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The Relic density



Relic density
simple approach (more advanced in real life)

Decoupling occurs when

We have that
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Figure 4. Comoving number density of a WIMP in the early Universe. The dashed curves are
the actual abundance, and the solid curve is the equilibrium abundance. From [31].
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where the subscript f denotes the value at freezeout and the subscript 0 denotes the value
today. The current entropy density is s0 # 4000 cm−3, and the critical density today is
ρc # 10−5h2 GeV cm−3, where h is the Hubble constant in units of 100 km sec−1 Mpc−1,
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Relic density – accurate approach

• Solve the Boltzmann equation

• properly taking the thermal average <·>

• including the full annihilation cross section 
(including all final states, resonances and 
thresholds)

• including all so-called coannihilations between all 
neutralinos, charginos and sfermions
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The Boltzmann equation 
with coannihilations I
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The Boltzmann equation 
with coannihilations II
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Assume that            during freeze-out
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The same Boltzmann 
equation as without 
coannihilations, but with 
the annihilation cross 
section replaced with an 
effective annihilation 
cross section!



The effective annihilation 
cross section
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The Boltzmann 
suppression can be huge!

But the annihilation cross 
section can be even 
larger!

Typically, coannihilations are important if either
a) the mass differences are small, or
b) the annihilation cross sections are large



Example of coannihilation case
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Initial state thresholds appear as final state 
thresholds in the effective annihilation rate!



Thermal averaging
As the SUSY particles are in thermal equilibrium 
(due to the vast amount of SM particles), we can 
insert a thermal velocity distribution and 
calculate the thermally averaged annihilation 
cross section
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See Edsjö and Gondolo, PRD 56 (1997) 1879 for details.



Example: stau coannihilation in mSUGRA
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Figure 6: Results for tanβ = 10 and A0 = 0. The isolevel curves for the relic density Ωχh2 are
shown in the top panels. In the bottom panels, curves indicate how big the error on the relic density
would be if coannihilations were not included. The mass splitting between the lightest neutralino
and the lightest stau is also indicated.

lightest stau rather than the lightest neutralino: its upper bound marks the line along

which the (bino-like) neutralino and the lightest stau have equal mass.

We can give a schematic interpretation of the results displayed starting with the isolevel

curves on the top left corner of each panel, where all isolevel curves converge to a narrow

band. There, the model has a relatively heavy sfermion sector, and the lightest neutralino

mass is just a few GeV larger than half the Z0 boson mass. The bino pair annihilation rate

into fermions is dominated by the diagram with Z0 in the s-channel at energies just slightly

displaced from the Z0 resonance: this resonant annihilation leads to acceptable values of
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Coannihilations 
can change the 
relic density by 
more than 
1000%!



Example: focus point region in mSUGRA

1000

1500

2000

2500

3000

3500

4000

4500

5000

0 5000 10000 15000

Excluded

!
"
h

2
 = 0.1

0.025

0.2

0.3

m
"
 =

 8
0
0
 G

e
V

1
2
0
0
 G

e
V

1
6
0
0
 G

e
V

2
0
0
0
 G

e
V

m
1/2

 [GeV]

m
0
 -

 2
m

1
/2

 [
G

e
V

]

Without coannihilations

tan # = 30, A
0
 = 0 GeV, µ > 0

J. Edsjö, M. Schelke, P. Ullio and P. Gondolo, 2003

1000

1500

2000

2500

3000

3500

4000

4500

5000

0 5000 10000 15000

Excluded

0.025

0.1

!
"
h

2
 = 0.2

0.3

m
"
 =

 8
0
0
 G

e
V

1
2
0
0
 G

e
V

1
6
0
0
 G

e
V

2
0
0
0
 G

e
V

m
1/2

 [GeV]

m
0
 -

 2
m

1
/2

 [
G

e
V

]

With coannihilations

tan # = 30, A
0
 = 0 GeV, µ > 0

J. Edsjö, M. Schelke, P. Ullio and P. Gondolo, 2003

Figure 11: The relic density contours (solid lines) for high mass models where chargino coanni-
hilations are important; tanβ = 30, A0 = 0 and µ > 0. In a) coannihilations are not included,
whereas they are included in b). Neutralino mass contours are shown with dashed lines.
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Figure 12: We here show the effect of coannihilations for models where chargino coannihilations
are important; tanβ = 30, µ > 0 and A0 = 0. We show in a) ∆Ω/Ω ≡ (Ωno coann − Ωcoann)/Ωcoann

versus the neutralino mass and in b) the mass splitting between the lightest chargino and the
lightest neutralino versus the neutralino mass.

cosmologically interesting relic densities where the Higgsino fraction increases as we go

up in mass (at the highest masses, it is close to 1). In this case, coannihilations with

the lightest chargino (and the next-to-lightest neutralino(s)) occur and are important. In
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Without coannihilations With coannihilations

In the focus point region coannihilations between 
neutralinos and charginos are important. 



Relic density versus mass and composition

The neutralino is cosmologically interesting for a large range of 
parameter values 

(No sfermion coannihilations in this plot yet)
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The          parameter space
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Relic density routines

• The main routine for SUSY neutralinos is 
dsrdomega that calculates the relic density 
of neutralinos

• However, the relic density routines are 
more general than that and can be used for 
any WIMP with a call to dsrdens.



How to call dsrdens for general WIMPs 

Call
dsrdens(wrate,npart,mgev,dof,nrs,rm,rw,nt,tm,oh2,tf,ierr,iwar)
where you have to supply

wrate - invariant effective annihilation rate (function)
npart - number of coannihilating particles
mgev - mass of these
dof - internal degrees of freedom of these
nrs - number of resonances
rm - mass of resonances
rw - width of resonances
nt - number of thresholds
tm - equivalent mass of thresholds

The routine then returns
oh2 - omega h^2
tf - freeze-out temperature

Note: All this is taken care of 
for neutralinos in dsrdomega


