Knotty Inflation
and the
Dimensionality of Spacetime

Heinrich Pas

technische universitat
dortmund




technische universitat

dortmund



Why 3 ?

» String Theory: (9+1)d
» M-Theory: (10+1)d

» Only occasonially addressed in the literature:
[Ehrenfest 1917, Brandenberger & Vafa 1989, Hochberg &
Wheeler 1981, Nielsen & Rugh 1984, Durrer, Kunz,
Sakellariadou 2005, Green, Kabat, Marnerides 2013]
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Come up with an explanation which is:

» Topological
» Dynamical

» Based on the idea that knots and links
are stable only in 3d
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» Based on the idea that knots and links

in 3d

are stable only

-
'
—;
w
S
D
=
c
>
@)
-
O
A2,
C
i
O
@
]

©
C
-
-
gt
—
O
©




If a knotty structure triggers inflation:
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» glueballs as knotted objects
[Buniy, Kephart ‘03,°05, Buniy, Holmes, Kephart '09]
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— Excellent fit to the spectrum of glueball candidates!
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» leptonic flavor structure
[Kephart, Leser, HP '12]

many topologically different knots
with similar knot lengths

—works like flavor symmetry

“Tri-bimaximal lepton mixing”
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G. Ripka: “Dual superconductor models of color confinement”,
nep-ph/0310102; Nielsen, Olesen '73, Nambu ’75, t'Hooft '75]

“The QCD vacuum can be described in terms of a
Landau-Ginzburg model of a dual superconductor”
“Dual abelian Higgs model”

Higgs mechanism (Anderson 1963):

Higgs field <> Cooper Pairs

Breaking of Isospin symmetry < Breaking of U(|)em

Masses of W and Z < Photon mass
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Consider a “QCD-like” phase transition

(confinement in a non-abelian gauge theory)
» chromo-electric flux gets confined

» (incomplete Meissner effect in the dual
superconductor picture)

! e 1l ,‘,.. | .. oy
iy ™

Vot U O T

» “Dual”: electric charges < magnetic charges
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» tube-like 1d structures of chromoelectric flux
[Nielsen, Olesen ’73, Abrikosov ‘57]

» network of open and closed flux tubes

» stabilized by a topological conservation law

[Bekenstein ‘92, Mendelson ’99]
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» filling the Universe and relaxing into
a tight configuration

» decouples from the Hubble flow
» effective cosmological constant
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phase transition
scale

» Filling fraction f varies .
dual gauge coupling

Stable configuration for:

Ttight << H_l < Tdecay
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» Filling fraction f varies

» Network formation: phantom regime

df /dt > 0 and w < —1

» Network decay: inflation regime

df /dt < 0, which yields w > —1

» results in a gas of hadrons & radiation
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Classically forbidden by repulsion from surface currents
» Via Schwinger effect

(“quark” pair production):
flux tube length

2
9 772.Q

8 |
4 2 ‘ '
nH = \—f.(/ (aH)"exp | 29 A2 |V # of quark flavors

» Via quantum-tunneling flux tube radius
(barrier of lengths 2a and height AV)

1
T+ H = —3((1H ) exp

» Sufficient number of (50-60) e-folds for:
(no light “quarks™ No SM QCD!)
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» Network enerqy:

d
— Y (pp V)V + fppdV = ~pdv

» Density perturbations will result from
fluctuations in the filling fraction £

similar to “elastic solid inflation” (nearly
scale-invariant) [Sitwell, Sigurdson ’14]
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» “Why 3d ?” is an obvious problem

» 1d flux tubes arise in QCD-like phase transitions
» relax into a tightly knotted network

» topologically (meta)-stable in 3d

» decoupling from Hubble flow

» String breaking: natural mechanism for reheating
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