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Abstract. The seesaw scale is a priori unknown. If the seesaw scale is low, one may directly look for the
new particles predicted by seesaw models. If the seesaw scale is high, such an approach is unfeasible. We
show that in some supersymmetric seesaw models the large Yukawa couplings of high scale seesaw models
leave their fingerprints to Higgs-slepton couplings and that this can result in decays of the type ν̃2 → ν̃1h
in Type-I and Type-III seesaw models and ℓ̃±2 → ℓ̃±1 h in the latter. Unfortunately the current exclusion
bounds make it impossible to see a significant signal even at the High-Luminosity phase of the LHC. In
this paper, we highlight that the High-Energy phase of the LHC (with

√
s = 27 TeV) could afford one

with some sensitivity to those in the single lepton channel.

PACS. 14.80.Ly Supersymmetric partners of known particles; 12.60.Jv Supersymmetric models; 14.60.St
Non-Standard Model neutrinos, right-handed neutrinos etc.

1 Introduction

Neutrino masses have been known to be non-zero for 25
years [1]. As they are so much smaller than all other Stan-
dard Model (SM) fermion masses, one usually assumes
that they are generated by some kind of a seesaw mech-
anism [2–6]. The masses are still generated through the
Higgs mechanism, but suppressed by a heavy seesaw par-
ticle, which can be a singlet neutrino (Type-I), a triplet
of Higgs bosons (Type-II) or a triplet of exotic leptons
(Type-III) (see Refs. [7, 8] for reviews).

The seesaw scale is a priori unknown. If the seesaw scale is
around the Electro-Weak (EW) scale, one may be able to
produce the seesaw particles directly at the Large Hadron
Collider (LHC) [9–12]. One of the original ideas [4] was
that the smallness of the neutrino masses could be related
to the breaking of a Grand Unification Theory (GUT),
i.e., the relevant Yukawa couplings would be of order unity
and the seesaw scale somewhere around αMGUT ∼ 1014 GeV.
Such energy scales are obviously out of the reach of present
and future colliders.

Supersymmetry, the symmetry between fermions and bosons,
is often a necessary ingredient in formulating models with
large separations of scales. Due to the cancellation be-
tween the bosonic and fermionic loops, the separation of
scales is radiatively stable [13], once it has been generated
by some dynamics. Thus in the supersymmetric frame-
work, scalar masses would not get quadratic corrections

proportional to the seesaw scale and an EW scale Higgs
boson would not be unnatural even if the seesaw scale was
close to the GUT scale.

In the context of high scale seesaw models, supersymmetry
has one remarkable property. The scalar potential, and
especially its F -terms being of the form

V =
∑
i

∣∣∣∣∂W∂φi

∣∣∣∣2 , (1)

leads to four-scalar interactions without the seesaw parti-
cle but with the seesaw couplings involved. If the couplings
are of the order unity, they are among the largest ones in
the model and could lead to observable consequences.

For definiteness, let us consider the Type-I seesaw model,
where the extra superpotential terms in addition to those
of the Minimal Supersymmetric Standard Model (MSSM)
are

W = WMSSM + yνL ·HuN
c +MNN cN c, (2)

where we assume yν ∼ 1 and MN ∼ 1014 GeV. When
differentiating with respect to N c, one gets the term∑

k

yν∗ik y
ν
jkL̃

†
i ·H

†
uL̃j ·Hu,

involving only Higgs bosons and left-handed sleptons, which
we assume to be at the TeV scale. If there are significant
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mass splittings between the sfermion generations, which
could well be generated through Renormalisation Group
Evolution (RGE) due to the large couplings, one might
get processes like ν̃i → ν̃jh with a large Branching Ra-
tio (BR). If the sneutrinos decay visibly, the decays can
be distinguished from mono-Higgs signatures that could
arise from dark matter [14,15]. Slepton decays with Higgs
bosons in the final state could offer an indication of a high
scale seesaw model and thus provide us a window to scales
otherwise beyond our experimental reach.

Our aim is to investigate how could one observe such slep-
ton decay patterns involving Higgs bosons in seesaw mod-
els of Type-I and Type-III, which have a similar structure
in terms of the TeV scale Lagrangian.

Our paper is organised as follows. Higgs-slepton interac-
tions are described in the next section, which is followed
by a discussion of the production and decay modes rele-
vant to our research. Our numerical analysis is introduced
in the following section, after which we conclude.

2 Higgs-slepton interactions in seesaw models

We shall now look at how the Higgs-slepton interactions
arise from our seesaw models in some detail. In particu-
lar, we look at Type-I and Type-III seesaw models. Both
have Yukawa couplings that connect the lepton and Higgs

doublets to the seesaw particles, which form a singlet and
triplet under SU(2). The superpotential of Type-I seesaw
is given in Eq. (2) and for Type-III seesaw it is

W = WMSSM + yνLΣHu +MΣTr(Σ
2), (3)

where L is the left-chiral lepton doublet andHu = (H+, H0)T

is the up-type Higgs doublet. The Σ is an antilepton (L =
−1) chiral superfield which transforms as (1, 3, 0) under
the SM gauge group SU(3)c×SU(2)L×U(1)Y . The mass
term for Σ violates lepton number by two units.

The superfield Σ can be represented

Σ = σiΣi =
(
Σ0/

√
2 Σ+

Σ− −Σ0/
√
2

)
, Σ± =

Σ1 ∓ iΣ2

√
2

, Σ0 = Σ3.

(4)

The models look very similar in what comes to neutrino
mass generation, both having a lepton and a Higgs doublet
coupling to the companion neutrinos. The only difference
is that the L andHu superfields combine to a singlet in the
case of Type-I and to a triplet in the case of Type-III see-
saw. This difference between the two seesaw models leads
to a difference in the scalar potential which contributes the
processes that lead to slepton decays containing a Higgs
boson.

When we expand the neutrino Yukawa terms in the su-
perpotential, we get

W = yνij

(
e−i H

+
u − 1√

2
νiH

0
u

)
N c

j + . . . , (5)

W = yνij

(
1√
2
e−i H

+
u Σ0

j − νiΣ
−
j H

+
u +

1√
2
e−i Σ

+
j H

0
u +

1

2
νiΣ

0
jH

0
u

)
+ . . . , (6)

for Type-I and Type-III, respectively. Here we have in-
cluded a factor of 1/

√
2 into the definition of the neutral

Higgs field.

Differentiating with respect to the heavy seesaw fields
leads to the scalar potentials

V =
∑
k

1

2
yνiky

ν∗
jk ν̃iν̃

∗
jH

0
uH

0∗
u + . . . , (7)

V =
∑
k

1

4
yνiky

ν∗
jk

(
ν̃iν̃

∗
jH

0
uH

0∗
u + 2ẽ−i ẽ

+
j H

0
uH

0∗
u

)
+ . . . ,(8)

for Type-I and Type-III, respectively. Hence one in gen-
eral gets Higgs interactions with sleptons that are non-
diagonal in flavour space and, in the case of a high scale
seesaw, have large couplings. After EW Symmetry Break-
ing (EWSB) we have ⟨H0

u⟩ = v sinβ (v = 246 GeV), which
generates a three-point coupling between sleptons and the
SM-like Higgs.

One may also note that in Type-III seesaw there is a non-
flavour-diagonal coupling between charged sleptons and
Higgs bosons, while there is no such coupling in the case
of Type-I seesaw. As we discuss below, this leads to a
stronger signal arising from Type-III than Type-I seesaw.
We further notice that, while the usual D-terms of the
scalar potential also contain large couplings between sneu-
trinos, charged sleptons and Higgs bosons, such couplings
are always flavour-diagonal and cannot result in decays of
the type ν̃2 → ν̃1h, which is our smoking gun signature
for high scale seesaw models.

Besides the decay modes containing Higgs bosons, there
are other decay channels and the visibility of the signal
depends on the branching ratios. If the Lightest Super-
symmetric Particle (LSP) is a higgsino-like neutralino and
the gauginos are heavier than the sleptons, the decays
of the left-handed sleptons arise from the superpotential
term yℓLHdE

c, so one gets the decays ν̃ → χ̃±ℓ∓ and
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ℓ̃± → χ̃0ℓ±. These lead to partial widths

Γ(ν̃j → ℓ±j χ̃
∓
i ) = |yℓjj |2|Ui2|2

(m2
ν̃ −m2

χ̃)
2

32πm3
ν̃

, (9)

Γ(ℓ̃±j → ℓ±j χ̃
0
i ) = |yℓjj |2|Ni3|2

(m2
ℓ̃
−m2

χ̃)
2

16πm3
ℓ̃

, (10)

where Ui2 gives the higgsino component of the chargino
(for our benchmarks |Ui2|≃ 1), Ni3 gives the down-type
higgsino component of the neutralino (for our benchmarks

|N13|≃ 1/
√
2). If the soft slepton masses are not flavour di-

agonal, an appropriate linear combination of the leptonic
Yukawas corresponding to the flavour composition of the
sleptons must be used.

If the LSP is a gaugino there are additional decay channels
ν̃ → νχ̃0 and ℓ̃± → χ̃±ν (if winos are light) and the decay
widths are propotional to g2 instead of |yℓ|2 and gaug-
ino components instead of higgsino components. Since we
have the hierarchy yℓ11 ≪ yℓ22 ≪ yℓ33 ≪ g, the strength
of our signal will depend on the nature of the light neu-
tralinos and charginos and in the case of higgsinos, the
flavour of the heavier sleptons. As the electron and muon
Yukawas are so tiny, in practice the mixing between the
gaugino and higgsino components will be significant for
the overall decay widths of the sneutrinos and charged
sleptons unless the gauginos are extremely heavy.

We shall concentrate on the higgsino case, since as we shall
see, already the tau Yukawa is so large that the signal
containing Higgs bosons will have a too small branching
ratio if stau is the heavy slepton that decays. Hence in all
our benchmarks we make our gauginos heavier than the
sleptons.

3 The production and decay mechanisms

To study the high-scale seesaw signatures with Higgs bosons,
we build some Benchmark Points (BPs) with m(ẽ±) <
m(µ̃±) < m(τ̃±) and mass splittings between generations
larger than mh ≈ 125 GeV (the mass of the SM-like state
h). As we shall see, this will be the limiting case, where
we still can see a signal. If the second slepton (assuming
the third one to be too heavy to be produced efficiently)
would be a selectron, the signal would be similar (as the
mixing with gauginos dominates the other decay modes
already for smuons), while in the case of a stau, the signal
would almost vanish due to the larger partial widths from
equations (9) and (10). We consider the charged current

process pp → ℓ̃±2 ν̃2, where the subscript indicates mass
ordering. The charged current portal is more promising
as the final state contains charged leptons even when the
sneutrino decays invisibly.

As discussed above, in Type-III seesaw both sneutrinos
and charged sleptons can decay to final states with Higgs
bosons. The dominant process is ℓ̃2 → ℓ̃1h while ν̃2 →
ℓ±χ̃∓

1 , νχ̃
0. The Feynman diagram for such a process is

shown in Fig. 1. There is also a process, where the Higgs

originates from a sneutrino decay, but that has a smaller
BR as can be seen from equation (8). In Type-I seesaw,
only the sneutrino can decay into a Higgs boson via ν̃2 →
hν̃1. The corresponding Feynman diagram is shown in Fig.
2.

These processes can lead to a variety of final state topolo-
gies. Currently the limit for charged slepton masses is
m(ẽ±),m(µ̃±) > 700 GeV for neutralino masses below
350 GeV [16], which we take as our lower limit of charged
slepton masses1. This means that the overall production
rate of slepton-sneutrino pairs will be low, especially as we
have to produce second generation sleptons with a large
mass splitting compared to the first generation ones.

In fact, the production rate at the LHC even with nomi-
nal collision energy (

√
s = 14 TeV) is so low (∼ 30 ab for

1 TeV sleptons), that there will not be sufficient statistics
even at the High-Luminosity LHC (HL-LHC) [17]. Hence
we turn to the proposed High-Energy LHC (HE-LHC) [18]
with a nominal collision energy of

√
s = 27 TeV. This in-

creases the production cross section by an order of mag-
nitude compared to the standard LHC.

Type-III Type-I
N(ℓ) = 0 2484 1842
N(ℓ) = 1 2816 2940
N(ℓ) = 2 794 1268
N(ℓ) ≥ 3 58 169

Table 1. Lepton number multiplicities for typical BPs in both
seesaw models. The luminosity is 10 ab−1 and the energy is√
s = 27 TeV.

In Tab. 1 we show the lepton multiplicities for some typ-
ical benchmark points (BP1 and BP3, defined in Table
2). We see that the single lepton final state has the high-
est multiplicity for both seesaw models. As we will lose
a part of the signal due to different BRs involved in the
model, it is reasonable to look at the state with the high-
est multiplicity first. We also pick the Higgs decay mode
to b-quarks as that has the highest BR and allows to re-
construct the Higgs boson, although not with a too high
precision in mass. Unfortunately the channels with good
mass resolution (i.e., γγ and ZZ∗ → 4 leptons) are too
rare to be useful with such a small event rate.

Our signal events will then consist of events with a single
lepton, two b-tagged jets and missing momentum carried
by the LSP. The largest SM backgrounds to this final state
arise from the following processes:

– tt̄ production where one the top (anti)quarks decays
semileptonically and the other one hadronically;

– W±h production in the case where the W± boson de-
cays into a lepton and a neutrino.

1 With more compressed spectra m(ℓ̃)−m(χ̃0) ≲ 100 GeV,
one obviously can have significantly lighter sleptons. Such cases
need a different analysis strategy than the one adopted here as
we rely on large /ET to suppress SM backgrounds.
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W±

µ̃±

ν̃2

χ̃±
1

ẽ±

χ̃±
1

q

q′

χ̃0

W±

νe

h

µ∓

W±

χ̃0

Fig. 1. The dominant process for charged current slepton-sneutrino production and the subsequent decay involving a Higgs
boson in Type-III seesaw. The W+W− pair of gauge bosons will decay into leptons and/or jets.

W±

µ̃±

ν̃2

q

q′

ν̃1

h

ν̃1

W±

Fig. 2. The dominant process for charged current slepton-
sneutrino production and the subsequent decay involving a
Higgs boson in Type-I seesaw. The W+W− pair of gauge
bosons will decay into leptons and/or jets.

These have been considered to be the dominant back-
grounds in similar types of experimental analyses (e.g.,
[19]).

4 Simulation and results

In this section we will describe our numerical toolbox and
the Monte Carlo (MC) simulations that we have pursued
with it.

4.1 Analysis strategy

The model files are produced by the Mathematica pack-
age Sarah v4.14 [20]. This code also generates a source
code for Spheno v4.0.4 [21, 22] to obtain the mass spec-
trum and couplings as well as for Madgraph5 v2.8.2 [23]
to simulate collider events. We use Pythia v8.2 [24] for
parton showering and hadronisation while we simulate the
detector response by using Delphes3 [25]. We simulate
the analysis and present our numerical results with Mad-
analysis5 v1.8 [26].

We prepare two BPs for Type-III seesaw and two for
Type-I seesaw, which can be detected in the HE-LHC

with 27 TeV collision energy and the integrated lumi-
nosity 10 ab−1. We simulate proton-proton collisions to
produce the second generation sneutrino (ν̃2) and slepton

(ℓ̃2), which in our cases are smuon-like, and select decays
to the SM-like Higgs boson plus corresponding first gen-
eration particles. The mass of ν̃2 and ℓ̃2 should be heavy
enough to allow for the decay kinematics. At the same
time, the mass of lightest slepton is required to be larger
than 700 GeV [27]. The particle mass spectra and relevant
BRs are shown in Tab. 2.

All of the BPs have the same Lightest Supersymmetric
Particle (LSP) and Next-to-LSP (NLSP), which are higgsino-
like neutralinos and charginos. BP1 has a mass spectrum
similar to BP3 and the same situation arises between BP2
and BP4. However, there is a significant difference in the
Higgs production cross section times BRs between Type-
III seesaw and Type-I seesaw. For the sneutrino decay
process, Type-I seesaw has BRs larger than the Type-III
ones, which can be traced back to the factors in equations
(7) and (8). However, the charged slepton decay channel
does not exist in Type-I seesaw whereas it dominates the
Higgs signal in Type-III seesaw, consistent with equations
(7) and (8). As the slepton masses increase, the BR shows
a decreasing trend.

The BR for µ̃± → ẽ±h is high in Type-III seesaw, since
the competing decay mode of eq. (10) is proportional to
the small muon Yukawa coupling squared or the small
gaugino-higgsino mixing factor squared. Had the second
slepton been a selectron, the BR would have been sim-
ilar as the gaugino-higgsino mixing would dominate the
decays to neutralinos/charginos, while for staus the corre-
sponding branching ratio is only a few percent as the tau
Yukawa is large enough to dominate the branching ratio.

As a pre-selection, we require a single lepton and at least
two b-jets, as shown in Tab. 3. We use a working point,
where the b-jet tagger achieves 70% efficiency and only
a 1.5% probability of misidentifying a light-parton jet as
a b-one [28]. Then several cuts are imposed to select the
Higgs signal as per the process in Fig. 1. The leading lep-
ton is dominantly produced from the process ν̃1 → e+χ̃±

1 .
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BP1 BP2 BP3 BP4
m(µ̃) (GeV) 895.3 1001.9 885.5 993.2
m(ẽ) (GeV) 701.9 834.0 692.9 993.2
m(ν̃2) (GeV) 886.8 994.3 891.7 998.6
m(ν̃1) (GeV) 692.8 826.2 697.5 830.2

BR(ℓ̃2 → ℓ̃1 + h) 74.6% 63.1% 0% 0%
BR(ν̃2 → ν̃1 + h) 12.2% 6.7% 30.9% 20.4%

LSP 410.4(χ̃0) 410.4(χ̃0) 410.4(χ̃0) 410.4(χ̃0)
NLSP 413.3 (χ̃±

1 ) 413.3(χ̃±
1 ) 413.3 (χ̃±

1 ) 413.3 (χ̃±
1 )

Table 2. Mass spectra and BRs of our BPs. BP1 and BP2 are for Type-III seesaw while BP3 and BP4 are for Type-I seesaw.
For all of these benchmarks we have bino and wino-like neutralinos with masses of 1100 GeV and 2300 GeV, which leads
to a gaugino component of about 0.3% for the LSP. The relevant neutrino Yukawas are in the range 0.3 < |yν |< 0.5 with∑

k y
ν
1ky

ν
2k ≃ 0.2.

Number of leptons N(ℓ) = 1
Number of b-jets N(b) ≥ 2

Transverse momentum of electron pT (e) > 5 GeV
Transverse momentum of muon pT (µ) > 3 GeV
Transverse momentum of jet pT (j) > 17 GeV

Absolute pseudorapidity of electron |η(e)|< 2.5
Absolute pseudorapidity of muon |η(µ)|< 2.4
Absolute pseudorapidity of jet |η(j)|< 2.4

Relative distance in (η, ϕ) between any two visible objects ∆R ≥ 0.5

Table 3. The multiplicity requirements for our final state topology (ℓ = e, µ), and the definitions of the various objects. Note
that we allow for any number of non b-jets.

As the mass difference between sneutrino and the lightest
chargino is larger than 500 GeV for BP1 and 400 GeV for
BP2, we choose the transverse momentum of the leading
lepton to be larger than 400 GeV to preserve the single
lepton signal and reduce the background, as shown in Fig.
3. The /ET (MET) cut is chosen to be 500 GeV as the
NLSP mass is around that value. In order handle prop-
erly the MC generation of the tt̄ background, we add a
cut at the generation level (MET above 300 GeV) so as
to generate this SM process automatically in the signal
region of interest. The Higgs selection is done by choosing
the interval of invariant mass of the leading and next-to-
leading b-jets from 100 GeV to 150 GeV. Fig. 4 shows a
peak around the SM-like Higgs mass for the signal and
W±h background, while the tt̄ noise is rather flat therein.
Hence, this requirement proves effective against the latter.
Finally, the 100 GeV cut on the transverse mass defined
using the highest pT lepton plus missing transverse mo-
mentum, MT (l1, /ET ), can also significantly reduce back-
ground, especially tt̄, as evident from Fig. 5.

Transverse momentum
of leading lepton pT (ℓ1) > 400 GeV

Missing transverse energy /ET > 500 GeV
Invariant mass of b1, b2 100 GeV < M(b1b2) < 150 GeV

Transverse mass
of leading lepton MT (ℓ1, /ET ) > 100 GeV

and missing momentum

Table 4. The full set of cuts used in the MC analysis.

Fig. 3. The distribution in transverse momentum of the lead-
ing lepton after the pre-selection (and generation-level) cuts.

Fig. 4. The distribution in invariant mass of the leading and
next-to-leading b-jets after the pre-selection (and generation-
level) cuts.
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Fig. 5. The distribution in transverse mass of leading lepton
plus MET after the pre-selection (and generation-level) cuts.

4.2 Numerical analysis

We have applied the cuts of Tab. 4 to all BPs as well
as backgrounds and the results are presented in Tab. 5,
for the discussed HE-LHC energy and luminosity. As ex-
pected, Type-III seesaw preserves more signal events (25.8
for BP1 and 27.7 for BP2) than Type-I seesaw (15.5 for
BP3 and 9.2 for BP4). Furthermore, BP2 and BP4 show
the interesting feature of having fewer initial events (com-
pared to BP1 and BP3, respectively) but displaying a sim-
ilar final result. This is because the sneutrino and smuon
in BP2(BP4) are heavier than those in BP1(BP3), leading
to a larger MET and higher transverse momentum of the
leading lepton (pT (ℓ1)), thereby increasing the efficiency
of the corresponding selections.

The significances are shown in Tab. 6, for the usual HE-
LHC parameters, wherein one can appreciate rather signif-
icant signal excesses above the SM backgrounds for Type-
III seesaw while for Type-I seesaw the sensitivity is some-
what limited (but larger values of Yukawa couplings could
be probed and there could be room to improve the anal-
ysis or increase the amount of data). We also tested a
benchmark similar to BP1, but with the mass ordering
m(ẽ) < m(τ̃) < m(µ̃) with the smuon too heavy to be
produced. This gave just 0.6 events after the cuts, so we
can get a significant signal only arising from selectrons or
smuons and their sneutrinos.

In addition it is essential for our analysis that there is
a significant mass splitting between the sleptons and the
LSP. With a softer MET cut the tt background would be
problematic, while the cut on the transverse mass of the
lepton and MET would keep W±h under control.

In summary, though, it is clear that the HE-LHC is a
machine with clear potential to access high scale seesaw
models (like Type-III and Type-I embedded within the
MSSM) by exploiting the SM-like Higgs (eventually de-
caying to bb̄) plus a hard lepton and MET signature.

5 Conclusions

How neutrino mass generation occurs in Nature is one
of the outstanding questions in particle physics. Current

probes of neutrinos hardly include colliders, as herein such
particles appear as /ET , thereby offering no scope to iden-
tify their properties. However, in a supersymmetric world,
there exist sneutrinos, which share with neutrinos their in-
teractions. Therefore, given that sneutrinos can decay vis-
ibly at the LHC (i.e., inside the detectors), it makes sense,
in order to study neutrino properties in supersymmetry, to
study sneutrinos. One, however, needs a paradigm for su-
persymmetry to do so, i.e., a model realisation of it, which
we assumed here to be the MSSM, supplemented with two
kinds of seesaw mechanism for (s)neutrino mass genera-
tion, the so-called Type-I and Type-III. These mechanisms
have a similar structure to generate neutrino masses and
hence both lead to Higgs-sneutrino interactions, which are
non-diagonal in flavour space.

These two are examples of high scale seesaw mechanisms,
wherein the companion neutrinos (to the SM ones) can
have masses of order 1012−1014 GeV. However, left-handed
sneutrino and slepton masses are necessarily linked to the
typical supersymmetry breaking scale, which ought to be
10 TeV or so at the most (in order to preserve gauge cou-
pling unification, successful dynamical EWSB, etc.). In
the case of a high seesaw scale the neutrino Yukawa cou-
plings are among the largest ones in the model and, due to
the structure of the supersymmetric scalar potential, they
can lead to observable consequences at the supersymmetry
breaking scale. We found that the current LHC, for which√
s = 14 TeV (in turn recalling that

√
ŝ is only a fraction

of that), cannot test such seesaw scenarios. However, a
possible energy upgrade has been proposed for it: the so-
called HE-LHC. This offers

√
s = 27 TeV (and

∫
Ldt = 10

ab−1), therefore, it is in a position to test the aforemen-
tioned seesaw scenarios of neutrino mass generation.

In this paper, we have, in particular, tested the scope of a
particular signal stemming from these two seesaw mech-
anisms. In fact, the signature is common to both, i.e.,
charged current induced slepton-sneutrino production and
subsequent decay into the SM-like Higgs boson (in turn
decaying to bb̄ pairs), a single lepton (l = e, µ) and MET
(or /ET ). Upon assessing that the single lepton channel
(as opposed to multi-lepton ones also stemming in these
two scenarios) is the most sensitive one, for any number of
b-jets beyond 1, we have devised a simple cut-and-count
analysis, deployed identically for both Type-I and -III,
that has enabled us to reach evidence to discovery sig-
nificances at the HE-LHC for the Type-III case while for
the Type-I case a more refined selection and/or additional
data would be required. This was shown, in both cases,
for BPs currently compliant with standard theoretical re-
quirements as well as current experimental searches.

Parameterwise, the signature requires the gauginos to be
heavier than the sleptons, a sufficient mass splitting (≳
300 GeV) between the sleptons and the higgsino-like LSP
and a sufficient mass splitting between the slepton genera-
tions so that the decay with a Higgs boson is kinematically
allowed.



Yi Liu et al.: Exploring high scale seesaw models through a supersymmetric portal 7

Cut BP1 BP2 BP3 BP4 W±h tt̄ Total background
Initial 6150 3650 6220 3660 9250000 2170000 11420000

N(b) ≥ 2 1095 549 506 193 1585690 691090 2276780
N(ℓ) = 1 482 255 238 90.4 835311 224927 1060238

/ET > 500 GeV 136.5 105.1 60.3 37.3 423 126239 126662
M(b1b2) > 100 GeV 113.2 86.5 52.9 27.1 380 118569 118949
M(b1b2) < 150 GeV 46.7 43.8 28.0 13.9 236 10706 10942
pT (ℓ1) > 400 GeV 25.8 27.7 15.5 9.2 15.3 203 218

MT (ℓ1, /ET ) > 100 GeV 25.8 27.7 15.5 9.2 3.1 19.9 23.0

Table 5. The response of the signal BPs and backgrounds to the application of the full cutflow used in the MC analysis. The
luminosity is 10 ab−1 and the energy is

√
s = 27 TeV.

BP1 BP2 BP3 BP4
Significance 3.69σ 3.89σ 2.49σ 1.62σ

Table 6. Significance of the BPs for the HE-LHC parameters
of Tab. 5.

Even though this signal is common to the two seesaw mod-
els, the fact that in Type-I seesaw only sneutrinos have
decay modes containing Higgs bosons, while for Type-III
also charged sleptons have such decay channels allows us
to distinguish the models. This distinction might be more
difficult at a hadron collider but, if there was an electron-
positron collider with sufficient collision energy, the pair
production of charged sleptons above

√
s = 2mℓ̃ would

lead to an enhanced signal with Higgs bosons in case of
Type-III, while no such an enhancement would be present
in Type-I.

As an outlook of our work, we would like to highlight
that a Future Circular Collider in hadron-hadron mode
(FCC-hh) [29], running at

√
s values up to 100 TeV, will

not improve the scope of the HE-LHC since, herein, back-
ground rates increase more that the signal ones that we
pursued (although this may not be true for other channels
not considered here).

Altogether, we have shown that there exist cases where, in
supersymmetric theories, it is possible to probe the neu-
trino mass generation mechanism through sneutrino phy-
sics while the (seesaw) scale related to this mechanism is
extremely high, roughly, up to 1014 GeV.
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