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1. Mass Varying Neutrinos (MaVaNs)

♠ � � � � � � � Non-Standard � � � � �

⇒ w > −1 � mν(φa)

Variable Neutrino Mass

• � � � � � � � � 	 
 � Kawasaki, Murayama, Yanagida (1992)

• � � � � � � � � � � � �
Gu, Wang, Zhang (2003)

Fardon, Nelson, Weiner (2003)

⇒ Mass Varying Neutrinos



Motivation

• � � � � � � � � ∼ � � � � � � � � � � �� � � � � �
ΛDE ∼ 2 × 10−3 eV� � � � � � � � �

∆m2
sol ≃ m2

2 −m2
1 ∆m2

atm ≃ m2
3 −m2

1

≃ 8.0 × 10−5 eV2 ≃ 2.5 × 10−3 eV2

[KamLAND, SNO] [K2K, SK]



—Mass Varying Neutrinos (MaVaNs)—

(i)

)

LMaVaNs = yΦ̃lψ + λφaψψ + h.c. ⇒ mDνLψ + λφaψψ + h.c.

⇓
mν = mν(φa) =

m2
D

λφa

(ii) � � � � = � � � � � � � + � � � � � �

ρDE = V (φa) + ρν(mν(φa))



Consequences

ρ

φa

♠ � � � � � �

ρDE = V (φa) + ρν(mν(φa))

= V (φa) +mν(φa)nν

= V (φa) +
m2
D

λφa
nν

♠ � � nν �

— ρDE

— ρν
⇒ - - ρ′

DE

- - ρ′
ν

—V (φa)

⇒ mν � ρDE � � � � � �
∂ρDE

∂φa
= 0 ⇐⇒ ∂ρDE

∂mν
= 0

(

∂mν

∂φa
6= 0

)



� �
R. D. Peccei, PRD71 (2005) 023527

• � � � ρ̇DE = −3H(ρDE + pDE)

• � ∂ρDE

∂mν
= ∂ρν
∂mν

+
∂V (φa(mν))

∂mν
= 0

w + 1 =
[4 − h(ξ)]ρν

3 [ρν + V (φa(mν))]
⇓ (h → 1)

w + 1 ≃ mνnν

mνnν + V (φa)



















ρν = T 4F (ξ)

F (ξ) ≡ 1
π2

∫∞
0

dyy2
√
y2+ξ2

ey+1
ξ ≡ mν/T

h(ξ) ≡ ξ(∂F/∂ξ)/F (ξ)

w + 1 ≃ m0
νn

0
ν

ρ0
DE

≃ m0
νn

0
ν

0.74ρc
≃ (0.05eV)(8.82 × 10−13eV3)

2.96 × 10−11eV4

≃ 0.0015

w ≃ −0.9985



∂ρDE

∂mν
=

∂ρν

∂mν
+
∂V (φa(mν))

∂mν
= 0

= T 3∂F

∂ξ
+
∂V (φa(mν))

∂mν
= 0

⇓
♠ � � � � � � � � � � mν � w � � �� �



MaVaNs � � � ( � � � � � � � )

• � Ω0
DE

= ρ0
DE
/ρc ≃ 0.74

⇒ V (φ0
a(m

0
ν)) = 0.74ρc − ρ0

ν ≃ 2.96 × 10−11 eV4

• � � �
⇒ ∂V (φa(mν))

∂mν

∣

∣

∣

∣

mν=m0
ν

= − T 3∂F

∂ξ

∣

∣

∣

∣

mν=m0
ν, T=T0

≃ −n0
ν

≃ −8.82 × 10−13 eV3

MaVaNs � � � (mφa � m0
ν)

• Acceleron � �

mφa ≤ O(10−4)eV ∼ (n0
ν)

1/3

⇒ mφa = 10−4 eV

• � � � � � � � � �

m0
ν = f(φ0

a) ∼ O(10−2) eV



MaVaNs � � � ( )

♠ � � � � � � (ρν = mνnν) � � � ν−φa � �� � � � � � � � � � � �

Afshordi, Zaldarriage, Kohri, PRD 72(2005)065024

c2a ≡ ṗDE

ρ̇DE

=
ẇρDE + wρ̇DE

ρ̇DE

=
ṁνnν

mνṅν
< 0 ( )

♠m0
ν ∼ O(10−2eV), T0 ∼ 1.69 × 10−4eV � � � � � �� � � � � �

RT, Tanimoto, JHEP 0605 (2006) 021

ρν =
T 4

π2

∫ ∞

0

dyy2
√

y2 + ξ2

ey + 1
≃ mνnν + a

nνT

ξ
+ O

(

1

ξ2

)

+ · · ·

ξ ≡ mν

T
, a ≡

∫∞
0

dyy4

ey+1

2
∫∞
0

dyy2

ey+1

≃ 6.47

⇓



c2a ≃
∂mν
∂z nν

mν
∂nν
∂z

+

5
3anν

(

5T0
ξ − 1

ξ2
∂mν
∂z

)

mν
∂nν
∂z

⇑ ⇑�

� � � � � [O(1/ξ)]

∂mν

∂z

(

1 − 5aT 2

3m2
ν

)

+
25aT 2

0 (z + 1)

3mν
> 0

⇑ ⇑�
♠∂mν/∂z � � c2a > 0



� � � � � � � � O. E. Bjælde et al., arXiv:0705.2018 [astro-ph]

V (φa) = V0 log(1 + kφ)

mν(φa) =
m0

φa

V (φa) = M4 exp(Mn/φna)

∼ M4(1 +Mn/φna)

mν(φa) = m0e
βφa



MaVaNs �
• V (φ0

a) ∼ O(10−11) eV4

• ∂V/∂mν|mν=m0
ν

∼ −O(10−13) eV3

• Acceleron � � mφa ≤ 10−4 eV

• � � � � � � � � � m0
ν ∼ O(10−2) eV

• ν − φa � � c2a ≥ 0

⇓� � MaVaNs � �



2. � � Mass Varying Neutrinos

♠ � � � � � � � 
 � � �

RT, M. Tanimoto, PRD 74 (2006) 055002� � �
W =

λ

6
A3 +mDLA+MDLR+

MA

2
AA+

MR

2
RR

A; � � �� � � � � φa (”Acceleron”)� � � � ψa ( � � � � � � � � � � )
L; Left-handed Lepton Doublet

R; Right-handed Neutrino Superfield



� � � � �
L = λφaψaψa +mDνLψa +MDνLνR +MAψaψa

+MRνRνR + h.c.

� � � � � �
Mν ≃

(

c mD
mD λφa +MA

)

νL
ψa
, c ≡ −

M2
D

MR
, MD ≪ MR

νL � ψa � � � (mD = 0)
{

mνL = c : Constant
mψa = MA + λφa : Variable

νL � ψa � � � (mD 6= 0)
{

mνL = c+MA
2 + λφa

2 + f(φa,mD) : Variable

mψa = c+MA
2 + λφa

2 − f(φa,mD) : Variable



� �



∫

d4θ
X†X
M2

Pl

A†A,
∫

d4θ
X† +X

MPl
A†A

� � � � � �
FX

MPl
∼

(TeV)2

1018GeV
∼ O(10−2-10−3)eV

(Chacko, Hall, Nomura, JCAP 0410, 011 (2004))� � � � � � �
V (φa) =

λ2

4
|φa|4−

κ

3
(φ3
a + h.c.) + (m2

D +M2
A−m2)|φa|2+V0

κ , m ∼ O(10−2-10−3)eV

V0 : V (φa) = 0 � � �

ρDE = V (φa) + ρν =⇒

ρ

φa



νL � ψa � � (mD = 10−3)

Mν ≃
(

c mD
mD λφa +MA

)

{

mνL = c+MA
2 + λφa

2 + f(φa,mD) : Variable

mψa = c+MA
2 + λφa

2 − f(φa,mD) : Variable

� � � 




















λ = 1

m0
νL

= 2 × 10−2 eV

m0
ψa

= 10−2 eV

mD = 10−3 eV

c ≃ 1.99 × 10−2 eV

φ0
a ≃ −1.31 × 10−5 eV

MA ≃ 1.01 × 10−2 eV

m ≃ 1.02 × 10−2 eV

κ ≃ 4.34 × 10−3 eV

♠mφa ≤ 10−4eV � � fine-tuning



mψa � mνL �



w � � �

⇓
♠νL � ψa � � w � � � � � �



3. �
• � � � � � � � � � Mass Varying Neutrinos� � � � �

Mass Varying Neutrinos � ΛDE(∼ 10−3eV) ∼ mν

MaVaNs �

• V (φ0
a) ∼ O(10−11) eV4 � ∂V/∂mν|mν=m0

ν
∼ −O(10−13) eV3

• Acceleron � � mφa ≤ 10−4 eV

• � � � � � � � � � m0
ν ∼ O(10−2) eV

• ν − φa � � c2a ≥ 0

• � �



♠ Acceleron � � mφa ≤ 10−4 eV

⇒ m2
φa

= 2(m2
D +M2

A −m2) fine-tuning

♠ ν − φa � � c2a > 0 �

• Constant Dominant mνi ⇔ � � ∂mν/∂z

mD = 0 :

{

mνL = c : Constant
mψa = MA + λφa : Variable

mD 6= 0 :

{

mνL = c+MA
2 + λφa

2 + f(φa,mD) : Variable

mψa = c+MA
2 + λφa

2 − f(φa,mD) : Variable

♠ � �

⇒ ( � � � � � � = O(10−2-10−3)eV)


