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The difference, in any observable, between Dirac and Majorana neutrinos in 
SM processes (SM gauge group + massive neutrinos) is proportional to some 

power of the neutrino mass    (if neutrino variables are not measured).( mν

E )
n

PRACTICAL DIRAC-MAJORANA CONFUSION THEOREM 
(DMCT)

Boris Kayser, Phys.Rev.D 
26 (1982) 1662
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Alternatives
New Physics Effects

Measure Neutrino Variables

Re(ℳij(p2, p3)ℳ*ji (p3, p2)) ∝ m2
ν .

dΓM ∝
1
2 ∑

i,j

|ℳ |2 =
1
2

|ℳ(p2, p3) |2 +
1
2

|ℳ(p3, p2) |2 → ΓM ≠ ΓD
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ℒ ⊃
GF

2 ∑
a=S,P,V,A,T

ν̄Γaν[l̄ Γa(Ca + D̄aiγ5)l] + h . c . ,

where  , with .Γa a = S, P, V, A, T Da ≡ D̄a, a = S, P, T,
Da ≡ iD̄a, a = V, A,

 Scatteringνe → νe

 Majorana condition νj = νc
j = Cν̄T

j CV = DV = CT = DT = 0

See also Rodejohan, Xu & Yaguna JHEP05(2017)024 4

 Double all other couplings
and



The cross section of elastic scattering of neutrinos (antineutrinos) with massive charged leptons at 
energies where the local interaction approximation holds, neglecting neutrino masses, is

dσ
dT

(ν + e) =
G2

FM
2π

A + 2B (1 −
T
Eν ) + C (1 −

T
Eν )

2

+ D
MT
4E2

ν
,

dσ
dT

(ν̄ + e) =
G2

FM
2π

C + 2B (1 −
T
Eν ) + A (1 −

T
Eν )

2

+ D
MT
4E2

ν
,

where  is the incident neutrino energy,  and  are the recoil energy and mass of the charged lepton, 
respectively.

Eν T M

A ≡
1
4

(CA − DA + CV − DV)2 +
1
8

(C2
P + C2

S + D2
P + D2

S + 8C2
T + 8D2

T)

+
1
2

(CPCT − CSCT + DPDT − DSDT),

B ≡ −
1
8

(C2
P + C2

S + D2
P + D2

S − 8C2
T − 8D2

T),

C ≡
1
4

(CA + DA − CV − DV)2 +
1
8

(C2
P + C2

S + D2
P + D2

S + 8C2
T + 8D2

T)

−
1
2

(CPCT − CSCT + DPDT − DSDT),

D ≡ (CA − DV)2 − (CV − DA)2 − 4(C2
T + D2

T) + C2
S + D2

P .

Incoming (anti) neutrinos are (right) left-handed
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Dirac vs Majorana (Rosen 1982)

Rρ ≡
2(A + 2B + C)

A + C

0 ≤ Rρ ≤ 4 (Dirac)
0 ≤ Rρ ≤ 2 (Majorana)

In the SM: Rρ = 2 Rodejohan, Xu & Yaguna JHEP05(2017)024
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Cross section considering neutrino masses

dσ
dT

(ν + e) = ∑
i, f

|Uℓi |
2 G2

FM
2π

E2
ν

E2
ν − m2

νi
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T
Eν ) + C (1 −

T
Eν )

2

+D
MT
4E2

ν
+

(m2
νi

− m2
νf

)

2MEν
[(A + 2B) + C (1 −

T
Eν ) + F

mνf

Eν
]

−B
m2

νi
T

ME2
ν

+
mνf

Eν
[G + F (1 −

T
Eν )] + D

m2
νi

+ m2
νf

8E2
ν

,

dσ
dT

(ν̄ + e) = ∑
i, f

|Uℓi |
2 G2

FM
2π

E2
ν

E2
ν − m2

νi

C + 2B (1 −
T
Eν ) + A (1 −

T
Eν )

2

+D
MT
4E2

ν
+

(m2
νi

− m2
νf

)

2MEν
[(C + 2B) + A (1 −

T
Eν ) − G

mνf

Eν
]

−B
m2

νi
T

ME2
ν

−
mνf

Eν
[F + G (1 −

T
Eν )] + D

m2
νi

+ m2
νf

8E2
ν

,

A ≡ |Uℓf |
2 [ 1

4
(CA − DA + CV − DV)2] + |Vℓf |

2 [ 1
8

(C2
P + C2

S + D2
P

+D2
S + 8C2

T + 8D2
T)+

1
2

(CPCT − CSCT + DPDT − DSDT)],

B ≡ − |Vℓf |
2 [ 1

8
(C2

P + C2
S + D2

P + D2
S − 8C2

T − 8D2
T)],

C ≡ |Uℓf |
2 [ 1

4
(CA + DA − CV − DV)2] + |Vℓf |

2 [ 1
8

(C2
P + C2

S + D2
P

+D2
S +8C2

T + 8D2
T) −

1
2

(CPCT − CSCT + DPDT − DSDT)],

D ≡ |Uℓf |
2 [(CA − DV)2 − (CV − DA)2] + |Vℓf |

2 [−4(C2
T + D2

T)

+C2
S + D2

P],

F ≡ Re [UℓfV*ℓf] 1
4

[(CS + 6CT)(CV − DA) + (CP − 6CT)(CA − DV)],

G ≡ Re [UℓfV*ℓf] 1
4

[(CS − 6CT)(CV − DA) − (CP + 6CT)(CA − DV)] .
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νlL = ∑
j

UljNjL, ν′ lR = ∑
j

VljNjR,



Possible neutrino mass effects
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gν
V = gν

A =
1
2

, gl
V = −

1
2

+ 2s2
w, gl

A = −
1
2

.

SM case
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SM case + CT
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B = −
1
8

(C2
P + C2

S + D2
P + D2

S) + C2
T + D2

T (Dirac),

B = −
1
8

(C2
P + C2

S + D2
P + D2

S) (Majorana),

DIRAC 

MAJORANA
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What is new
• We have calculated the neutrino-electron elastic scattering cross section in the presence of general 

new interactions including all the effects due to finite neutrino masses, generalizing the previous 
results 

• We have introduced two new parameters that arise due to considering finite neutrino masses and 
studied the effects of a possible heavy neutrino sector with a non-negligible mixing, as well as the 
impact of the specific neutrino nature on the differential cross section.  

• Specifically, for the case of a tau neutrino dispersion with a mass around 100-400 MeV and an 
incident neutrino energy on the ballpark of  MeV, the linear term suppression could be of 
order , which is a shared feature with the quadratic neutrino-mass term, unlike the results 
obtained on analogous processes where its suppression was very large. 

• Polarization effects can also be taken into account (A. Błaut and W. Sobków, Eur. Phys. J. C, vol. 80, no. 
3, p. 261, 2020.)

102 − 103

10−4 − 10−5
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