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The cosmological energy budget 

W.L. Freedman & M.S. Turner (2003)
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COSMOLOGY 
Density parameter of component “i”       
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Wi =ri /rc  

Critical energy density    
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FRW metric    
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Cosmological evolution   
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Equation of state  

† 

wi = pi ri     

† 

wm = 0 , wr =1 3 , wL =-1 , wj =
˙ j 2 2 - V (j)
˙ j 2 2 + V(j)

Scalar field evolution    

† 

˙ ̇ j + 3H ˙ j + ¢ V (j) = 0
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Scalar field Cosmology 

•  Runaway potentials       

† 

V(j) µ j-a , e-lj , j-ae-lj

• Attractor solutions exist for   

† 

rj << rB and have constant 

† 

wj

† 

V (j) = M 4+aj -a fi wj = a wB - 2
a + 2

; Wj depends on M

V (j) = M 4e-lj fi wj = wB ; Wj =
3
l2 wB +1( ) for l2 > 3 wB +1( )

• approximate attractor solutions exist also for more general potentials 
S.C.C. Ng, N. Nunes, F. Rosati (2001)  

• the scalar field on the attractor remains subdominant until recent 
times when it overcomes the matter density 
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Typical quintessence Cosmology

S.C.C. Ng, N. Nunes, F. Rosati (2001)

2  kination

3  frozen field

4  attractor

5  scalar field domination
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the Hubble diagram 
luminosity-redshift gives a 
measure of the expansion 
rate H and of the 
acceleration/deceleration 
parameter q of the 
Universe

† 

dL @ cz
H 0

1+
1
2

1-q0( )z+O(z2)
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˙ 



F.Rosati - Porto 2004     

BUT EVEN RESPECTING THESE CONSTRAINTS
THE QUINTESSENCE SCALAR CAN PRODUCE

IMPORTANT AND MEASURABLE EFFECTS 
ON OTHER COSMOLOGICAL OBSERVABLES 

AND IN PARTICULAR 
ON THE DARK MATTER RELIC ABUNDANCE

Couplings of the quintessence scalar  

† 

j   with 
other fields in the Universe is strongly suppressed

by experiments on time variation of physical constants 
and equivalence principle violations.
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KEY IDEA: the presence of a quintessence scalar can have a sizeable effect 
on those phenomena which have a strong dependence on the Hubble 
parameter H

RECALL: the earliest constraint we have on H is at the time of BBN

† 

fi rj rg £ 0.1 at T ª 1 MeV, z ª109

TWO WAYS
by which the mere contribution of the scalar field energy density 

to the Hubble parameter can modify the expansion rate 
in order to produce an enhanced dark matter relic abundance 

                modify gravity

  

† 

H 2 = 8pG
3

rm + rr + rj[ ]

Salati (2002); Rosati (2002);                sizeable scalar contribution 
Profumo & Ullio (2003);        (kination)
Catena, Fornengo, Masiero, Petroni, Rosati (2004)
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“KINATION” ENHANCEMENT
Salati (2002); Rosati (2003); Profumo & Ullio (2003)

If in the very early stages of its evolution, the quintessence scalar 
undergoes a period of “kination”, its energy density would temporarily 
be of the same order or even larger than the radiation energy density 
before rapidly becoming subdominant 

† 

rj =
˙ j 2

2
+V (j) =

˙ j 2 2 µ a-6 kination

2
1-wj

V(j) attractor

V (j) ª const. freezing
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† 

wj =
˙ j 2 2 - V (j)
˙ j 2 2 + V(j)

=

+1 kination
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The direct effect of this early kination phase is to enhance the expansion 
rate H at the time of neutralino decoupling, causing an earlier freeze-out 
and hence a larger relic abundance
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Salati (2002)

the BBN bound  requires  

† 

hj ≡
rj

r rad

£ 0.1
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Rosati (2003)

BUT, a scalar field which has dominant initial conditions, does not 
provide a good quintessence candidate, since it would not be able 
to reach the attractor before the present epoch

REMEDY:
we can modify the standard quintessence scenario  introducing 
more scalars or an interaction term in the scalar potential
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† 

V(j1,j2)= M n+4 (j1⋅j2)
-n 2
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† 

Vb =
b
2

H 2j 2 , Vc =crmj
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“SCALAR-TENSOR” ENHANCEMENT
Catena, Fornengo, Masiero, Pietroni, Rosati (2004)

Scalar-tensor theories of gravity

• provide a natural scalar candidate for the quintessence field

• respect the equivalence principle by construction

• can benefit from a double attractor mechanism that drives the 
scalar 

† 

j  to a tracking regime and gravity towards general 
relativity
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Basic equations
In the Einstein frame:

† 

Sg =M 2 dÚ
4 x -g R+gmn∂mj∂nj-

2
M 2 V(j)

È 

Î Í 
˘ 

˚ ˙ , Sm =Sm Ym,A2(j )gmn[ ]

and we define:      

† 

a (j) = d log A(j)
dj

The scalar evolution equation gets a source term :

                         

† 

˙ ̇ j + 3H ˙ j + 1
M 2

¢ V (j) = - a(j)
M 2 2

(r- 3p)

The effect of the early presence of a scalar field comes through the 

Jordan-frame Hubble parameter   

† 

˜ H = H 1+a(j) ¢ j 
A(j )
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Will choose:

               

† 

A(j) = 1+Be-bj fi a(j) = - b Be-bj

1+Be-bj

and for the scalar potential          

† 

V(j)=L4 j -d

With the constraint:

BBN            

† 

A(j BBN )
A(j0 )

< 1.08

also considered GR tests (Cassini) and CMB   

We have considered the maximal allowed value of 

† 

˜ H  in the early 
Universe, given the avaliable more recent constraints
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† 

l =L4 /rm
0
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CONCLUSIONS

Dark Energy is there
and

if in the form of a cosmological scalar

could have a measurable impact 
on the DM relic abundance


