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1 Introduction

Assuming that the variations of parameters of nature ancttnesnt accel-
eration of the universe are related and governed by the #®wolof a single
scalar field, we show how information can be obtained on theraaof dark
energy from observational detection of (or constraintsamsmological vari-
ations of the fine structure constant and the proton-totr@leaenass ratio. We
comment on the current observational status, and on th@@ctsfor future
spectrographs such as ESPRESSO and CODEX.

2 Assumptions
Our method requires a number of assumptions: first, thae tisestark energy
due to a rolling scalar field; second, that there is a cosmddbgariation of
the fine structure constant, as recently suggested ([1ag¢) thirdly, that any

variation of« arises from the evolution of the quintessence field. We ra@te t

If dark energy results from an evolving scalar field, it natiyrcouples to other

unknown symmetry principle explicitly forbids these cangs.

We take the coupling between the scalar field and electroatesgm to be
Lop = —1Bp(¢)F, F* where the gauge kinetic functiaBip(¢) is linear,
Br(¢) =1 —Ck(é — ¢p) (@andx? = 87G). This can be seen as the first term
a Taylor expansion, and should be a good approximation ifighe is slowly
varying at low redshift. Then, the evolution of alpha is gi®y
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We can also consider the variation @f= m,/m.. In GUTs we expect &

correlation between the variation afandp [3] given by Au /i = R Aa/a.
Under simple theoretical assumptions we obtRir- —20, In severe tension
with observations [4, 5] with equal or better precision.sST§imple exercise il-
lustrates the potential of cosmological observations nfiimental parameter
In discriminating particle physics models.

3 Reconstruction procedure

Our approach [6, 7] is to parametriZze-(¢) with a linear function and the
T Figure 2: Marginalized 1-d probability distribution féwg,0((), using quasar

evolution ofa and/oru with a polynomial. All we need is a functional form @
¢/(N), then we integrate’ = —(rk¢')*(c + a~>), whereo = ps/poQpz0. The
solution provides the evolution of the equation of statepater through
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One starts by obtaining data on the evolutiomv@nd/or.. We have studied
simulated data from the forthcomitgSPRESSO spectrograph for VLT ano
the plannedCODEX for the E-ELT. The only missing ingredient is the value
(. We must estimate its value from independent observatiocis as Snla or
weak lensing. For typical values we obtgin- 10" — 10~* which is compa-
rable to bounds resulting from tests of the weak equival@niceiple. Below
we illustrate a reconstruction example usimgnd;: data in combination.
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Figure 1. Simulated ESPRESSO and CODEX reconstructionséqgrdtential
V(p) = Vy(elP® 4 V-160)  (Dashed line: fiducial model; solid line: best 1
reconstruction; grey bandssBand 2r errors.)

A strong constraint on the current variation@fvas obtained from atomic

clocks [8],&/a = (—1.6 + 2.3) x 10~ yr~1. This rules out most models o
guintessence with a monotonic evolution of the field and aadrmcoupling if
Aa/a(z = 3) ~ 107, but there are some ways of evading these bounds.

4 Thoughtson current data

We’'ll dismiss theoretical prejudices and seek to take theeouly available
data at face value and understand what it might be tellingras. Rosenbang
bound may compell us to consider a sharp transition in theevaf Ao/« at
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forms of matter and leads to variations of masses and cagplinless some
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a field evolving from a local maximum of the potential, fallinga steep well
and riseing again approaching another local maximum. The wglotthe
field is decreasing today and a large vacuum energy is attaimedallernative
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does not require that the field is initially at a local maximumt imstead al-
lows an equation of state parameter that approaches~ 0 at large redshifts.
These potentials look distinctly unnatural, however we emgieahat our ob-
jective here is to disregard theoretical prejudices and tahesdata to uncover
viable forms of the scalar potential. This simple exercigghghts the impor-
tance of an independent observational confirmation of thesatizans.

A likelihood analysis will yield the observationally prefed values for the
amplitude of the transitiond = ¢¢, and the width of the transition). Com-
bining the data and constraints on the variation @fith Snla data we are then
able to constrairc and therefore.. The only upper limit onl comes from
Oftests of the equivalence principle. Small valueg diowever, given an evolu-
tion deviating substantially fromdCDM and one should be able to put lower
bounds on this quantity with cosmological data at redshift 1, as illustrated
below.

of the gauge kinetic function but set
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data together with the Rosenband bound, Oklo and meteorite sava
the Union supernovae sample. The shaded regions represent tued
confidence limits.

5 Conclusions

We have shown that under simple assumptions we can determinettine of

Odark energy, not byitting the parameters of a scalar potential to cosmologi-
cal data, but by performing the inverse procedure, that consissing quasar
data tareconstructhe potential. This type of reconstruction directly probes the
scalar field dynamics and may be carried out, with current datadshifts be-
yond z = 4, far higher than the limiting value = 1.7 of Snla searches. Future
astrophysical technigues may extend this to even higher resisMibreover,
the observations can be done from the ground and are consequenthechea
than satellite-based observations.
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