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all the details of the “real world” as known so far, but it is the first one for which no indication
to the contrary is currently known.

To be fair, (super)string theory is not one concrete theory, but a theoretical system,
just as classical mechanics is not limited to the description of a concrete physical system,
but is a systematic approach to describing a class of concrete physical systems. The sur-
prising richness and unexplored-ness of the theoretical system of (super)strings as well as
the fact that no contraindication has been found together provide hope that amongst the
(super)string theory models we could find an optimal candidate for the so-called Theory of
Everything [+ chapter 9.5]—with a necessary warning that this goal will still require a lot
of work.

–1.1.3 Scientific Predictions: Useful and Inevitable
Gravity couldn’t care less

about your foot under the falling rock.

We are already acquainted with the “three-step”: observe-model-predict, as well as the log-
ical inevitability of repeating this iterative cycle indefinitely, and indicating the developing,
testing and asymptotic improvement of scientific models. Indeed, we may regard it both as
a curse and a boon that the idea of an ultimate and complete Theory of Everything is a van-
ishing point: a theory to which all scientific endeavors aim, asymptotically [+ chapter 9.5].

Apart from this asymptotic (un)reachability, Theory of Everything is also a misnomer,
since it refers only to fundamental interactions in Nature. However, neither does a pile
of rocks (and other building blocks) make a palace, nor does a few pounds of protein,
lipids, some fat and calcium make a Schrödinger’s cat. Even if the “ultimate” theory of
all fundamental interactions were known, a hazy road would remain to lead from there,
through atoms and molecules, to. . . us and our ambitious thoughts, and further.
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Figure –1.4: A logarithmic scale of sizes, from Planck length where everything looks like a black
hole (from within which no information can be extracted), to the largest distances, from which
the light only now reaches us (and from beyond which information has not yet reached us).

Not only is there much room for “filling in the details” even if we stick to this 1-
dimensional arrangement by size, but very often tiny portions in this all-encompassing size
scale produce “pockets of knowledge” not infrequently of fantastic and baffling complexity, a
characteristic perhaps not unlike fractals. Suffice it here just to mention that the complexity
of collective phenomena (behavior beyond the ‘thermodynamic’ average, such as eddies,
tornadoes, the shapes and the dynamics of clouds, market crashes. . . ) has only recently
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74: Standard Model w/lots of details 
Fundamental forces 
Fermion masses 
’80: ν-mixing

22 Years Ago… 
(Λ-CDM)

Shadows of 
the Invisible 
(dark energy & 
  dark matter too)
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Superstrings propagate consistently
in (9+1)D spacetime, e.g., with    gauge groupE8×E8

Can be compactified
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“hide” the extra dimensions}:

Superstrings propagate consistently
in (9+1)D spacetime, e.g., with    gauge groupE8×E8

Can be compactified

Can be creased

E8×E8 → SUc(3)×SUw,L(2)×Uy(1)
…3 generations of chiral fermions, Higgs, etc.

fermion masses spanning  ∼ (100 ⋯ 10−11) ⟨H⟩

 ;  [0 m
m M] → ≈ {m2

M
, M} {m2/M ∼ 1.1 eV

⇒ M ⩾10+11 ⟨H⟩

Supersymmetry must be “broken”

 🤞∼ ?

🤔 somehow…

seesaw
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Λ-CDM
Candidates in GUT and Superstring models

1917, A. Einstein; + 81 years: → Λ ≈ 1.1×10−52 m−2 > 0

Einstein:

Peculiar, “creased”+“compactified” models

Toy-model: axion+dilaton:  τ = a + ig−1
s e−Φ

 gμν((∇μ ∇ντ) + Γτ
ττ (∇μτ)(∇ντ)) = 0

  ds2 = h∥(z)2 g(dS;Λ)
ij (x) dxidxj + Λ−1h⊥(z)2(dz2 + dθ2) + (d2y)Y4

Exponential mass-hierarchy:       MP = M2
* ⋅ℓ⋅e+z0/2 ⋅f(z0)

Cosmological constant:  Λ=Δω2/8ℓ2 >0

?!

Topping the Already Tall Order

Cold Dark Matter

→ WiP 🤞 

Rμν =
8π GN

c4 [Tμν(τ)− 1
D − 2 gμν(gρσTρσ(τ))]

𝒲3,1⋊ Y2
⊥ ×Y4 smallbig

← gμν(x; z, θ)

← τ(x; z, θ)separation of variables

breaks supersymmetry 
   — seesaw! 

so 

⇝ MΛ =(M2
susy/MP)

Msusy ∼ 1−10 TeV
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