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Abstract: We highlight the unexpected impact of nucleosynthesis on the detectability of tracking quintessence dynamics at |ate times, showing that
dynamics may be invisible until Stage-1V dark energy experiments (DUNE, JDEM, LSST, SKA). Nucleosynthesis forces [wA«AQE(0)| <0.2 for the
models we consider and strongly limits potential deviations from _LCDM .

Surprisingly, the standard CPL parametrisation, w(z) = w0 +waz/(1+z), cannot match the nucleosynthesis bound for minimally coupled tracking
scalar fields. Given that such models are arguably the best-motivated alternatives to a cosmological constant these results may significantly impact
future cosmological survey design and imply that dark energy may be dynamical even if we do not detect any dynamics in the next decade.
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Expansionis speeding up

_not
slowing down!
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When we don’t know what
it is we put “dark” in front
of it...

Makes it easier to get

funding!”

alalalatals =

A Dynamics

- motivate from theory
-why so small? - plenty of possibilities
"'3‘{23“‘“? - plenty of imagination..
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all observations
consistent with

w=-—1

only
covartant
description B

MOST PLAUSIBLE

MOST PUZZLING
J zero point energy
O no prediction mp , . .
Jenergy scales phase transitions early universe

\ 4

it is (also) a good rule
not to put too much
faith in observations
(obs) —120 _(guess) until they are
Pvac . ~ 10" pyac confirmed by theory...

Sir Arthur Eddington
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It’s what we’re looking for...

ESSENCE.: deviations from A at z~0.5

Wood-Vasey et al

HST: bound w’across 0.2 <z < 1.3

DETEF: consistency with Lambda?
time evolution ?
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exponentially
sensifive to
expansion rate

freeze out: ratio fixed - determine expansionrate

. we know expansion - we know amount of Dark Engrgy
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Q, (T ~1MeV)<0.045 at 2o

Q, (T ~1eV)<0.04
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Linking BBN to today... Scaling Fields!
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Q, (T ~1MeV)<0.045 a 2¢o

Q, (T ~1eV)<0.04
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|Linking BBN to today... Scaling Fields!
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) The scaling field

constant from
BBN, z ~ 10%° until
transition to
matter, z ~ 2-10

01F

o
. T
-

determinesa / SR S
different time

for onset of __ . yaltm
acceleration 1 10
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So we take:

leStmhl transition to matter

1. TOY MODEL.: 2 SCALAR FIELD: 3. PHENOMENOLOGICAI
step function for leavessecaling to after transition
transition dominate energy look for famous w(z)s...
density

V(6) = Mie ™ + Mie
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saturate
/ mi
Q) f(z)

Qpe(z:) = — 0.045
/ QP2 f(z) + Q) (1 + z)3
ﬂt- o _.._ f I :
transition =)= [3[ ll-:{;}dz}
choosew(z) /
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exponentially
sensitive to
expansion rate

freeze out: ratio fixed - determine expansionrate

T we know expansion - we know amount of Dark Enexgy
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So we take:

==

1. TOY MODEL:.: 2 SCALAR FIELD: 3. PHENOMENOLOGICAI
step function for leavessecaling to after transition
transition dominate energy look for famous w(z)s...
density

V($) = Mie ™ + Mje

irsa: 07120018 - Page 21/34




Pirsa: 07120018

Marina Coriés- Universiivof Sussex 03-12-2007

w(z,)=0
w(0) =—1

BBN + scaling + {

\

z >26

$

transition doesn’t happen within
reach of most DE probes...!

z. ~1 needs w=—]_88

r
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2. Double Exponential Potential

=
4 —A 4 —
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» saturate BBNbound =1 b 2 f L
to maximize deviations from LAMBDA ... ‘ R '
...examine detectability | ' w tracks the background -

Pirsa: 07120018

Marines Coriees — TTniverciivofr Succey O 1—12-90)



‘ z >216
| $

transition doesn’t happen within
reach of most DE probes...!

!._'I-
oy
T

I

z. ~1 needs w=—]_88

r

Pirsa: 07120018 Page 24/34

Marina Cortés- Universiivof Sussex 03-12-2007



2. Double Exponential Potential
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Double Exponential Potential

dark: £ <0

- if w today close to 20 boundary (u=1)
detectability is within reach of Stage I'V experimenis
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Double Exponential Potential
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- if w today close to 2o boundary (u =1)
detectability is within reach of Stage I'V experimentis
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Detectability: Hubble rate
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Distance Modulus

T _ 5 (-0

dra(z)
where (assuming flatness)
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plots of distance modulus see paper
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3. Standard Parametrization... CPL

> Widelv used TN
/ of .
» Surveys use it for - |

constraints on dynamics o

> Basis for DETF’s Figure-of-Merit! 1 s
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Failure of CPL...

...to meet nucleosynthesis constraintswith a scaling field
s |

Wep; cannot bring QDE

from
Q_.(z.)=0.045
fo
Q,.(0)=07
if
w(0)=-—1
{“'(4) =w, =0
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Failure of CPL...

...tomeet nucleosynthesis constraints with a scaling field
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» Maximum value of Wepr 1S

Wepr =W, +Wa

- asymptotically ., — ¢
but neverreaches

Double Exponential
Potential
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CONCLUSIONS

=

» Scaling fields among best aliernativesto LAMBDA
- BBN constraintson (2pp at T~1Me\ sirong limiits on dynamics

- Constraints Hubble rate detectability not garanteed within next decade
SUTVeys

» if w today close to maximum we can detect dynamics with Stage IV
» Standard CPL parameirization fails to meet BBN with a scalar field
- Important because figure-of-merit

- using this parametrization may systematically
point away from quintessence sca]mg models
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