On Perturbative Completions to the Neutrino Option:
No-Go Constraints
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The Neutrino Option: Type-| seesaw

= The Type-| seesaw model (Minkowski 77, et al.) is perhaps the most popular
mechanism for generating light neutrino masses:

Ly = = (NyidN, — NyM,,.N,.) — [Nywps H'lg +h.c] N, =e%/?Np, + e %/?(Ng,)°

N

» Upon integrating out heavy sterile neutrinos N, one induces a contribution to the
(Weinberg '79) operator of the dim-5 SM-EFT:
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= Upon EWSB, this then describes light, LH Majorana neutrinos in accord with data:
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The Neutrino Option: basic idea

= But integrating out heavy N does more than just induce light neutrinos...
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= This is either (A) a direct manifestation of the EW hierarchy problem (Vissani 1998),

= or (B) a route to a minimal solution of the EW hierarchy problem (Brivio, Trott 2017)!
This scenario is the so-called Neutrino Option.
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The Neutrino Option: phenomenology
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What about the Majorana scale?!
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= The Neutrino Option is consistent with a number of the outstanding issues of BSM
physics!

= BUT, an explanation for the required PeV scale Majorana neutrinos is needed...

What are the minimal options for UV-completing the

Neutrino Option?
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UV completions: the minimal requirements

In general, a successful UV completion to the Neutrino Option wiill

1. generate at least two non-zero sterile neutrino masses.

2. not introduce additional large threshold corrections to the Higgs
mass, from beyond the Majorana mass sector.

3. not generate unsuppressed EFT terms proportional to (NN)(H'H).
4. not spoil the RGE of Higgs and neutrino parameters via new states.

5. not introduce fine-tuning of parameter space.




Generic symmetric perturbations
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» Consider a minimal scenario where a single UV Majorana scale is given by GUT or
Plankian dynamics. E.G. :
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= Consider generic perturbations about symmetric matrix elements:
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= Both diagonal and off-diagonal perturbations can generate additional non-zero
eigenvalues:
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» GOAL: identity physical mechanism for generating perturbations to M(UV).

= BUT: we must simultaneously DE-couple Myy from Higgs threshold corrections...



Global symmetries of the Type-l seesaw

= Before looking into these, let's return to the Type-| seesaw Lagrangian:
1, § § )
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= This exhibits a number of global (continuous & discrete) symmetries, depending on

the number of sterile N generations (n):

Kinetic Terms Mass Term Yukawa Terms
U(1)n.3 x SU3)x Ul)n2 x SUQ2)N X Zs (n=1)
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= Augment the (a priori) accidental Z, symmetry to a UV fixed-point natural symmetry
of the UV Lagrangian:
NwH'I = NTTwHT

N, — T, N,, with 7T, =diag(1,1,—-1)
= TTo=w = w3g =0

= Finally, recall that non-zero M eigenvalues correspondto AL =2 violation. o
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One-loop perturbative corrections 0305273
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= The relevant one-loop diagram to consider in the Type-| seesaw is given by:
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» Unfortunately, neither threshold corrections nor RGE can induce non-zero masses
from initially massless N at one-loop, in minimal setup:
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= Option (1): consider n = 2 UV mass scales. Then corrections go as wwl
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= Allowing for soft Z, breaking, the RGE at one-loop reads:
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Extreme fine-tuning required! X 10
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Multi-loop corrections? 2010 15428

= Option (2): consider two/multi-loop perturbative generation with n=1:
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» Even if we allow for soft Z, breaking, the desired mass scales are too low for the PeV
scales required. ¥

= Such scales may be interesting, however, for light sterile neutrino phenomenology...

= Multi-loop corrections with new states may also be interesting...
11



New BSM states? 201015428

= Allow a generic new boson (vector or scalar) in a minimal extension to the seesaw.
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= For states with non-trivial SM gauge #s, things are no less complicated. MSSM 77 11403.64993]
yields no new L violation and leptoquarks, e.g., only induce N masses at two-loops!
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» Others (Brdar et al.) have considered adding new states, in realizing a HZ?S']%?SZ‘}
conformal NO. Strong dynamics, dark matter, and gravity waves explored. {5882284218%%

Achieving simple perturbations to M(UV) is not so easy, while realizing the

Neutrino Option!
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Non-perturbative speculations 07041079
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= What if the Majorana scale is not generated perturbatively, or through a new scalar
VEV? What if it is instead non-perturbative?

Ms: fundamental (UV) scale
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U: suppression factor associated to

non-perturbative dynamics

= Such a scenario exists in certain stringy orientifold compactifications:
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= However, this scenario is not yet predictive, nor am | aware of a fully consistent

string theory that can generate the N mass term without additional excitations that
destabilize the Higgs mass...? 77

= Other scenarios might exist, e.g. through gravitational condensation (see e.g.

Barenboim et al.) 777 13



Summary and outlook

= The Neutrino Option represents an elegant and minimal approach to solving the EW
hierarchy problem alongside the neutrino mass (and potentially more) problem(s)!

» However, minimal perturbative explanations for the origin of the Majorana mass
scale required for Neutrino Option phenomenology seem limited due to global
(discrete) symmetries (Lepton Number x Z, Mass).

» Other, less-minimal frameworks which introduce new states may be viable, e.g. the
Conformal Neutrino Option of Brdar et al..

= Non-perturbative mechanisms explaining the origin of the Majorana scale may
exist! Further formal analysis is required here.

= Neutrino-Option-inspired phenomenology of sterile neutrinos possible — cf.
ongoing work with Michael Trott (not discussed in this talk)...

THANK YOU!
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