FELECTRIC CHARGE BREAKING

in Neutrino Physics

Charge Breaking Framework

Why break electric charge?

To provide further quantification of how well we know the standard model
(SM) gauge group.

In addition to further testing the SM, this also gives constraints on new
physics.

There is no inherent reason against charged vevs. In fact, the SM vacuum is
already charged under a U(1) gauge group (i.e., hypercharge).

While there are many experimental results constraining the breaking of U(1)q
(e.g. M, < 107" eV), the theoretical side has not been studied in similar
detail.

Mechanism [1]:

We add a general set of new charged scalars ¢; to the
SM and let them obtain vevs via spontaneous symmetry
breaking. In this poster, we only focus on representations
such that they can interact with fermions (of which we
only consider the first generation for simplicity). In or-
der not to be excluded by measurement, this forces the
assumption of very small vevs O(107 ¥ eV).

Electron-Neutrino-Photon Interactions

e Since the leptons can mix in the broken phase, we need to rotate them into the new
mass basis with the small angles ¢, 0,, and 0..

e Because the weak mixing angle has contributions from the new vevs, the U(1)y and
SU(2)1, parts of the SM electric charge (¢; = ¢’ cos @ and e, = gsin 6, respectively) are
in general not equal any more.

e The change of basis also transtorms the matrix that describes the interaction between
fermions and photons:

/e %(61 + 62) %(361 + 62) 0. ey Qy—l_\/gx \ N
ey 0,—0.

— — | 5(3e1 +e) 0. —e - 93’\/5 Alet

L

Qy—i_egj 361—62 ey_efzz 1
A 277 T ol @)
#
Standard Model

New Basis

Some consequences:

There are now interactions between electrons, neutrinos, and photons!

There are also neutrino-neutrino-photon interactions, i.e., the neutrino interacts
weakly with electric- and magnetic-fields.

The same reasoning applies also to the other electroweak gauge bosons; all lepton-
lepton-gauge boson interactions are possible.

Neutrino Magnetic Moment

Because ¢’ cos @ and ¢ sin @ are no longer exactly equal, the tree-level coupling of the
neutrino to the photon no longer vanishes.
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This effect occurs regardless of the Majorana- or Dirac-nature of the neutrino.

Even though electric charge is not a good quantum number anymore, we can define an
effective charge for the neutrino g.s = (¢’ cosf — gsinf).

This coupling leads to a small tree-level contribution to the magnetic moment of

the neutrino.
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Naively, we expect the effective charge to be on the order of the symmetry breaking
scale, 1.e., |u| ~ O(107) ug.

e Contribution to gauge boson masses
Mg = v? (g'y; cos 0

Mz = v (g'y;sin @ — g my; cos 0)
For new vevs v; with hypercharge y; and SU(2);- = They form new mass- and interaction-

eigenvalue m;. The weak mixing angle 6 will also  eigenstates, which are the electrons and neutrinos
be slightly different from the SM.
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Direct Consequences:

e SM electrons and neutrinos can mix as they have

N2 . .
g m;sin 0) the same charges in the broken phase (i.e., they are

both uncharged under SU(3)¢ ).

WE Ineasure.

Electron Decay

When electric charge does not need to be preserved,
there are lighter particles for the electron to decay to:
the photon and the neutrino (and anti-neutrino, as the
lepton number can be broken).

The massive photon has an additional third polar-
ization. This means that observables dependent on the
photon coupling need not necessarily go smoothly to the

SM limit for M, — 0.
We can compute the electron lifetime:
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My, is proportional to the vev of the scalar with representation (1,1)_; and Mgy, to
the vev of (1,2)_, .

Since we know from measurements that M, < 107®eV and 7(e™) > 6.6 - 10®°yr, this
would mean MEL -+ ME{L < 6.7-107%2eV?

= Having these representations with non-zero vevs at present time would require ex-
treme fine-tuning.

Photon Decay
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The lightest neutrino could still be lighter than the photon.

The lifetime of the photon is then
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m,, is proportional to the vev of a SM singlet (1,1),. However, even if the neutrino
receives mass with another mechanism (or remains massless), this lifetime stays finite
as long as any charged scalar has a non-zero vev.
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Because any charge-breaking vev must be very small, we would naturally expect the
phase transition to occur relatively late. The photon mass limits then imply a very high
degree of time dilation. Therefore, even if the lifetime were very short, there would be
little hope in measuring it.
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