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Proposal from Alain and Kobayashi-san
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Indeed emerging picture in HEP more and  more 
supporting WG5-like studies (as Alain pointed out 
also in his plenary talk this morning)

…a few slides stolen from I.Shipsey’s (thanks!) 
summary talk at ICHEP (I was not there…) follow 
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However…
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Some hopes…
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not realized…
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So what?
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No NP anywhere! Also, naturalness is 
now severely challenged. 

Of course we should continue all 
searches at LHC (and beyond), flavour, 
direct dark matter etc. with vigour!

Still the peculiar Higgs mass suggest 
that, even in absence of NP, the 
Universe is metastable.

SM could well be valid up to Planck scale 
(and we could maybe forget about fine 
tuning problems)

JHEP 1312 (2013) 089



But…

… we have at least  to explain some experimental facts: 

neutrino  oscillations

baryogenesis

dark matter (+inflation, dark energy…)
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consequences of neutrino 
oscillations

Where does the 𝛎 mass come from?

One remarkable possibility: see-saw mechanism 
(type I) with one/two/three massive and sterile 
Majorana-type neutrinos
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The neutrinos can come in rescue!

An example:

3 Majorana (HNL) partners of 
ordinary 𝛎, with MN<MW

In a peculiar parameter space 
𝜈MSM explains: 

neutrino masses (see-saw), 
baryogenesis (via lepto-genesis) 
and DM (N1)!
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long-awaited Higgs boson of the Standard Model (SM) [3]. This discovery implies that the Landau
pole in the Higgs self-interaction is well above the quantum gravity scale MPl ' 1019 GeV (see, e.g.
Ref. [4]). Moreover, within the SM, the vacuum is stable, or metastable with a lifetime exceeding that
of the Universe by many orders of magnitude [5]. Without the addition of any further new particles,
the SM is therefore an entirely self-consistent, weakly-coupled, e↵ective field theory all the way up to
the Planck scale (see Refs. [5, 6] for a recent discussion).

Nevertheless, it is clear that the SM is incomplete. Besides a number of fine-tuning problems (such as
the hierarchy and strong CP problems), the SM is in conflict with the observations of non-zero neutrino
masses, the excess of matter over antimatter in the Universe, and the presence of non-baryonic dark
matter.

The most economical theory that can account simultaneously for neutrino masses and oscillations,
baryogenesis, and dark matter, is the neutrino minimal Standard Model (⌫MSM) [7,8]. It predicts the
existence of three Heavy Neutral Leptons (HNL) and provides a guideline for the required experimental
sensitivity [9]. The search for these HNLs is the focus of the present proposal.

In addition to HNLs, the experiment will be sensitive to many other types of physics models that
produce weakly interacting exotic particles with a subsequent decay inside the detector volume, see
e.g. Refs. [10, 11, 12, 13, 14, 15]. Longer lifetimes and smaller couplings would be accessible compared
to analogous searches performed previously by the CHARM experiment [16].

In the remainder of this document the theoretical motivation for HNL searches is presented in
Section 2 and the limits from previous experimental searches are then detailed in Section 3. The
proposed experimental set-up is presented in Section 4 and in Section 5 the background sources are
discussed, before the expected sensitivity is calculated in Section 6. The conclusions are presented in
Section 7.

2 Theoretical motivation

In type-I seesaw models (for a review see Ref. [17]) the extension of the SM fermion sector by three
right-handed (Majorana) leptons, NI , where I = (1, 2, 3), makes the leptonic sector similar to the
quark sector (see Fig. 1). Irrespective of their masses, these neutral leptons can explain the flavour
oscillations of the active neutrinos. Four di↵erent domains of HNL mass, MN , are usually considered:
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Figure 1: Particle content of the SM and its minimal extension in the neutrino sector. In the (left) SM the
right-handed partners of neutrinos are absent. In the (right) ⌫MSM all fermions have both left- and right-handed
components and masses below the Fermi scale.
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νMSM: T.Asaka, M.Shaposhnikov PL B620 (2005) 17 
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Questions and issues addressed by the WG5 this year
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Status of PMNS matrix, unitarity and hints of a 4th neutrino. Can we test 
the unitarity of the PMNS matrix at neutrino oscillation experiments?

Steriles at eV: the new ICECUBE and MINOS results. how  global fits 
include this?what models are still viable?

many coming experiments and planned!!!! what is their peculiarity? is 
there a rationale behind all of them?
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Sanjib Kumar Agarwalla (Bhubaneswar University, India)



 What is the relation between CPV in sterile 
neutrino decays, CP of PMNS matrix and 
leptogenesis?
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discussion lead by M.Drewes and J.Salvado



Link between steriles and LFV
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Link between steriles and 0𝛎2β relation with 
leptogenesis 
0𝛎2β: detection? how? when will  we be able to know if   
Dirac and Majorana?  complementarity of different 
planned experiments
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Steriles at MeV and above: 

how can we improve existing limits with running or upcoming experiments? 
how the new proposed projects (e.g. SHiP and FCC) fit into this picture?
Could we cover one day all the “interesting” parameter space, at least within 
some minimal models?
what technologies we have to push in order to do that? 
What about  less constrained models?
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Takahashi Nakadaira



NSI in neutrino experiments: 
are there any viable models that can give large NSI without entering in conflict with bounds 
from charged leptons? 

what is the best way to probe new interactions in production, detection and propagation of 
neutrinos? 

are neutrino oscillation experiments enough, or are there better experiments to do this?
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Flavour models: 

can we test flavour models by measuring the value of the CP 
phase? can we definitely rule out certain types of flavour models? 
which ones? 

are there other ways to do this? what signatures should we be 
looking for?
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Dark matter/astro neutrinos: 

are sterile neutrinos a viable dark matter candidate? under which conditions? 
how could they be produced in the early universe? are we sensitive to a 
possible dark matter decay through astrophysical neutrino signals? 

what other models of New Physics can give interesting signatures at Icecube? 
what type of signatures should we be looking for? are there any models of New 
Physics that can give a sizable deviation for the flavor ratios with respect to the 
SM prediction?
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All summarised by the plenaries!

Dark sector particles and dark Matter detection in neutrino experiments 
(accelerators and astrophysical probes)

do we need dedicated experiments or we can derive constraints from neutrino 
experiments only?
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