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Abstract: About 20-30 years ago, scientific community was interested in knowing whether dark matter can carry gauge charges. The answer was
found to be no. Today, we can ask a similar question: Can dark energy carry gauge charges? The answer this time seems to be yes. We study the
possibility that the current accelerated expansion of the universe is driven by the vacuum energy density of a colored scalar field which is
responsible for a phase transition in which the gauge SU(3)_c symmetry breaks. If we are stuck in a SU(3)_c - preserving false vacuum, then
SU(3)_c symmetry breaking can be accommodated without violating any experimental QCD bounds or bounds from cosmological observations. As
a bonus, the model can likely be tested at the LHC. A possible consequence of the model is the existence of fractionally charged massive hadrons.
The model can be embedded in supersymmetric theories where massive colored scalar fields appear naturally.
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* Puzzles raised by the recent

observational data:

« Dark Matter Problem
- Dark Energy Problem

Concentrate on the Dark Energy Problem
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Outline.

* Introduction
* Question:

Can Dark Energy carry gauge
charges?

| - Dark matter can NOT carry

gauge charges!

| * Dark Energy can!

*Propesal: acceleration is driven by
the phase transition is which SUQ3),
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The dark matter puzzle
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<> Something else with the
constant energy density Q,

<+ Minimal solution: vacuum energy density

<+ This energy drives an accelerated expansion
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“For every complex natural
phenomenon thereis a
simple, - - /). compelling,
wrong explanation.”
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Guess #1: Gravitational vacuum energy density

- Problems:

1. Quantum gravity effects not fully understood
2. Huge discrepancy between the prediction and observation

9 4
Apred — (101 G@V) Apred . 10124
A, =(10"eV)’ A gy
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Guess #2: Scalar field vacuum energy density
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Guess #5: Brane World Models

irsa: 08060145 Page 20/102



D.S., G. Starkman, R. Matsuo, PRD (2008)

A mechanism that can explain cosmological acceleration
- And yet can be tested in future collider experiments

» Does not require symmetries and fields
decoupled from the rest of the Universe
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In its history, our Universe already had a period of acceleration:

[ Primordial Inflation ! ]

* Imagine vou were living ~ 1 Hubble time after
the onset of primordial inflation, at t ~ 103° sec

~

* If you were very smart to figure out that I, ~ 10'° GeV

* You would conclude that there is a phase transition going on
right now that is driving accelerated expansion of the Universe

‘ It is likely that something similar is happening NOW'! ]




* Interesting question: what symmetry is being broken right now

* Obviously, one can always invent a new symmetry
decupled from the rest of the Universe

» Instead, the most interesting possibility is that one of the only
two remaining gauge symmetries | SU(3)c or U(1)em | is breaking

Artistic view of a universe filled by
a turbulent sea of dark energy

Dark energy has a color!
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V(o) in which SU(3), is breaking
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- Suffers form all shortcomings of
quintessence models
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T>T
* Much more convenient

T>Tec

T<Te

U/
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Tuned vs Not-Tuned

e V(4)

;6V'

The shape of this The shape of this potential is NOT tuned.
potential is tuned It is just shifted up by an overall value V,
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MODEL for SU(3)c breaking

V(¢)
2
V{g)="- (Trt;v )+1—(Tr¢' )y +—2(Tr99 )
- Massive colored scalar field ¢
b sV ¢ » Adjoint representation of SU(3).

* In a diagonal traceless representation
V, is an overall shift of the potentiz
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V,: vacuum energy density

Vo : . @ 1

_sV

| Cosmological constant

Ealse Vactiim True Vacuum Input from observations

unbroken symmetry broken symmetry

IT{} ~ (10 E 24 o _)_L

Mass of the colored scalar field: -

Difference in energy between the vacua: ol =~ exTel
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Transition Rate: [ = Be °E
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1. Accelerated expansion
L4 2 Equation of state w=-1
3. We still exist
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We live in the False Vacuum
with unbroken symmetry!

- Massless gluons
Scalar field has zero VEV @ » Quarks confined

* Protons do exist

Mass of the colored
scalar field ~ TeV: —) Low energy QCD

phenomenclogy unchanged!



Model can be tested in colliders

< | Very interesting near future
Massive colored scalar field = [ L e phenomenolagy]

New massive color singlet states:

1. Bound states of ®’s (099)
2. Bound states of ®@’s with quarks ™ Fractionally charged hadrons

Adjoint representation is 8-dim in SU(3) classification scheme

8x8 (#p) and 8 3.3 (fdgg) contain singlets (color free states)

3,6,10,15,21 support color singlets which are fractionally charged, i.e.
sa: 08060145 FRACTIONALLYCHARGED HADRONS (FCH)! Page 941102
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.

» lifetime depends on the couplings and specific
representation of SU(3),

*  can decay into gluons and quarks

- Fast decay == main signature will be gluon and
quark jets in excess of SM prediction

* To produce FCH, lifetime of ¢ should be longer than
the characteristic hadronization time ~ (100MeV)""

+ e.g. if ¢ is protected by some symmetry

Production of fractionally charged hadrons

Is a very interesting prediction of this model!
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The potential barrier between the vacua is only ~ TeV

l V(9)
9

\ g {,4 ~ TeV *

vmal max 6 _1-

Production of a critical bubble (able to expand) is suppressed
(otherwise we could destroy the Universe!) £
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/achaspati, FRD, 04: How to reconstruct field theory by studying field excitations
if “kink” solutions are present

V(%)
If we excite the field locally Zfﬂ [ciif::tt;tt':atliiegizl tsnha pe

we can learn only about the 4 )
Y excite the solution that

local structure of the potential
extrapolates between the vacua

Vo




Reconstructing the field theory by studying kink excitations

Theory given by: — = L( C ff; )2 — T r/‘) r
i : | d 2 = :
Equation of motion: = - F1 (0, () |w, = o,
(X
. ®, — kink solution
Zero mode (w = 0): — o, = do,
| dx
+ [ il +— J.- — (I} }: ‘:” WthE "-'r_.__ﬂ = — = H s e - ¥ ) f{jj

Solve for Z, and find
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* Model can be embedded in super-symmetric theories
where massive colored scalar fields appear naturally

* It has been known for a while that many of the true vacua
in the landscape of super-symmetric vacua are color breaking

& -

+ A vast part of the parameter space has been excluded as non-physical

- We see that some of these vacua can drive accelerated expansion!

Pirsa: 08060145 Page 99/102



Conclusions

« First order phase transition in which SU(3). breaks
can explain accelerated expansion of the universe

* Low energy QCD phenomenology remains the same
- New signature for the future collider experiments

- Can reconstruct the potential in colliders!



YES!

Dark Energy CAN have a color!
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