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Outline of this talk

* Overview of the clockwork mechanism for fermions
* Analytical results: Spectrum and couplings

* Constraints on the model

* Generalized Clockwork

* Collider Signatures

 Conclusion
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Clockwork Theory G. Giudice, M. McCullough [1610.07962)

Possible to have hierarchically small neutrino masses from O(1) parameters.

Theory with N+1 right-chiral & N left-chiral fermions + nearest-‘neighbour’ interactions:
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Clockwork Theory

VT
Eigenvalues: mg =0,] m=m’\; =m? (1 +¢* — 2q cos N - 1)

1 N N1

One massless mode from remaining chiral symmetry: U(1); x U(1)p — U(1)
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Clockwork Theory

N +1

1 N N4+1

One massless mode from remaining chiral symmetry: U(1); x U(1)p — U(1)

1T
Eigenvalues: mg =0,] m7=m?\; =m? (1 + q* — 2q cos )

Eigenvectors: Oscillatory, except for exponentially decreasing zero mode:
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Clockwork Theory + SM

Exponentially small coupling of zero mode to
Nth site = Ny =

q_N

Yukawa coupling to SM Higgs at No

Nth site to generate small mass v q_N (mq)o
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= No known
analytical
solution to
diagonalization
problem



Large-N Expansion

pqg

yv

q

Expand characteristic equation in N V2m N

‘Zero’ mode/SM neutrino mass:
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Constraints on the model

1. Masses of the SM neutrinos
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Constraints on the model

i. Masses of the SM neutrinos:

e Sum of masses from CMB data, Z my, < 0.20 eV
i=1.2.3

e (scillation data
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Constraints on the model

1. Masses of the SM neutrinos

ii. Constraint from flavour violation: the u — ey process

Gowri Kurup Cornell University



Constraints on the model

1. Masses of the SM neutrinos

ii. Constraint from flavour violation: the p — ey process:

)
= Branching ratio constrained
3 to be < 4.2 x 10713
v Jee- - > e

Minimal i 3 N 4,4

3o v L M Y v
Flavour  BR(p — ey) = 3 Z Zpuapea Mka2 X I (M 2 ) R
Violation a=1k=1 .

(A. Ibarra, A. Khushwaha, S. Vempati |[1711.02070|)
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Constraints on the model

i. Masses of the SM neutrinos
ii. Constraint from flavour violation: the u — ey process

iii. Electroweak precision constraints
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Constraints on the model

i. Masses of the SM neutrinos
ii. Constraint from flavour violation: the u — ey process

iii. Electroweak precision constraints

e Strongest constraint from measurement of W boson mass.
* Change in muon decay width = Change in inferred value of Gy

= Limit on fractional change in SM neutrino gauge couplings:

)
°9 < 0.185% at 2-0 confidence level.

)
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Constraints on the model
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N =20

q € |2.32,4.67]

Red contours:
Mass of first excited state

Blue contours:
Coupling of W-boson to
first excited state



Generalized Clockwork Theory

N-1

@ need not be a constant: £ = Lp;,, — M Z (&szpRj —q(4) @ZijRjJrl + h.c.)
j=0
(Symmetry breaking occurs for any q = generically leads to exponentially small mass)

Generalized clockwork models can have more efficient decay of zero mode + localization

Gowri Kurup Cornell University

10



Generalized Clockwork Theory

Generalized clockwork models can have more efficient decay of zero mode + localization

N
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Constraints for generalized clockwork
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N =10

q(i) = qo < (N —1)
qo € [0.94, 3.78]

Red contours:
Mass of first excited state

Blue contours:

Coupling of W-boson to
first excited state
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Collider Signatures - /

Most relevant signatures at
colliders:

l.pp — 1177

2.pp — l+l_i+l/z'

q [

Higher mass of sterile neutrinos = high invariant mass and p for final products
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Unit- normalized events

Collider Signatures
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Universal Clockwork

- Smeared out bump, couplings to
excited states are roughly similar
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Summary

* The Clockwork framework otfers a way to get small neutrino
masses from O(1) parameters

* Approximate analytical solutions to the eigenvalue problem are

possible through large-N expansions

* Large sections of the parameter space satisty EW constraints that
may be probed at current and future colliders

 Can be generalized to have interesting phenomenology



