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VACUUM ENERGY AS OBSERVABLE EFFECT
VACUUM ENERGY IN QFT

e Energy spectrum of simple harmonic oscillator in quantum mechanics:

En:(n—i-%)w. 1)

Free quantum field theory is formulated as an infinite series of simple
harmonic oscillators. For example vacuum energy density in free scalar field

theory is
© BE 1 © BE 1
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e Spontaneous symmetry breaking gives a finite but still possibly large shift in
the vacuum energy density. In this case

L=10,00"¢—V(¢) where V(¢)=—p26To+ANoT¢)2+e  (3)

The potential is at it’s minimum value for |¢| = %, leading to the shift in
the energy density of the ground state:
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In quantum field theory the value of the vacuum energy density has no observa-
tional consequences.
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VACUUM ENERGY AS OBSERVABLE EFFECT

GENERAL RELATIVITY

In GR each form of energy contributes to the energy-momentum tensor 7, ,
hence gravitates.

Einstein’s equations:
1
R,, — 5Rg‘w +Ag,, = —8r1GT,, (5)

Energy-momentum tensor of the vacuum:

The =—(p) g"" (6)
From Einstein’s equations
A
Th =~ ™)

We can define effective cosmological constant:

Aet = A + 87G (p) (8)
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SYMMETRIES

A theory obeys naturalness only if all of its small parameters would lead to an
enhancement of its exact symmetry group when replaced by zero.

Example:

The upper bound on the mass of the photon from terrestrial measurements of the
magnetic field yields:
m2 < 0(107%°) GeV? . (9)

A photon with only two degrees of freedom can only get a mass if Lorentz
invariance is broken.

We know that
Aegr S O(10784) GeV? (10)

There might also be a symmetry acting to keep the effective cosmological constant
so small.
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SUPERSYMMETRY

Standard Model particles Supersymmetric partners
QOO LEOE @
QOV O &6 @
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Q000 C@WE® @
@ quarks U © squarks @ higgsino
© leptons O sleptons & sneutrinos

@ force particles © neutralinos ¥° & charginos *

Contribution to the energy of the vacuum in field theory coming from field with
spin j are

1 ; ruv @Bk
()= 3(-0¥ i+ 1) [ VR =
2 0 (2m)3
DY+ [y 272 1 4 Ay, 1 1 11
T — AUV—&—mAUV—Zm log m2)+§—§10g2 (11)

+O(AGY))
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SUPERSYMMETRY

If for each mass m there are an equal amount of fermionic and bosonic degrees of
freedom, the net contribution to (p) would be zero.

{Qa, @5} = 201, P, (12)

For Hamiltonian we have
1 _
H=73"{QuQua} =P (13)
[e%

Matrix element of P® can be written as

WIPOJY) = 13, (Wallpa)  with Yo = (Qa + Qa) [¥) (14)

For the vacuum |0) we have
Qal0)=0 and Q.|0)=0, (15)

thus vacuum energy is zero.
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