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Why?

The Standard Model does not forbid it!

Many experimental
measurements, but
theory landscape not
explored to the same

degree

We want to quantify
how well we know the
Standard Model gauge

group
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How?

Add a charged scalar
to the Standard

Model

(1, 2)1/2

(1, 3)1

(3, 3)−1/3

(1, 1)2

(1, 1)1

(3,
2)1/

6

→ Have it develop a
(small) vev
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Consequences?

The photon
becomes
massive

Boson- &
Fermion-

masses and
charges get
corrections

Fermions
with different
charges can

mix

. . .
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Thank you for
listening!

Poster Number

11
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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 limits and constraints on new
physics.

• There is no inherent reason against charged vacuum expectation values (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.Mγ <
10−18 eV), the theoretical side has not been studied in similar detail.

SU(3)×SU(2)×U(1)

SM

extended scalar sector

with charged vevs

SU(3)×?

Colour group and
residual symmetry

Mechanism [1]:

We add a general set of new charged scalars ϕi to the SM and
let them obtain vevs via spontaneous symmetry breaking. In
principle, these vevs may lie in components of arbitrary charge.
We make a distinction between charge eigenvalues that allow for
renomalisable interactions and minicharges.

Direct Consequences:
• Contribution to gauge boson masses

M 2
γ =

∑
i v

2
i (g

′yi cos θ + g m̂i sin θ)
2

M 2
Z =

∑
i v

2
i (g

′yi sin θ − g m̂i cos θ)
2

For new vevs vi with hypercharge yi and SU(2)L-eigenvalue
m̂i. The weak mixing angle θ will also be slightly different
from the SM.

• SM electrons and neutrinos can mix as they have the same
charges in the broken phase (i.e., they are both uncharged
under SU(3)C ).
⇒ They form new mass- and interaction-eigenstates,
which are the electrons and neutrinos we measure.

New Renormalisable Interactions

• We give a scalar with a given representation that allows for coupling to fermions, e.g. (1, 1)1, a vev.
The fermions that couple to it can then change their ”species” in the broken phase by interaction
with the vacuum.

• Since the leptons can therefore mix in the broken phase, we need to rotate them into the new
mass basis with the small angles θx, θy, and θz.

⇒

• Because the weak mixing angle has contributions from the new vevs, the U(1)Y and SU(2)L parts
of the SM electric charge (e1 = g′ cos θ and e2 = g sin θ, respectively) are in general not equal any
more.

• The change of basis also transforms the matrix that describes the interaction between fermions and
photons. To first order we get:

(
e−L e+L ν L

)
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• Different kinds of vertices can arise:

→ Corrections to SM vertices, not dependent on θx, θy, and θz.

→ New lepton-number conserving vertices, dependent on (θx + θy).

→ New lepton-number violating vertices, dependent on (θx - θy) or θz.

• So far we have considered only the first generations of leptons. The representations of scalars
interesting for this are:

(1, 1)1 , (1, 1)2 , (1, 2)1/2 , (1, 3)1 .

Some consequences:

• There are now interactions between e.g. electrons, neutrinos, and photons!

• There are also neutrino-neutrino-photon interactions, i.e., the neutrino interacts weakly with electric-
and magnetic-fields, i.e. the neutrino obtains a tree-level magnetic moment

µν ≈ −q′ν
e

me

Mν
µB

where q′ν and Mν are the charge and mass of the neutrino in the broken phase, respectively, and
µB the Bohr Magneton.

• If the photon becomes massive enough, it may decay into two neutrinos.

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

Minicharges

• A scalar ϕi may, per se, have any charge as U(1) eigenvalues are continuous. We may consider
w.l.o.g. some small charges q ≤ e as opposed to restricting ourselves to quantised values that give
fermion interactions (although the following also holds in these cases).

• We define electric charge as the eigenvalue under the generator of the photon to obtain a new Gell-
Mann-Nishijima type formula:

Q̂′ =
e1
e
Ŷ +

e2
e
T̂ 3

≈ e
[
Q̂ + κQ(sin

2 θW Ŷ − cos2 θW T̂ 3)
]

where the approximation holds for small charges.

• We have defined the dimensionless parameter κQ that can be used to characterise a model:

κQ ≡ 4
∑

i

v2i
v2Higgs

(Q̂⟨ϕi⟩)(T̂ 3⟨ϕi⟩) ≤ 1.5 · 10−21

≥ −3.2 · 10−21

The limits have been derived from neutron charge measurements.

• With this definition, we have small charge corrections for the SM particles:

Particle name SM charge q [e] Charge q′ under Q̂′

Electron e− −1 −1
4(3e1 + e2)

Neutrino ν 0 −1
2(e1 − e2)

u-Quark u +2
3

1
12(5e1 + 3e2)

d-Quark d −1
3 − 1

12(e1 + 3e2)
W±-Boson W± ±1 ±e2

Electron Decay

• When electric charge does not need to be conserved, 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 polarization. This
means that observables dependent on the photon coupling need
not necessarily go smoothly to the SM limit for Mγ → 0.

∝ 1
M 2

γ

• We can compute the electron lifetime:

τ ≈ 32π

mee2
M 2

γ

M 2
LL +M 2

RL

≈ 1.4 · 10−18 s
M 2

γ

M 2
LL +M 2

RL

• MLL is proportional to the vev of the scalar with representation (1, 1)−1 and MRL to the vev of
(1, 2)−1/2.

• Since we know from measurements that Mγ ≤ 10−18 eV and τ (e−) ≥ 6.6 · 1028 yr, this would mean
M 2

LL +M 2
RL ≤ 6.7 · 10−92 eV2.

⇒ Having these representations with non-zero vevs at present time would require extreme fine-
tuning.
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