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INTRODUCTION

» Charge quantization has been observed and puzzled over for
many decades

* Dirac’'s monopole and GUTs quantize charge, but at a cost:
- Monopoles, proton decay, doublet-triplet splitting
* The role of supersymmetry?

» Can we quantize charge without any of this extra baggage’
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Yes, charge is quantized
in the CP' .. NoNlinear sigma model
without Grand Unification, monopoles,
proton decay...
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SIGMA MODELS

* A sisma model describes a spontaneously broken or nonlinearly
realized symmetry

» Consider a group G broken to a subgroup H

* Matter fields transform linearly under H, but nonlinearly
under G

- G/H is the target space, the fields are a map to this
manifold

* G is a global symmetry, and H will be gauged
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CP' PRELIMINARIES

* Definition: 2 complex coordinates with (z',Z2°) = Oz

* Affine coordinates: the ratio of the homogeneous
Eeelelnates, Z ,Z_

. As a manifold CP' is §2

* [ here are two coordinate patches

* The group structure 1s SU(2)/U(1)
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CHARGE QUANTIZATION

* Basic idea: consider a charged complex scalar matter fiela

* Iransforms linearly under U(1) and nonlinearly under
SU(2)

* Explicitly determine transformation properties and require
it be well-defined everywhere

* We have a Kahler manifold and holomorphic action

* Naturally protected with supersymmetry (but otherwise
we do not rely on 1t for our derivation)
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QUANTIZE ME

: Transformationls (wrth usual SU(2) generators):

i 2
or, = _;Z+82+ ) gy = CPY0, |
O — vc?z+ : 5T+ = F+(X72+)3x :

b1, = 2,40, 51 = F_(x,24)dy -

+
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QUANTIZE ME

: Transformationls (wrth usual SU(2) generators):

or, = _;Ziﬁz—l— ) Of, — NG
o — vc?z+ : 5T+ = F+(X72+)3x ,
or_ = F_ (X?Z-I-)ax ‘

- Consistency conditions from the SU(2) algebra give differential
equations for FL

67-0 S Z—|—aZ_|_ 9
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QUANTIZE ME

: Transformationls (wrth usual SU(2) generators):

b — _;Ziﬁz—l— ) Of, — NG
o — vc?z+ : 5T+ = F+(X72+)3x ,
0T, = Z—I-aZ+ : or. == (sz-l-)ax :

- Consistency conditions from the SU(2) algebra give differential
equations for FL

i = alie smooth transition to the other hemispRere, Z B sz

his yields a charge quantization condition: a € Z/2
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PHENOMENOLOGY

» At first approximation, the fractionally charged and exactly
stable Nambu-Goldstone boson (NGB) 1s massless

 Gauging the U(I) (to hypercharge) gives a mass

» With a low scale for supersymmetry, the Nambu-Goldstone
boson's mass is protected to ~ v Mg,

* The NGB can be light enough to avoid cosmological
constraints (and be some DM), but be collider accessible

 Another possibility: nothing to see In the low energy theory
(all scales> TeV)
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energy Costs
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NUCLEAR PHYSICS

* The properties of the NGB make it particularly useful in
nuclear physics

- Catalyzing nuclear fusion:

* The NGB can form bound states (e.g. with deuterons) and
lower the potential barrier

» Stability ensures it can be reused, recouping production
energy Costs

* [he stability, mass, and charge make the NGB a probe of
nuclear structure
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GENERALIZATIONS

» We can extend this to CP* by putting In mass terms and
flowing down to the CP' model

» Charge I1s quantized In integer multiples of some fraction of
the NGB charge

* Phenomenologically the NGBs can have quantum numbers
ike the Higgs, a squark; ...

» [ his and other models which are also possible will be
explored in a followup paper
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SUMMARY

» Charge guantization Is an old problem, “solved” in the modern
Eelicxirol GU s

* We avoid the GUT paradigm and quantize charge in nonlinear
sigma models

» CP' as the SM hypercharge group has charge quantization and
no stomach aches

* Interesting phenomenology: DM, catalyze nuclear fusion,
NIEEaEBobe (or see nothing )

» Can extend to CPX and other models
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