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Breaking the electric charge?

Why?

How?

Consequences?
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Breaking the electric charge?

Why?
» To quantify how well we know the SM gauge group

» Theoretically allowed, but very little literature available
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Breaking the electric charge?

Why?

» To quantify how well we know the SM gauge group

» Theoretically allowed, but very little literature available
How?

» Add a charged scalar ¢ to your model

» Have it obtain a (very small) vev ¢ — v
Consequences?
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Breaking the electric charge?

Why?

» To quantify how well we know the SM gauge group

» Theoretically allowed, but very little literature available
How?

» Add a charged scalar ¢ to your model

» Have it obtain a (very small) vev ¢ — v
Consequences?

» Photon mass, W- and Z-boson mass corrections

» Corrections to the weak mixing angle 6

» Electrons and Neutrinos can mix with each other and form new mass
eigenstates with new interactions
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New Interactions

P Leptons need to be brought into mass-basis using small mixing angles
Oy, 0y, 0,
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New Interactions

P Leptons need to be brought into mass-basis using small mixing angles
Oy, 0y, 0,

» The interaction terms will be affected by this:
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Standard Model New Basis

e;1 = g’ cos and e, = gsin 6 are the U(1)y and SU(2). parts of the
electric charge, respectively
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New Interactions

P Leptons need to be brought into mass-basis using small mixing angles
Oy, 0y, 0,

» The interaction terms will be affected by this:
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Standard Model New Basis

e;1 = g’ cos and e, = gsin 6 are the U(1)y and SU(2). parts of the
electric charge, respectively

» All lepton-lepton-EW gauge boson interactions are possible on
tree-level (with certain scalar representations)
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Magnetic Moment

Because there is an explicit
neutrino-neutrino-photon coupling,
the neutrino has a tree-level
magnetic moment.

Manuel Salewski (MPIK) Electric Charge Breaking in Neutrino Physics

NuPhys2023

4/6



Magnetic Moment

Because there is an explicit
neutrino-neutrino-photon coupling,
the neutrino has a tree-level
magnetic moment.

> We can define an effective
charge for the neutrino

Qeff = %(61 — &)
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Magnetic Moment

Because there is an explicit

neutrino-neutrino-photon coupling,

the neutrino has a tree-level

magnetic moment. v

> We can define an effective
charge for the neutrino
Qeff = %(61 — &)

P> The tree-level magnetic

moment is then v v
il = 2
= B
e
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Photon Decay

The same diagram can also lead to
photon decay. This only works if
the lightest neutrino is lighter than
the photon.
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Photon Decay

The same diagram can also lead to
photon decay. This only works if
the lightest neutrino is lighter than
the photon.

» The lifetime is then

% M2
~ 2
ey M5 — m

Ty

» m, is proportional to the vev
of (1,1)p, but the formula still
holds if it vanishes
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Electron Decay

The massive photon has an additional
third polarization and observables
dependent on the photon coupling need

not necessarily go smoothly to the SM
limit for M, — 0.

Manuel Salewski (MPIK) Electric Charge Breaking in Neutrino Physics

NuPhys2023

6/6



Electron Decay

The massive photon has an additional
third polarization and observables
dependent on the photon coupling need

Y

not necessarily go smoothly to the SM

limit for M, — 0.
» The electron now has a lifetime
-
M2

Te =~ 1.4 ]_0_185 27’72

ML + Mg,
My and MRg_ are prop. to the vevs of v

the scalars that couple to e and v
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Electron Decay

The massive photon has an additional
third polarization and observables
dependent on the photon coupling need
not necessarily go smoothly to the SM
limit for M, — 0.

» The electron now has a lifetime

) e
M
Te~ 1410718 —— 1
Mg + Mg,
My and MRg_ are prop. to the vevs of
the scalars that couple to e and v
> This goes to zero for a small photon
mass!
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