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* What is quintessence ?

* Why loops ?

» Calculating loops

» Scalar loops

» Coupling to fermions — fermion loops
» Graviton induced interactions
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What is quintessence ?

K. Freese et.a (1987, C. Wetterich (1983), B. Ratra & P.J. Peebles
(1988, R. R. Cadwell et. a. (1997), P. G. Ferrera& M. Joyce (1997

Why loops ?

Quintessence calculations usually performed
with classical field equations

Potential often ,inspired” by some fundamental
theory

However, this still is a low energy effective
guantum field theory.

- Therefore,“low energy” (¢ Mp) quantum
fluctuations a priori not included.

mm) Cosmologicd evolution uses wrong potential!
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A word of caution

Potentials discussed are non-renormalizable
strong cut-off dependence.

- We discard constant terms which would in
principle amount to a cosmological constant.

Some symmetry expected to force vanishing
cosmological constant.

Same symmetry could cancel loop.
SUSY is broken too badly to do this.

H. Kolda and D. Lyth (1998), R. D. Peccei (2000)

Calculating loops

In QFT, effective action ||jilj replaces
the classical action.

E.O.M. for field then given by
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Calculating loops

- To calculate loop, look at generating functional
for connected n-point functions

Expand

Calculating loops

Now go overto GF | =-WI[]+]F
Factor out space-time volume,

GFql=UV(Fy)
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The action

For the quintessence field F and some fermion
Y, possibly coupled to F, the action is:

Scalar loops

Leading order scalar loop:
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Exponential potentials

Consider

iy

Form Stable !l!

Scalar loops :: stability

Pure exponentials

Nambu-Goldstone cosine

Inverse power laws P. Brax & J. Martin (2000)
Sugra inspired potentials

Modified exponentials

Albrecht & Skordis (2000)
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Fermion loops

Coupling of quintessence to fermions

Isactually guintessence dependent fermion
mass term:

Fermions rule!

© VYar g, =3H?

R— -
e H=89F£ 1061Rn?

Coupling and effective potential connected!
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Why bother ?

Loophole for both scalar and fermion loops:

View action as fully effective, all fluctuations

integrated out

However: For coupled quintessence, one
needsto guess both the effective potential
and the e ffective coupling! Highly unlikely to
guess rig ht!

Could gravitons do the coupling ?

In principle, processes like
occur.

They arise from using

and
multiplying the matter Lagrangian.
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Puh, lucky...

Fermion mass + coupling: m(F) = m; + c(F)
In order to contribute F-dependent partto Y

mass, gravitons starting from Y -h Vertices
(complicated as they may be) have to touch F-h

vertices.
F-h vertices are/ V(F ), hence c(F)/ V(F )

Potential correction/ V

Conclusions

Uncoupled quintessence is stable
- Coupled quintessence severely restricted

Bound on coupling so tight, one needs to
consider graviton-induced couplings —
corrections are small and can be absorbed.
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