2004)



Allowed region

1
KA < 1 ⇔ |A| < 12 ×

(
M

GeV

) 3
2

eV Kf < 1 ⇔ |fαβ | < 4.3 × 10−9 ×
(

M

GeV

) 1
2

or

2
|A| < 0.03 × 2

√
2M2

v

3
∆a = |m2

3 − m2
2|, ∆s = m2

2 − m2
1, θatm = θ23, θ13, θ! = θ12

4 Results of WMAP∑
i

|mi| < 0.71[eV]

Condition to protect the baryon number

ρConstraint on      　　　　　　　　　 parameter

Results of the neutrino oscillation experiments 

can not satisfy the both of 3 and 4
KA < 1 and Kf < 1I find that the parameter region, ,



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


