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Composite Majorana Neutrino in eγ Collision
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Abstract

The lepton number violating/conserving process e−γ → ν/νW is discussed in a composite model

where excited Majorana neutrinos are exchanged. The differential cross section is calculated for

the polarized initial electron beam. If the polarization of the initial electrons is right-handed,

ν and ν in the final state cannot be discriminated and hence we cannot infer whether excited

neutrino is a Majorana type or not. If the polarization of the initial electrons is left-handed, on

the other hand, the process is contaminated with those by standard model process. While the

cross section is the sum of those of two processes if the final state is νW , the interference term

between standard model process is significant if the final state is νW .
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√

s
√

s

Majorana

νW νW

Majorana u νW

νW Mmaj(νW ),Mmaj(νW )

νW

Mstd(νW )

e−γ → νW Mstd(νW ) + Mmaj(νW )

e−γ → νW Mmaj(νW )

ν ν

Mmaj(νW ) Mmaj(νW ) 0

Mmaj(νW ) = 0

dσ ∝ |Mstd(νW ) + Mmaj(νW )|2

Mmaj(νW ) = 0

dσ ∝ |Mstd(νW )|2 + |Mmaj(νW )|2

2

dσ ∝ |Mmaj(νW )|2

dσ ∝ |Mmaj(νW )|2

2 Majorana

ν ν
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2 Majorana

2.1 Majorana

ψ ψc

ψc ≡ Cψ
T

= C(ψ†γ0)
T (1)

C Dirac γ

CγT
μ C† = −γμ

C(σμν)T C† = −σμν

CγT
5 C† = γ5 (2)

ψc γ0

ψc =
“
CγT

0 (ψ†)T
”†

γ0 = ψT γT
0 C†γ0 = −ψT C† (3)

(2) CγT
0 C† = −γ0 γ0 = γ†

0

(1)

ψc ψ U(1)

U(1) 0

0

Majorana U(1)em

0 Majorana

Majorana

ν = νc = CνT (4)

ν Majorana

〈0|T
n

νT (x)ν(y)
o
|0〉 = C†〈0|T {ν(x)ν(y)} |0〉

= C†SF (x − y) (5)

SF

2.2

ν∗

Lagrangian

[10]

L =
λe

2mν∗
ν∗(x)σμν (ηLΓL + ηRΓR) ν(x)Fμν(x)

+
λ′g

2mν∗
ν∗(x)σμν `

η′
LΓL + η′

RΓR

´
e(x)W †

μν(x)

+h.c. (6)

e, g mν∗

Fμν , Wμν W
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ΓL(R) ≡ (1 ∓ γ5)/2

λ, λ′ ηL(R), η
′
L(R) dimensionless

SU(2)

ηL = η′
L, ηR = η′

R

Particle Data Group notation

ηL(R) η′
L(R)

max(|ηL|, |ηR|) = max(|η′
L|, |η′

R|) = 1

ηLηR = η′
Lη′

R = 0

ηL = η′
L = 1, ηR = η′

R = 0

Cabibbo, Maiani, Srivastava [11] Hagiwara,

Komamiya, Zeppenfeld [12]

L =
1

2Λ
L∗σμν

„
gf

τa

2
W a

μν + g′f ′Y Bμν

«
ΓLL + h.c. (7)

λ

2mν∗
=

1

4Λ
(f − f ′),

λ′

2mν∗
=

√
2f

4Λ

Takasugi 76Ge (ββ)0ν

[13]

x = (mν∗/MW )2

500 GeV λ/x < 4 TeV−1

3

3.1

S eγ( p1, k1)

νW ( p2, k2)

S =
(−i)2egλλ′

4m2
ν∗

T

jZ
dx4dy4

× `
ν∗(x)σμν(ηLΓL + ηRΓR)ν(x)Fμν(x)

´
×

“
ν∗(y)σρτ (η′

LΓL + η′
RΓR)e(y)W †

ρτ (y)
”o

(8)

lepton

〈ν̄(p2)|T
j

ν∗(x)σμν(ηLΓL + ηRΓR)ν(x)

×ν∗(y)σρτ (η′
LΓL + η′

RΓR)e(y)

ff
|e(p1)〉

= 〈ν̄(p2)|T
j

νT (x)(σμν)T (ηLΓL + ηRΓR)T ν∗T
(x)

×ν∗(y)σρτ (η′
LΓL + η′

RΓR)e(y)

ff
|e(p1)〉 (9)

ν∗ Majorana (5)

〈0|T
n

ν∗T
(x)ν∗(y)

o
|0〉 = 〈0|T ˘C†ν∗(x)ν∗(y)

¯ |0〉
= C†SF (x − y)

(10)

(9) T 3

νT (σμν)T (ηLΓL + ηRΓR)T

= νT C† · C(σμν)T C† · C(ηLΓL + ηRΓR)T C† · C
= (−νc) · (−σμν) · (ηLΓL + ηRΓR) · C

Z
d4p

(2π)4
ie−ip(x−y)

p2 − mν∗2

×〈ν̄(p2)|T
j

νc(x)σμν(ηLΓL + ηRΓR)(
p + mν∗)

×σρτ (η′
LΓL + η′

RΓR)e(y)

ff
|e(p1)〉

(11)

νc(x) e(y) Γμνρτ

ΓL(R)(
p + mν∗)ΓL(R) = mν∗ΓL(R)

ΓL(R)(
p + mν∗)ΓR(L) = 
pΓR(L) (12)

Γμνρτ = σμν

j
mν∗(ηLη′

LΓL + ηRη′
RΓR)

+ 
p(ηLη′
RΓR + ηRη′

LΓL)

ff
σρτ (13)

eγ → νW

M =
iegλλ′

4m2
ν∗

vc(p2)Γ
μνρτu(p1)

k1με1νk2ρε2τ

(p1 − k2)2 − m2
ν∗

(14)

CMS-HKZ Γμνρτ =

mν∗σμνΓLσρτ

νW

νW Majorana

M =
iegλλ′

4m2
ν∗

ū(p2)Σ
μνρτu(p1)

k1με1νk2ρε2τ

(p1 − k2)2 − m∗2
(15)

Σμνρτ = σμν

j
mν∗(η∗

Rη′
LΓL + η∗

Lη′
RΓR)

+ 
p(η∗
Rη′

RΓR + η∗
Lη′

LΓL)

ff
σρτ (16)

νW ηL ↔ η∗
R

CMS-HKZ Σμνρτ = σμν 
pΓLσρτ

3.2

e−γ →
ν̄W Stokes
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ξ2 = 1 (eR) (eL)

dσ

dt
(eR) =

λ2λ′2(eg)2

8πm4
ν∗

|ηRη′
R|2f(s, t, u) (17)

dσ

dt
(eL) =

λ2λ′2(eg)2

8πm4
ν∗

|ηRη′
L|2g(s, t, u) (18)

f(s, t, u) = −um2
ν∗

2s2

M2
W s + 2tu

(u − m2
ν∗)2

(19)

g(s, t, u) = −u2

s2

su + (s − M2
W )(u − M2

W )

(u − m2
ν∗)2

(20)

s, t, u Mandelstam

s + t + u = M2
W

eγ → νW

dσ

dt
(eR) =

λ2λ′2(eg)2

8πm4
ν∗

|ηLη′
R|2f(s, t, u) (21)

dσ

dt
(eL) =

λ2λ′2(eg)2

8πm4
ν∗

|ηLη′
L|2g(s, t, u)

− (eg)2

8πs3

u(u − M2
W )2

(t − M2
W )2

−
√

2λλ′(eg)2

2πs2m2
ν∗

(η∗
Lη′

L + ηLη′∗
L)

u2(u − M2
W )

(u − m2
ν∗)(t − M2

W )
(22)

(22)

ν∗

ηLηR = η′
Lη′

R = 0

νW νW

|η′
R| = 1

|ηR| = 1

νW |ηL| = 1 νW

eRγ → νW 0

ν ν

|ηR| = 1

|ηL| = 1 Majorana

|η′
L| = 1

eγ → νW

|ηL| = 1 ν∗

νW eγ → νW

(22)

|ηR| = 1

νW

((22) ) (18)

νW

νW

Majorana

1 2

|ηL| = 1

|ηR| = 1 W
√

s =

1 TeV λ = λ′ = 1

1 mν∗ = 272 GeV(
√

x = 3.4) 2

mν∗ = 500 GeV |ηR| = 1 ηR

|ηL| = 1 ηL

ηL = ±1

-40 -20 0 20 40

θ of W boson (deg)

60-60
0

0.5

1

1.5

2

(d
σ
/d

t)
/(

d
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3
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1: eγ → ν(ν)W W
√
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1 TeV, mν∗ = 272 GeV ηL = ±1(dashed line) |ηR| =

1(dotted line)
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(d
σ
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/(

d
σ
/d
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d
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2: eγ → ν(ν)W W
√

s =

1 TeV, mν∗ = 500 GeV ηL = ±1(dashed line) |ηR| =

1(dotted line)

4

─86─



1/(t−M2
W )2

g(s, t, u) u2

|ηR| = 1

|ηL| = 1

ηL = 1 θ = 0

2 (ηR = 1, η′
L = −1)

3.3

|η′
R| = 1

νW νW

Majorana

(17) (21)

σ =
λ2λ′2(eg)2

16πM2
W

|ηL(R)|2F (x, y) (23)

F (x, y) x ≡
m2

ν∗/M2
W y ≡ M2

W /s

F (x, y) =
y(1 − 4x + 4xy − 6x2y)

x
log

˛̨̨
˛ xy

1 − y + xy

˛̨̨
˛

+
(1 − y)(1 − 2y + 6xy)

x
− y2(1 − x)(1 − y)

x(1 − y + xy)

(24)

√
s = 1 TeV(y = 0.0064) F

x F (x, 0.0064)

5 0.146

10 5.98 × 10−2

50 4.71 × 10−3

100 1.18 × 10−3

(23)

(eg)2

16πM2
W

= 0.13 × 10−6GeV−2 = 51pb

x = 10(mν∗ = 253 GeV )

|ηL(R)|2 = 1 3.0λ2λ′2 pb x =

50(566GeV) 0.24λ2λ′2 pb λ, λ′

1

νW 80 pb

1033 s−1cm−2
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