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* Accelerating solutions in a Friedmann-Robertson-Walker
universe from scalar fields are well known from inflationary
theories.

QA

2 All we need 1s an approprnate scalar potential, and good
conditions for late-time domination, after the required
transitions: radiation -> matter -> dark energy

— -

¢ Proposal: The physically relevant solutions are represented by

pheteroclinic lines connecting critical potnts on the phase-space of the feld
variables.
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DYNAMICAL STRUCTURE

¢ Full equations of motion in a FRW universe with a matter
perfect fluid + quintessence field:
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% Dynamical variables:
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¢ Quintessence physical parameters:
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DYNAMICAL STRUCTURE

¢ New equations of motion:
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¢ Phase-space structure

s Critical points: pownts in phase space at which the phase velocity
vantsheds;

¢ Heteroclinic lines: trajectortes in the phase-space that connects

two critical pownts.
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DYNAMICAL STRUCTURE
(EXPONENTIAL CASE)

+¢ Critical points: points in phase space at which the phase velocity
vantshes; A, B, C, D

.

¢ Heteroclinic lines: trajectories in phase space that connects two

crittcal points; 1, 11, 111, IV, V
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DYNAMICAL STRUCTURE
(EXPONENTIAL CASE)

s Critical points: pocnts in phase space at which the phase veloctty
vantshes; A, B, C, D, E

A

¢ Heteroclinic lines: trajectories in phase space that connects two

critical points; 1, 11, 111, 1V, V, VI
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DYNAMICAL STRUCTURE

Al

vantshes; A, B, C, D, E

.

critical potn
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(EXPONENTIAL CASE)

+¢ Critical points: points in phase space at which the phase velocity

¢ Heteroclinic lines: trajectories in phase space that connects two

ts; 1, 11, 111, IV

Copeland, Liddle, Wands
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& Becaude of the long matter-dominated period, appropriate mnitial
conditiond correspond to phase-space potnts nearby the matter-
dominated point A; late-dynamics of the quintessence freld 1 influenced
by this fact and tts evolution muot not start arbitrartly.

Flow parameter

R ' ' ' | (Cahn, de Putter, and Linder
h=s JCAP 0811, 015, 2008)

0.8 r -

IR il 5 = const
0.6 | (25 A

>
04 t
Perfect fluid domination

o i le———r ] critical point

—h

Friday, January 13, 12



B

% Becauoe of the long matter-dominated period, appropriate inittal

conditiond correspond to phase-space potnts nearby the matter-
dominated point A; late-dynamics of the quintessence freld 1 influenced

by this fact and it evolution must not start arbitrardy.
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Thawing constraint
Because of matter-domination,
the quintessence field follows
the phase-space trajectory:

) 2 Xy
T ey
J 2+v\/6y

In terms of the flow parameter:
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% Becauoe of the long matter-dominated period, appropriate inittal

conditiond correspond to phase-space potnts nearby the matter-
dominated point A; late-dynamics of the quintessence freld 1 influenced

by this fact and it evolution must not start arbitrardy.
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Thawing constraint
Because of matter-domination,
the quintessence field follows
the phase-space trajectory:
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In terms of the flow parameter:
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s The phyotcally relevant dynamics ts then represented by the
heteroclinic line departing from the (unstable) critical point A (perfect

luid domination)
g , 5 , X Thawing constraint
2=3 Because of matter-domination,
08 | | the quintessence field follows
| the phase-space trajectory:
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-~ 2+7V6
Y It s the beteroclinic line that
departs from the critical point A
0.2 t (red line)
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GENERAL DYNAMICS:
FREEZING

2¢ The roll-parameter decreases as the universe expands
1 O O > ““..-:““"::_‘:“:‘_‘_‘.‘.‘.‘..--l.l.-..--.-.-.-.-.-.-'-: .........
Projection onto the 2D
S phave space
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GENERAL DYNAMICS:
FREEZING

¢ The roll-parameter decreases as the universe expands

Projection onto the 2D
phase space
1 F T : T
Die A=100
1 B
0.8 |
06 | : /
e, T (LR E A e S T
04
1t ts the beteroclinic line that 0.2 | e T
departs from the critical point A -
(red line) 0 et
-1 -0.5 0 0.5

Friday, January 13, 12

11



GENERAL DYNAMICS:
FREEZING

A

2¢ The roll-parameter decreases as the universe expands
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Large initial values of the roll parameter are
not allowed by observations
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GENERAL DYNAMICS:
THAWING

A

2¢ The roll-parameter tncreases as the universe expands
)\'I=2

120

Projection onto the 2D
phase space
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GENERAL DYNAMICS:
THAWING

A

¢ The roll-parameter ncreases as the universe expands
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GENERAL DYNAMICS:
THAWING

A

¢ The roll-parameter ncreases as the universe expands
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¢ The dynamics of dark energy scalar fields, for physically
relevant solutions, 1s fully described by critical points and
heteroclinic trajectories on the phase-space.

QUA

« The viability of a given model 1s also easily determined by
looking at 1ts heteroclinic trajectories departing from the
critical point of matter domination.

—

¢ The phase space of any quintessence feld 1s topologically
similar to that of the exponential potential.

2 That physically relevant trajectories are also heteroclinic must
be true for other models of dark energy (in terms of properly
chosen phase variables) (conjecture).
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