Classical Geometry to Quantum Behavior

correspondence 1n a Virtual Extra Dimension
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Periodic phenomenon

Local retarded variations of 4-momentum in relativistic interactions can
be equivalently described as local retarded modulations of 4-periodicity.

4-momentum B 4-periodicity
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Planck Constant s |
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Lorentz
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Compton periodicity:
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“We assume the existence of a certain periodic
phenomenon to be attributed to each and every isolated
energy parcel [elementary particle]”. deBroglie:1924



Relativistic clocks Every elementary particle has
T s oot intrinsic space-time periodicity

ormont . | HYPOTHESIS: {Nep
Experimentally R (s e I byl
Gouanere:2008

- - ‘ TZO §10_258

Every elementary particle can be
TTeV §10_27S

Imagined as a reference clock.

teR
Einstein relativistic clock

“by a clock we understand anything
characterized by a phenomenon passing
periodically through identical phases, |...]
all that happens in a given period is
identical with all that happens in an

o arbitrary period. Enstein:1910

Time unit [SI]

A “second’ is the duration of
9,192,631,770 periods of the
radiation corresponding to [...]
the Cs 133 atom.




Vibrating cyclic-string Dy = {Efc,—p} [T* = {T3, Xx/c}

intrinsic periodicity cp,I" = h | topology S’
“particle in a box”
Z Anan(P)on(x)un(t) |  Energy quantization T:(p)

deBroglie:1¢

{Un'(t) — exp|—1twnt, = E(I_))
—/ | h_
7:(p) g B‘ T
e e Broglie
= Q'w(pz Internal clock
Tt (p) Einstein:1910

Physical information contained in a single period _..

Compact space-time dimensions
with Periodic Boundary Conditions

String vibrating with four periodicity 7T



Covariance cp, T" = h — cpMT i

Lorentz transformation of reference frame | g# — |z = z%A H

Transformation of 4-momentum o ]5' — LS

A z T T
Transfor¢mation of (tangent) 4-periodicity | T* —T'™* ~ T*A*
Transformation of £ QT“4 ¥ ——\\3 SENG e
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T* is a contravariant, M2 o o T v R Ny
tangent four-vector. § —pup (—) e T T

relativistic modulation of perlod|C|ty speotrum dispersion relation
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Energy spectrum of second quantization:

(after normal ordering)




Interactions as Boundary Geometrodynamics
Generic interaction  free case interaction

variation of 4-momentum | P, |— ﬁib( Bkt ( )Da

h
modulatio¢n of 4-periodicity | T# —{T"#(z) ~ T% *(x)

modulated

persistent
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deformation of the metric ¢#£7™
¢ MNpy = Guo (LL’) Freil
deforma’uonof the boundary

i T4 el (X)
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Holography klnematlcs encoded in the boundary

Linearized gravity (Vn(r) = —GMo/r <1
Redzhift e U GJYG) | B~ p(l+ G]Y@)
h
Time dilatation T~ T+ G]Y@) A Gif@)
¢ 2 2GM, 2GM 3
Schwarzschild 4 (1— : Q)d (1+ : Q)dx

“What is fixed at the boundaries of GR?” York,84



Canonical QM,

In every interaction point (locally)

o o Nt

nner Product: (qﬁ\x}:/o v, ¢(X)X(X)j N

Hilbert Eigenstates: | (x|¢n) = qbn(x)/\/Vx)

Hamiltonian Operator: [ H|¢n) = En |¢n) |

Momentum Operator: C 7’\@1) = Pn |Pn) j

Generic Hilbert State: [ ) = ch|¢n> J

Bulk EoMs: (07 + wh)dn(x,1) = 0 —[ihdin (x, t) = Enn(x.t)
£ T A R g R S SR Carena:'03

Schrodinger equation: Zﬁ?gw (t)>_ :H W(t)L <

Unitary A R TE 8y e ; /

| | U(dt) = e~ #1004t | (OEEROSSRINUERET, . 12 + ¢, — €

time evolution: ' D ey

Commutation relation
Expectation Value: O b (@ | (RO F(z)|d:) = i{xs|PF(z) — F(z)P|d:i)}

Commutation relations: F(2).P| = iho, Flz) * Fla) =z — [337 77] A

Feynamn:’42 Implicit! )




Feyn man Path |nteg ral Complete set of eigenfunctions

In Hilbert space, with unitary time evolution:

bigger (or infinite) than

o
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v L T the interaction region
€Zr
, " i e =g
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Set of classical paths with T:(®)
t

different winding number:
topology St
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Feynamn:’42

: variation- around a give path
Path Integral as interference of classical paths!

Composition of periodic paths

--> Gauge interaction as periodicity modulation D.D.; Ann.Phys., 327, (2012); arXiv:1110.0315
--> Compact Time and determinism: foundations D.D.; Found.Phys., 41, (2011); arXiv:0903.3680



Gauge Interaction  (Weyl’s and Kaluza’s original proposall)
g ey, --> Gauge interaction as periodicity modulation
Sl = A, (x) pp; Ann.Phys., 327, (2012); arXiv:1110.0315

Ul L= = e 7%
I\lei(r?sibs(tit)ution pﬁ_b_ s p/u (z) ~ pu — €Ay (z)

hd .
Local Isometry | ; ~
(~zitterbewegung) T-“ {T & (x) o Bt 6&)5’ (:E)T ] .

Local transformation of space-time induces internal transformation of the solution

Gauge transformation  d2(z) ~ ieA, (2)®(x)dx”

P

= FPI for scalar QED ~ Z= | Dae#se=olistl

Dirac Quantization condition

i : dz - eAn(z) = ge = hn
e W $dx-eA,(z) _ 6—7,271'17, fie f




Virtual Extra Dimension (VXD)

Massless 5D theory: dS? = dz,, dusss o —

Virtual Extra Dimension: ;

Vibrating cyclic string in"4D:

E.(p) =nE,(p) = n\/M264 + p=c?

Interactions in VXD B £ “"""““‘“3\2 Holography,
(massless approximation) (LC]MN(S) = Guw(s) O Light-Front
, 0 e dos B
T LN Quantization, ..
Vary, et.al 0911.2929,
Brodsky 0807.2484, 1103.1100
AdS/CFT

b — / DrerS (55 e%SVXD(S’S/)
Ve
In AdS/CFT:

“any classical configuration in XD [...] has a dual interpretation in [quantum] 4D SCF'I;;’herghetta:201 1
“guantum phenomena [...] are encoded in classical geometry” witen:199



Basic AdS/QCD

Quark-Gluon plasma freeze out

Bjorken Hydrodynamical model

Exponential 4-momentum decay

v h

Exponential 4-periodicity dilatation

4

Virtual AdS metric

Satz 08 Magas 03

Massless
spectrum

1'\\\\\\“@

|



Basic AdS/QCD - swosveen

Quark-Gluon plasma freeze out
¢ Bjorken Hydrodynamical model

Exponential 4-momentum decay

¢ h e e
Exponential 4-periodicity dilatation T'H(s) =~ cksp

Virtual AdS metric dS? ~ 6_2k8d$uda§"u 0

Mass
spectrum

MHoio(q?) ~ My (g?)

WSR, hadron masses and couplings, QCD spectral functions SIS Sl SO RGerRaPAgiia:2008
Pomarol:2000, Arkani-Hamed:2000, Son:2003, Erlich:2006

Massive dispersion relation -> deformation of the conformal virtual metric (dilaton, Soft-wall, ...) Gherghetta:2011



Conclusions

Interpretation of elementary particles
in terms of relativistic modulations of 4-periodicity

"} [de Broglie:1923]

:

Full consistence with Special and General Relativity
Correspondence with ordinary Relativistic Quantum Mechanics (QFT)
Geometrodynamical description of interactions (including gauge interaction)
Dualism with extra dimensional theories and
Unconventional interpretation of AAS/CFT phenomenology
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