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Heavy Neutral Leptons

the wild card of BSM phenomenologists

Neutrino masses

Type-l seesaw, low-scale variants,
and more exotic.

Dark matter

Warm DM or portal to dark sector.
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matter particles

Singlet fermions will,
in general, mix with SM neutrinos

LHN

Majorana or Dirac mass scale of N are,
INn principle, arbitrary.
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No conclusive evidence for minimal sterile v so far.”

Have we missed anything?

* SBL anomalies may be pointing
fo something interesting, but very unlikely
3 to look anything like usual 3+1 models.



No conclusive evidence for minimal sterile v so far.

Have we missed anything?

Minimality is a great principle,
but what if the complexity (# contrivance/fine-tuning)

of new physics is hiding right under our noses”



Beyond Minimality

HNLs as a bridge to exotic sectors

Opportunities and signatures of non-minimal Heavy

Approach |
Neutral Leptons

Multiple mass scales and new symmetries in the
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Neutral leptons as part of/portal to some exotic
sector in nature

new gauge symmetries,
scalar sectors,

effective operators,
dark sectors,

Exotic

Standard
Model

Cross listed frontiers NF1-6, 9, 10, TF8 &10, RF 4 & 6, EF9.
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https://www.snowmass21.org/docs/files/summaries/NF/SNOWMASS21-NF2_NF3-EF9_EF0-RF4_RF6-CF1_CF0-TF8_TF11_Matheus_Hostert-041.pdf

Building a Dark Neutrino Sector

A. Abaqullahi, MH, S. Pascoli, 2007.11813

Building a simple dynamical dark sector:

SU@2), U)y Uy
N 1 0 0
o, |1 0 0
VDg 1 0 0
® 1 0 0

New vector-like fermions charged under a dark U(1)’
symmetry, broken at the GeV scale by (D).

A “dark” variation of the extended seesaw Neutrino masses at lree-level a-la 1SS
w/ substantial radiative corrections
from dark mediators:
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AN M. Hostert For a similar point with B-L gauge see also B. Batell et al, JHEP 1608 (2016) 052. 6



Explaining the MiniIBooNE Excess

E. Bertuzzo et al, PRL121.241801, P Ballett et al, PRD 99.071701, + others

Direct Predictions

Neutrinos up-scatter into HNLs, which
rapidly decay into e+e-.

Pseudo single photons at V detectors:
myg =74 MeV, ms =146 MeV, mg =220 MeV vy
150
? coh N5 — N4 (178 events) i &, - €
125 incoh N5 = Ns (334events) | | ========== m»
coh Ng — N4 (26.90 events) A e
5 100 1 incoh Ng — N4 (53.14 events) .
'é’_ 4 C. Arguelles, MH, Y. Tsai, PRL123.261801
s 1 7| A. Abdullahi, MH, S. Pascoli,
- . B. 2007.11813
& ouU A .
& H‘+ | With better PID of LAr detectors, search
21 + """ ‘—+:}: for trident-like (e+e-) events.
_+_ -t
T T T Y T T I) .
0.2 0.4 0.6 0.8 1.0 L 2 -f?.f?_lﬂting
E..,/GeV . N N
gap
N’ Z'
1% _
K e
“n " \/\/Z\j< Ar
/
Vy g l,lBOO
_|_
€

AR M. Hostert /



Dark Neutrino Predictions

Semi-visible mediators and fast HNL decays

Rare leptonic kaon decays

At NA62, would
expect ~3k events

Z < lp with existing data.
lp

Inv. mass bumps in

U,l? <0101
M and TN 1om ( )

“Double bang” events*

174

1000s of events/year at IceCube
P. Coloma et al, PRL119.201804

*Several double NC events observed at CCFR, not
explained to this date, are compatible with our model.

Semi-visible dark photon

BaBar

e i ) - - .
x"’/, ‘4 \}r -
€+ Z/ Y |
<z

Invisible dark photon bounds relaxed.

Explanation of the muon (g-2) anomaly
via a dark photon now viable?

Predicts a huge rate of s-channel ete” > NN
production @ BaBar and Belle-ll (O(10*) events).
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An opportunity to increase our experimental reach to

models with more complex dynamics but still conceptually minimal.

Light scalars

Majorons

Z decays v

Gauge

Dark matter extensions

FIMPs secluded (multi-portals)
“Portalinos”

Li - Lj

Effective
Cosmology operators

Dipole
Neutrino decay transitions

2Nl2
secret H*N ... and others.

interactions (H-> N N)

A diverse and vibrant community spanning a wide range of energy scales and expertise.



“LOTS OF THINGS ARE INVISIBLE, BUT WE DONT
KNOW HOW MANY BECAUSE WE CANT SEE THEM.

from G. Raffelt, 9712538



