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Summary. — In this talk, we discussed the constraints from charged lepton flavor
violation (CLFV) on the Type-1I seesaw model and its impact on neutrino trident
scattering. Using data from neutrino oscillation experiments, we derived a lower
bound on the triplet vacuum expectation value (vev), va, as a function of the triplet
scalar mass ma: va > 0.625 eV (1 TeV/ma). Furthermore, we also find that the
Type-1I seesaw reduces the standard model (SM) neutrino trident scattering cross
section, and the deviation ratio remains above 0.98 at the 30 confidence level.

1. — Introduction

Neutrino oscillations imply nonzero neutrino masses, the first confirmed sign of physics
beyond the Standard Model (SM) [1]. Among various mechanisms, the type-II seesaw
introduces an electroweak triplet scalar A, whose neutral component acquires a small
vacuum expectation value (vev) va to generate tiny neutrino masses [2, 3, 4, 5, 6, 7].

The singly charged component AT also contributes to neutrino trident scattering
vuN — voNptp~, a rare process measured by CHARM-II, CCFR and NuTeV [8, 9,
10]. Although current data agree with the SM within large uncertainties, upcoming
experiments such as neutrino near detectors [11] and forward physics experiments [12]
will significantly improve sensitivity.

In this work we combine constraints from the CLFV processes to study the type-
IT seesaw model contribution to neutrino trident scattering. We find a lower limit on
parameter mava, and show that the predicted trident cross section deviates from the
SM by less than 2% at 3o level.
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2. — Type-II seesaw model

To explain the tiny neutrino mass, a elecroweak triplet higgs scalar is introduced

in type-II seesaw, which couples to a pair of lepton doublet via Yukawa interactions,
model[2, 3, 4, 5, 6, 7],

Ly = }{1/31i§§}31,13[313 + h.c.

n 1, _ _
:VgYaBPLV[gAO - §(V3YQBPLKQA+ + ggYa,(aPLl/gAJr) — faYaBPLeﬂA++ + h.c.,

where a, 8 = e, i, 7. Due the extended higgs potential
) V(®A) = —m2dtd 4+ mA TrATA + 2 (070) + udTio?ATd + he. |
o A 4 K

the new triplet higgs also acquire a non-zero vev (A%) = va/V2, va = uv3/(v/2m3),
where @ is usual scalar SU(2), doublet with vev vg. Then the extended Yukawa coupling
term between neutrinos and A° can generate the tiny Majorana neutrino mass matrix

(My)ap = Map = ﬁYaBUAv

(3) miy =V2Yapua = Y UaiUgim! .

Due to the Majorana feature of neutrinos in type-II seesaw model, the neutrinoless double
beta decay experiment [13] can give the strongest constraint Majorana mass matrix mee
(see in Fig. 1).

A non-zero va also affects the gauge boson mass m¥, = ¢g?(v3 + 2v3)/4, m% =
(g% + g"*)(v3 +4v3%)/4. Therefore, there is a minimal effects on electroweak parameter p
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Fig. 1. — Constraints on Majorana neutrino
mass matrix, mee < 0.45¢V, which implies Fig. 2. — The 3¢ range of |m/},.mZ,|
the lightest neutrino mass mo < 0.44eV
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where v? = 1/(V2GF) = 4m¥, /g% = v2 + 20 = (246GeV)? [1]. Previous constraint on
p parameter is given by [1] p = 1.00038 £ 0.00020, which implies an upper bound on wva,
namely, va < 4.8GeV at 95% CL.

3. — CLFYV violation constraints on Type-II seesaw model.

Due to the extend Yukawa interactions, type-II seesaw model would contribute to
lo — lg7y process mediated by AT+ and AT at the one loop level,

2 v v 2
F(M_ _>e_fy) _ mzaem (9’YTY‘H€> _ (mzaem <9}(m )Tm |p,e> )

(19272)? mi 19272)* 2mAva
where we assume the degenerate triplet higgs spectrum. With the oscillation data [10],
we could derive that

|(m¥)Tm| =

= |UH2U§2Am§1 + UHSU:BAm§1’

Z U,“-U;-m?
(5) i

=1.36 x 1072 eV <y /[(m¥)tm¥|,, < 1.81 x 1072 eV .

Currently, experimental searches for these processes have yielded null results, imposing
stringent constraints on the model parameters, ie. the lower limit for mawva,

(6) Br(u— ey) <4.2x1071 = mava > /9 [(m¥)Tm”|,, x15.3TeV 2 0.625 eV-TeV.

Similarly, exchanging At at tree level, one obtains the decay rate of p= — ete~e~
process,

2
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1 myeme,
T 419273

(7) I'(p~ —etee)

2mi v
The corresponding branching ratio also impose the constraints
(8) Br(p~ —efee”) <1.0x 1072 = mava > mzemge|1/2 x 145 TeV

e R - 1/2 .
While, similar to mY,, as we shown in Fig. 2, there’s no low limit for ’mzemge‘ / , which

means that with the u= — eTe~e™ data, we couldn’t give the lower limit for mava
directly.

4. — Type-II seesaw contribution to neutrino trident scattering

Mediated by AT, the operator contributing to neutrino trident scattering v, N —
Vo Nt~ arises from the Yukawa interaction Ly,

2yA YA* B . mY mY *
9) La+ = %VZPLM?PRV& = WDQ’YMPLVMMVH(l —" )
A AYA
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where the index « could be e, u,7 because the flavors of the final neutrinos are not
identified experimentally. Due to the 7° trace property, we can derive that

2 2
G* [el e |2 T2
(1 + 4sin? Gy — ﬁGFM) . (1 ~ ﬂGFM) L 4G5+ PHIGT L )

(10)  osm+a+ _ G
osM (1+4sin® 6y ) + 1
mY 2 mY mY* mY mY*
where G\, = %, Gar = 25—, and GL, = —25—7F. Notice that the

4mzA VA 41712A 1}2A 4mzA VA
parameters mey,, My, My, depend on the lightest neutrino mass mg, we can draw the
lower bound of the above ratio in Fig.3 with the constrain from =~ — e~ in eq.(8). The
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Fig. 3. — The maximum deviation of o/osn with 3o constraints from p — evy.

ratio, o/osp, the cross section o by experimental measurements to the SM predicted
cross section gy are 1.58 4 0.64[8], 0.82 4 0.28[9] and 0.727}-73[10], respectively. The
average value is given by oexp/osm = 0.93 £ 0.25.

In Fig. 3, the green line shows the Ov3( constraint on the lightest neutrino mass,
which has been discussed in Fig. 1. Besides, the recent tritium S decay experiment [14]
also report their result of the effective electron antineutrino mass m, < 0.45eV at 20
level, which also implies that the nlightest neutrino mass mg << 0.44eV. Considering
these constraints, o/ogy deviates from the SM by at most 2% at 30, close to the current
experimental central value. If we also take into account the cosmological constraints
from the Planck collaboration [15], which impose stronger limits on neutrino masses,
mY© < 0.030 eV and m{® < 0.015 eV, the effect of A on o/cg); is restricted to less than
0.1%, making it very challenging to test experimentally.
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