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Neutrino trident scattering

Neutrino Trident Scattering (NTS) is a weak process:

A neutrino, scattering off a heavy nucleus, generates a pair of
charged leptons.

Figure 1: Diagrams for the νj → νiℓ
−
k ℓ

+
l .
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Neutrino trident scattering

1964 Trident scattering to examine the V-A theory.
(Czyz, Sheppey, and Walecka)

1971 Momentum and angular distribution of the NTS.
(Lovseth and Radomiski, Koike et al, Fujikawa)

1972 Trident scattering to examine the W-S theory.
(Brown, Hobbs, Smith and Stanko)

Measurements of νµ → νµµ
+µ−.

1990 σexp
σSM

= 1.58+0.64
−0.64 CHARM-II. (Geiregat et al., 1990.)

1991 σexp
σSM

= 0.82+0.28
−0.28 CCFR. (S. R. Mishra et al., 1991.)

1999 σexp
σSM

= 0.72+1.73
−0.72 NuTeV. (T. Adams et al., 2000)

The average value σexp
σSM

= 0.95+0.25
−0.25

Revival
2014 Trident scattering to constrain new physics.

(Altmannshofer, Gori, Pospelov, and Yavin)
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Neutrino trident scattering

In SM, the interaction terms between µ and νµ are

LW =
g

2
√
2

(
ν̄µγ

α
(
1− γ5

)
µW+

α + µ̄γα
(
1− γ5

)
νµW

−
α

)
LZ =

g

4 cos θW

(
ν̄µγ

α
(
1− γ5

)
νµ + µ̄γα

(
−1 + γ5 + 4 sin2 θW

)
µ
)
Zα

(1.1)
So in SM, a µ+µ− pair can be generated by W and Z exchange
from the operator

g2

8m2
W

ν̄µγ
α
(
1− γ5

)
νµµ̄γα

(
1− γ5

)
µ

g2

16m2
W

ν̄µγ
α
(
1− γ5

)
νµµ̄γα

(
−1 + γ5 + 4 sin2 θW

)
µ

(1.2)

where the momentum transfer is much smaller than mW .
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Neutrino trident scattering
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Figure 2: W contribution.
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Figure 3: Z contribution.

In SM, the weak interaction contribution would be

g2

16m2
W

ν̄µγ
α
(
1− γ5

)
νµµ̄γα

(
1− γ5 + 4 sin2 θW

)
µ (1.3)
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Type-II Seesaw
In Type-II Seesaw, one heavy Higgs triplet ∆ is added1,
which contributes to reduce the cross section of NTS.

Table 1: Quantum number of the particles concerned with type-II
seesaw. Q = I3 + Y .

SU(2)L U(1)Y

LLi

(
νeL
eL

)
2 −1

2

Φ

(
ϕ+

ϕ0

)
2

1

2

∆

(
∆+/

√
2 ∆++

∆0 −∆+/
√
2

)
3 1

1Konetschny and Kummer, 1977; Magg and Wetterich,1980; Schechter and Valle, 1980;
Cheng and Li, 1980; Lazarides et al., 1981; Mohapatra and Senjanovic, 1981.
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Type-II Seesaw

The extra Yukawa coupling term

−LMν = fijL
T
Li
Ciσ2∆LLj + h.c. (1.4)

1 lepton number violated by 2.
2 generate Majorana mass matrix of neutrino after SSB.

Covariant derivative,
DµΦ =∂µΦ− i

g

2
W a

µσ
aΦ− i

g′

2
BµΦ

Dµ∆ =∂µ∆− i
g

2

[
W a

µσ
a,∆

]
− ig′Bµ∆.

(1.5)
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Type-II Seesaw

The extra Yukawa coupling term

−LMν = fijL
T
Li
Ciσ2∆LLj + h.c. (1.4)

1 lepton number violated by 2.
2 generate Majorana mass matrix of neutrino after SSB.

Covariant derivative,
DµΦ =∂µΦ− i

g

2
W a

µσ
aΦ− i

g′

2
BµΦ

Dµ∆ =∂µ∆− i
g

2

[
W a

µσ
a,∆

]
− ig′Bµ∆.

(1.5)
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Type-II Seesaw

The Higgs sector is also extended

LHiggs = (DµΦ)† (DµΦ)+Tr
[
(Dµ∆)† (Dµ∆)

]
−V (Φ,∆). (1.6)

where

V (Φ,∆) =−m2
ΦΦ

†Φ+M2 Tr∆†∆+
(
µΦT iσ2∆†Φ+ h.c.

)
+

λ

4

(
Φ†Φ

)2
+ λ1Φ

†ΦTr∆†∆+ λ2

(
Tr∆†∆

)2
+ λ3 Tr

(
∆†∆

)2
+ λ4Φ

†∆∆†Φ.

(1.7)
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Type-II Seesaw

After SSB,

⟨Φ⟩ SSB=⇒
(

0

vd/
√
2

)
⟨∆⟩ SSB=⇒

(
0 0

v∆/
√
2 0

)
.

m2
Φ =

λ

4
v2d +

λ1 + λ4

2
v2∆ −

√
2µv∆

M2 = −λ1 + λ4

2
v2d − (λ2 + λ3) v

2
∆ +

µv2d√
2v∆

∼ m2
∆ ≡

µv2d√
2v∆

.

(1.8)
we can generate the mass of gauge bosons and Higgs bosons

m2
W =

g2(v2d + 2v2∆)

4
m2

Z =
(g2 + g′2)(v2d + 4v2∆)

4
. (1.9)
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Type-II Seesaw

To show the mass of Higgs bosons, we write Φ and ∆ in more
explicit form

Φ =

(
ϕ+

(vd + hd + izd) /
√
2

)
, ∆ =

(
∆+/

√
2 ∆++

(v∆ + ht + izt) /
√
2 −∆+/

√
2

)
(1.10)

Then from LHiggs, we can get the mass of ∆++ easily

m2
∆++ =

µv2d√
2v∆

− λ4

2
v2d − λ3v

2
∆ ≈

µv2d√
2v∆

= m2
∆. (1.11)
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Type-II Seesaw

While ∆+ would mix with ϕ+, ie.

LHiggs ⊃
(
ϕ+ ∆+

)
Mcharged

(
ϕ+

∆+

)
,

Mcharged =

( √
2µv∆ − λ4v2∆

2 −µvd +
√
2
4 λ4v∆vd

−µvd +
√
2
4 λ4v∆vd

µv2d√
2v∆

− λ4v
2
d

) (1.12)

where det(Mcharged)=0 and Tr(Mcharged)̸= 0.
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Type-II Seesaw
So there’s a Goldstone boson

G± ≡ cosβϕ± + sinβ∆±, (1.13)

where tanβ =

√
2v∆
vd

. It would be eaten up by W±
µ boson.

And a massive physical field H± is left,

H± ≡ − sinβϕ±+cosβ∆±, m2
H+ =

(
2
√
2µ− λ4v∆

)
4v∆

(
v2d + 2v2∆

)
.

(1.14)
Because of the small mixing angle β, we can always treat H+ as
∆+ approximatively, eg.

m2
∆+ = m2

H+ ≈
µv2d√
2v∆

= m2
∆. (1.15)

August 2, 2022 Ming-wei Li Trident and Type-II Seesaw 13 / 42



Introduction Constrians on NTS W mass Conclusion Discuss

Type-II Seesaw

Acquire the neutrino mass matrix from the added Yukawa
coupling terms LMν ,

−LMν =fijL
T
Li
Ciσ2∆LLj + h.c.

=− fij ℓ̄ciPLℓj∆
++ −

√
2fij ν̄ciPLℓj∆

+ + fij ν̄ciPLνj∆
0 + h.c. ,
(1.16)

the last term would induce a Majorana-type mass matrix, ie.

mij = (Mν)ij =
√
2fijν∆ =

µv2d
m2

∆

fij , (1.17)

so the neutrino masses are suppressed by the mass of added
Higgs boson m∆.

August 2, 2022 Ming-wei Li Trident and Type-II Seesaw 14 / 42



Introduction Constrians on NTS W mass Conclusion Discuss

Content

1 Introduction

2 Constrians on neutrino trident scattering

3 W mass prospect

4 Conclusion

August 2, 2022 Ming-wei Li Trident and Type-II Seesaw 15 / 42



Introduction Constrians on NTS W mass Conclusion Discuss

Type-II Seesaw contribution to NTS

−LMν = −fij ℓ̄ciPLℓj∆
++−

√
2fij ν̄ciPLℓj∆

++fij ν̄ciPLνj∆
0+h.c. .

In type-II seesaw model, a µ+µ− pair can be generated by ∆+,

N N

νµ

γ

∆
−

µ+

ν

µ−

N N

νµ

µ+

µ−

ν

γ

∆
−

Figure 4: Type-II Seesaw contribution to NTS.
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Type-II Seesaw contribution to NTS
The effective operator would be

2fijf
∗
kl

m2
∆

ν̄ciPLℓj ℓ̄lPLν
c
k =

mijm
∗
kl

2m2
∆v

2
∆

ν̄kγ
µPLνiℓ̄lγµPLℓj (2.1)

Notice that we should sum over all flavor neutrinos in final
states. Then we get the final modification

σ

σSM
=

1

(1 + 4s2w)2 + 1

((
1 + 4s2w −

2m2
W

g2
|mµµ|2

m2
∆v2∆

)2

+

(
1−

2m2
W

g2
|mµµ|2

m2
∆v2∆

)2

+ 2

(
2m2

W |mµµ|2

g2m2
∆v2∆

)2(
|meµ|2 + |mτµ|2

|mµµ|2

))
,

(2.2)

where m2
W

g2
could be replaced by the electroweak vev v because

4m2
W

g2
= v2d + 2v2∆ = v2 =

1√
2GF

= (246GeV)2 (2.3)
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Type-II Seesaw contribution to NTS
Treat the ratio as a quadratic function of 1

m2
∆v2∆

σ

σSM
= a

(
1

m2
∆v

2
∆

)2

+ b

(
1

m2
∆v

2
∆

)
+ 1, (2.4)

where

a =

(
v2 |mµµ|2

)2 (
1 +

|meµ|2+|mτµ|2

|mµµ|2

)
2
(
(1 + 4s2w)

2 + 1
)

b =− v2 |mµµ|2 (2 + 4s2w)

(1 + 4s2w)
2 + 1

. (2.5)

When degenerating to SM, we can see that

m2
∆v

2
∆ → ∞,

σ

σSM
→ 1,

which means that the type-II contribution to trident scattering
is negligible if m2

∆v
2
∆ is very large.
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Type-II Seesaw contribution to NTS
With the property of quadratic function, we can draw the figure,

Figure 5: The rough lower bound of the ratio σ

σSM
.
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Constrains on type-II seesaw

Use upper bound of 1

m2
∆v

2
∆

to constrain σ

σSM
better.

1 ℓ−i → ℓ+j ℓ
−
k ℓ

−
l

2 ℓ−i → ℓ−j γ

August 2, 2022 Ming-wei Li Trident and Type-II Seesaw 20 / 42



Introduction Constrians on NTS W mass Conclusion Discuss

Constrains on type-II seesaw

−LMν = −fij ℓ̄ciℓj∆
++ −

√
2fij ν̄ci ℓj∆

+ + fij ν̄ci νj∆
0 + h.c. .

ℓ−i → ℓ+j ℓ
−
k ℓ

−
l arises at tree level and is mediated by ∆++.

ℓ
−

i

ℓ
−

l

ℓ
−

k

ℓ
+

j

∆
−−

Figure 6: The diagram of ℓ−i → ℓ+j ℓ
−
k ℓ

−
l .

August 2, 2022 Ming-wei Li Trident and Type-II Seesaw 21 / 42



Introduction Constrians on NTS W mass Conclusion Discuss

Constrains on type-II seesaw

Its rate is found to be

Γ
(
ℓ−i → ℓ+j ℓ

−
k ℓ

−
l

)
=

1

2 (1 + δkl)

m5
ℓi

192π3

∣∣∣∣fijfklm2
∆

∣∣∣∣2 . (2.6)

With the upper bound of branching ratio, we can give the lower
bound of m2

∆v
2
∆.

Process Branching2 Constraint

µ− → e+e−e− 1.0× 10−12 m∆v∆ >
∣∣∣(Mν)µe (Mν)ee

∣∣∣1/2 × 145TeV

τ− → µ+e−e− 1.5× 10−8 m∆v∆ >
∣∣∣(Mν)τµ (Mν)ee

∣∣∣1/2 × 8.6TeV

τ− → µ+µ−e− 2.7× 10−8 m∆v∆ >
∣∣∣(Mν)τµ (Mν)µe

∣∣∣1/2 × 8.8TeV

τ− → µ+µ−µ− 2.1× 10−8 m∆v∆ >
∣∣∣(Mν)τµ (Mν)µµ

∣∣∣1/2 × 7.9TeV

2R. Primulando, J. Julio and P. Uttayarat, 2019.
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Constrains on type-II seesaw

These constrains are weak. eg, for µ− → e+e−e−,

The lower bound of m2
∆v

2
∆ is

significant only when lightest
neutrino mass m0 is smaller
that 10−3.

Figure 7: The range of |mµemee|1/2.
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Constrains on type-II seesaw
So the range of ratio is still very large.

Figure 8: The lower bound of the ratio σ

σSM
with the constrain from

µ− → e+e−e−.
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Constrains on type-II seesaw

−LMν = −fij ℓ̄ciℓj∆
++ −

√
2fij ν̄ci ℓj∆

+ + fij ν̄ci νj∆
0 + h.c. .

ℓ−i → ℓ−j γ occurs through one-loop penguin diagrams, mediated
either by ∆+ or ∆++,
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Constrains on type-II seesaw

ℓ−i

∆
−

ν̄k

γ

ℓ−j
ℓ−j ℓ−i

∆
−

ν̄k

γ

ℓ−i
ℓ−j

ℓ−i

∆
−−

l+k

γ

ℓ−j
ℓ−j ℓ−i

∆
−−

l+k

γ

ℓ−i
ℓ−j

ℓ−i

∆
−−

l+k

γ

ℓ−j

Figure 9: The diagram of ℓ−i → ℓ−j γ.
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Constrains on type-II seesaw

Neglected all internal lepton masses, we can get decay rate,

Γ
(
ℓ−i → ℓ−j γ

)
=

m5
ℓi
αem

(192π2)2

∣∣∣f †f
∣∣∣2
ij

(
1

m2
∆+

+
8

m2
∆++

)2

=
m5

ℓi
αem

(192π2)2

(
9
∣∣f †f

∣∣
ij

m2
∆

)2

.

(2.7)

Lower bound of m2
∆v

2
∆ could be

Process Branching3 Constraint

µ− → e−γ 4.2× 10−13 m∆v∆ >

√
9
∣∣∣M†

νMν

∣∣∣
µe

× 15.3TeV

τ− → e−γ 3.3× 10−8 m∆v∆ >

√
9
∣∣∣M†

νMν

∣∣∣
µe

× 0.6TeV

τ− → µ−γ 4.4× 10−8 m∆v∆ >

√
9
∣∣∣M†

νMν

∣∣∣
µe

× 0.56TeV

3R. Primulando, J. Julio and P. Uttayarat, 2019.
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Constrains on type-II seesaw

These constrains are much stronger, eg,

0.041eV < 3

√∣∣∣M †
νMν

∣∣∣
µe

< 0.054eV. (2.8)
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Constrains on type-II seesaw
So the range of ratio is very small.

Figure 10: The lower bound of the ratio σ

σSM
with the constrain

from µ− → e−γ.
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Constrains on type-II seesaw
To combine the constrains from µ− → e+e−e− and µ− → e−γ,

1 v∆ in (6.3 ∼ 20)eV
(
100GeV
m∆

)
⇒ Γ (µ → eγ) is satisfied.

2 scanning the parameter in 3σ region.
3 calculate the Γ (µ → e+e−e−) and σ

σSM
.

Figure 11: Combine two constrains.

(a) NO (b) IO
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Recent Experimental data

The recent new measurement W mass by CDF,

mCDF
W = 80, 433.5± 9.4MeV,

7σ level above the SM prediction,

mSM
W = 80, 357± 6MeV.

Keeping other SM parameters unchanged as before,

ρ ≡
m2

W

m2
Z cos2 θW

= 1.0019.
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Type-II seesaw modification on W mass

In type-II seesaw model, the mass of W and Z are changed as

m2
W =

g2(v2d + 2v2∆)

4
m2

Z =
(g2 + g′2)(v2d + 4v2∆)

4
,

so we can easily acquire

ρ = 1 +∆ρ = 1−
2v2∆

v2d + 4v2∆
. (3.1)

It’s evidently smaller than 1, which is contradict to what we
discussed before.
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Type-II seesaw modification on W mass

Considering
GF√
2
=

g2

8m2
W

, (3.2)

we get that v2d + 2v2∆ = v2 = (246GeV)2. Meanwhile ,

ρ = 1−
2v2∆

v2d + 4v2∆
= 1−

2v2∆
v2 + 2v2∆

=
1

1 + 2
(v∆

v

)2 (3.3)

Signiffcant effect on ρ needs v∆ to be of order a GeV or so.

As the modification is in the wrong direction, so we want v∆ to
be little small
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Type-II seesaw modification on W mass

Notice the constrains we discussed before,

m∆v∆ >

√
9
∣∣∣M †

νMν

∣∣∣
µe

× 15.3TeV

⇒v∆ > (6.25− 8.39)eV
(
100GeV
m∆

)
,

(3.4)

which is compatible with experimental lower limit4 of a few
hundred GeV of m∆.

So v∆ could be very small.

4Particle Data Group Collaboration, P. A. Zyla et al., 2020.
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Prospects

To make the model in right direction, we can inrtoduce some
new scalar Higgs bosons, the mass of W and Z are changed as

mW = g2
∑
i

v2i
2
(Ii(Ii + 1)− Y 2

i ), mZ = (g2 + g′2)
∑
i

(Y 2
i v

2
i )

(3.5)
so that

ρ =
m2

W

m2
Z cos2 θW

=

∑
i
v2i (Ii(Ii + 1)− Y 2

i )

2
∑
i
(Y 2

i v
2
i )

. (3.6)

If their hypercharge Y is 0, they would give a positive
contribution to ρ.
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Prospects

For example5, we can introduce a triplet ξ whose Y = 0, then

ρ =

v2d
2 + v2∆ + 2v2ξ

2(
v2d
4 + v2∆)

= 1−
2v2∆

v2d + 4v2∆
+

4v2ξ
v2d + 4v2∆

. (3.7)

If the contribution of v∆ is small enough to neglect, with
∆ρ = 0.0019 we can estimate that

vξ ≈ 5.36GeV. (3.8)

5J.-Y. Cen, J.-H. Chen, X.-G. He, and J.-Y. Su, 2018.
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Neutrino trident scattering

1 Combining constraints from 0νββ, σ

σSM
> 0.977.

Close to the current experimental central value.

2 From cosmological considerations, the effect of ∆ on σ

σSM
is limited to be less than 0.1%.

A challenge to experimental test.
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W mass

1 A non-zero v∆ make ∆ρ < 0 which is in the wrong
direction.

But we could choose it very small so that its contribution
to ρ could be neglectable.

2 To achieve ρ = 1.0019, we can introduce some new scalars
Higgs whose Y = 0.

Their vevs should reach of order a GeV.
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Thanks
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Question

Questions?
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