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Example: Simple Harmonic Motion
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KF, S. Karamitsos and A. Pilaftsi 20 (Arxiv:2012.15288)

Poisson Brackets : - Commutators

w X'y, pis Py
Pt ={y,p} =1 K. p=[9.B)] =i
{<,p} ={y,pi} =0 (%, 6] =1y, ] =0
{x',x}={y,y}=0 [K, %] =[9,9] =0
{x,y}=0 [%,9]=0
{pi»pj} = {py,py} =0 (6, 5] = [By, By] =0

{Piapy} =0 [ﬁiaﬁy] =0
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Original Hamiltonian Originarl Schrodinger Equation
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2mpx+ 2m2 Py _ﬁ"’.xx("v}’) - 2M’ V., (x,y) = EV(x,y)

x,y) = (x)x(y)

— 2 (x) + o V(x)e(x) = E(x)

Kieran Finn (The University of Manchester) The Eisenhart Lift arXiv:1806.02431, 2012.15288 6 /13
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Example: Simple Harmonic Oscillator

] ] - 202 Py
Hamiltonian: H = —5- + mwXx

MZ

Energy Eigenstates: W(x,y) = (x|k, n) = exp (2”’ky) ¥n (%)

Energy Eigenvalues: kw (n 4F %)

Orthonormality: (k’, n’|k,n) = dk/k Oprn
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Original Theory
m L=10,00"¢— V(§)

Lifted Theory

n L =10,00"¢ + 3550,8"0,B”

. 06 = -3 (42:2°) V()
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Original Theory
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Hamiltonian Formulation

75 +(Ve)
2

Lifted Hamiltonian

Hige = + Y92 _ 1B 4 B

Hamilton's Equations
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The Eisenhart Lift for Quantum Field Theory

Lifted Hamiltonian

Commutation Relations
n [ af] = 22 (2n)%0C) (k — q)

" [Hlift,»al] = %Wkal

B [Hig, o] = —ﬁmwkak
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The Eisenhart Lift for Quantum Field Theory

Lifted Hamiltonian

Creation and Annihilation Operators

ax, af = fd3xe'“ [ 259 /Z(x) & —=rg(x)

Commutation Relations Conserved Momentum

m [ok,af] = 22 (27)300) (k - q) m [Hug, %] = 0
u [ant,ﬂl] = %Wkal n [ﬁ,-,fro] =0

.. — _ _To o B
u [tht, ak] = T am Wk Ak m . Tp conserved in time and space
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m Anthropic explanation of the cosmological constant problem

Gauge hierarchy problem

The initial conditions of inflation (see arXiv:1812.07095)

‘. 'Im‘,a._ge Credit: J&‘a m.l



Summary

m A conservative force can be described by the curvature of a higher
dimension

m The potential term of a quantum field theory can be described as the
kinetic term of a vector field

m Different values of the conjugate momentum 7 lead to an ensemble of
universes with different physics

m May have applications to cosmological constant, gauge hierarchy and
measure problem
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