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Top quark AFB: New Physics?

 
 

    > 3 σ effect: CDF Collaboration, PRD 83: 112003 (2011) 
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Breaking chain (Z2 factors omitted)

E8×E ′8 (at ΛGUT ∼MPlanck ) →

SU(5)×U(1)X ×SU(5)′×U(1)′X ×SU(3)K (at Λ23) →

SU(3)C×SU(2)L×U(1)1×U(1)′1×SU(3)K (at 1 TeV) →

SU(3)C×U(1)em
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1 TeV∼MPlanck exp
(
− 6π

17α(MPlanck )

)
(G.T. 2011)
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Metric: inherently quantum-mechanical

gµν =< Ẽm
µ (x) >< Ẽνm(x) >6= 0 only for m,µ,ν = 0, ...,3

Ẽm
µ (x)∼ Ψ̄(x)γm∂µ Ψ(x), m,µ = 0, ...,d ≥ 3

A. Hebecker and C. Wetterich (2003)

Physical distances: induced by fermion correlat. functions;
spacetime: dynamical, non-perturbat., not just background

Sf ∼
∫

ddx det(Ẽm
µ )→

S<mean field> ∼
∫

ddx det(< Ẽm
µ >)(1−< Ẽµ

m > Ẽm
µ + ...)→

gravitational + gauge interactions:
need appropriate compactification manifold
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Ẽm
µ (x)∼ Ψ̄(x)γm∂µ Ψ(x), m,µ = 0, ...,d ≥ 3

A. Hebecker and C. Wetterich (2003)

Physical distances: induced by fermion correlat. functions;
spacetime: dynamical, non-perturbat., not just background

Sf ∼
∫

ddx det(Ẽm
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The value of α(MPlanck)

Nambu-Jona-Lasinio (1961) inspired self-energy m

<Ψ̄Ψ>
M2

Planck
≡m∼ αC2

4
∫M2

Planck
0

k̃2dk̃2

max(k2,k̃2)
m

k̃2+m2

α−1(MPlanck )∼ C2(E8) = 30 for k . m

1 TeV ∼MPlanck exp(−1.23 C2) (G.T. 2011)

Assume α(MPlanck ) = critical coupling for

<Ψ̄(x)γm∂µ Ψ(x) >6= 0 leading to

Gauge-symmetry breaking via the 248a of E8
Dynamical metric generation
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A toy lattice model (UV cut-off?)

S<mean field>→ Slat = ∑<i ,j>EijΨ̄iΨj

Single-state Potts model (1952): percolation phenomena
Local in sites
HP =−J ∑<i ,j> δ (Si ,Sj), J > 0 (ferrom.), Si = 0,1

δ (Si ,Sj) = 1 for Si = Sj = 1, δ = 0 otherwise

Partition function (non-local in edges):

Z = ∑Ci

(
eβJ −1

)Ei
, Ei : # edges in cluster Ci

Phase transition (large clusters) when

kBT ≤ kBTc = J/ ln2∼ 1.4J
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τd ≡ max(nearest-neighbor # in Rd ) ∼ min(Ei):
Cohn-Jiao-Kumar-Torquato (2011)

y-axis ∼ log(τd )−0.17d Ostwald’s rule (1897)

 

d
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Self-organized criticality

Optimal lattices Γ: study via ΘΓ(z) = ∑λ∈Γ eiπz|λ |2 (Im(z)>0),
modular form if Γ even & self-dual: (−i)d/2 = 1⇒ d = 0 mod(8)

d=8: E8 root lattice Γ8, τ8 = 240 =
= max(τd of a Γ corresponding to roots of a Lie group);
optimality of Γ8: H. Cohn and A. Kumar (2007)

d=16: Barnes-Wall ΓBW (1959), τ16 = 4320 (not self-dual)
d=24: Leech lattice (1967), τ24 = 196,560;
largest of the 24 Niemeier lattices,
related to largest sporadic finite simple group (Griess 1976)

Conjecture: E8×E ′8 emerging via Frenkel-Kac (1980)
compactification on T 16/(πΓ8×πΓ8): variant of d=8 case
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Do we find ourselves within a glass-crystal transition?

Cosmological constant?

Crystal formation→ inflation, initial entropy, arrow of time?
Connection with spin glasses?

Dark Matter & Energy, elementary particles: topological?

Particle # density: dp ∼ Sp/SB ∼ 10−33 ∼ exp(−H/kBTeff )
(H: enthalpy cost of a vacancy defect)

Connection with
Intergalactic voids (larger than simulations)?

Shape of spiral and scarcity of dwarf galaxies?

Ultra-high energy cosmic rays (unknown origin)?
12 G. Triantaphyllou
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Solid state meets Particle Physics and Cosmology I:
Free-energy minimization→ clustering
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Solid state meets Particle Physics and Cosmology II:
Is Dark Matter topological?
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Only if question arises

Dimensional arithmetics

String theory:
d0 = 24 (Leech)+ 2 (world-sheet) = 26 (spacetime: background)
dc1 = d(E8×E8, R) = 16 (symmetry underutilization?)
dc2 = 6
dspacetime = d0−dc1−dc2 = 4 (R)

Spinor gravity applied to Katoptron theory:
d(E8 cluster) = 8 (R) −→ d(E8,C) = 8 (C)→
crystalization: d0 = d(E8×E ′8, C) = 2d(E8,C)= 16 (C)
dc = d(E7×E ′7, C) = 14 (C)
dspacetime = d0−dc = 2 (C) = 4 (R) (spacetime: dynamical)
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