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Abstract
We have considered an internally thermalized dark matter(DM) consisting of a real
scalar particle with only gravitational interaction with the standard model (SM) particles.
This DM may undergo 3→2 processes when it is non-relativistic, cannibalizes itself to
cool at much slower rate than standard NR matter. We solve coupled evolution
equations of DM temperature and number density to determine the abundance for different
DM-self couplings. We determine constraints on parameters from CMB power spactrum, BBN
bounds on relativistic species, Lyman-α limits on DM free-streaming length and unitarity
limits on 3 → 2 cross-section. We show that, cannibal DM decoupled from the SM, with
mass around 80 eV to 700 TeV can be a viable candidate satisfying all the constraints
when the initial DM temperature (TDM) lies between TSM/9100 . TDM . TSM/1.1.

The Model and Diagrams

•Our low-energy toy model for a real
scalar cannibal DM,
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Boltzmann Equation & Collision terms
•Equation for the evolution of DM phase-space
density fχ(p, t) :

∂ fχ(p, t)
∂ t

−Hp.∇pfχ(p, t) = C[fχ]

• Integrating over p, equation for DM number
density obtained:
dnχ(t)
dt

+ 3Hnχ(t) = gχ

∫ d3p
(2π)3C[fχ] ≡ C0
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•Define temperature as the average over
|p|2/3E over the distribution fn :

Tχ ≡
gχ
nχ

∫ d3p
(2π)3

|p|2

3E
fχ(p, t).

•Evolution equation for the DM temperature :
dTχ
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•The collision term for temperature evolution by symmetrizing the particle momenta :

C2 = 1
3!2!
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fχ(E4)fχ(E5)− fχ(E1)fχ(E2)fχ(E3)

)

•The DM cannibalizes itself via 3χ→ 2χ process to cool at much slower rate than standard
NR matter.
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Cosmological Constraints : Allowed
parameter space
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•Constraints from the CMB power
spectrum :
Tχ(aLS)
mχ

< 10−5, at TSM(aLS) ∼ 0.26 eV

•Chemical equilibrium and freeze-out
of cannibalism : The region where
3χ→ 2χ freeze-out occurs when DM is still
relativistic :

n2
χ,eq〈σv2〉3χ→2χ = H

∣∣∣∣
Tχ=mχ

•Constraints from BBN : Bound from
the contribution of DM to the effective
number of neutrinos(∆Nν):

ξi ≡
TBBN
Tχ

> 1.07, for Tχ > mχ

•S-matrix unitarity limits : Unitarity
upper bound for thermal average of 3→2
s-wave annihilation rate :

〈σ3→2v
2
rel〉max, s−wave = 8
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•Constraints from Lyman-α : Free
streaming length of the DM upto the
matter-radiation equality :

λFSH = 3MPlT0√
ρR,0

√
x′F

ξFmχ
ln
(
xEQ

xdec

)
where ξF = TSM/Tχ at 3→ 2 decoupling

•Bullet Cluster : DM elastic self
-scattering cross sections can be constrained
using the observations of the bullet cluster :
σ2χ→2χ/mχ <1 cm2/g

Results

• In an internally thermalized sector, cannibal DM decoupled from the SM
can be a viable possibility, consistent with all present cosmological
constraints

•The CMB matter power spectrum and the requirement of chemical
equilibrium when the DM is nonrelativistic leads to the strongest constraint
on cannibal DM

•The availability of parameter space for a cannibal DM candidate leads to a
lower bound on DM couplings with inflaton. In our case, µ . 10−9mχ for
λ = 0.1.

•Depending upon the DM self-couplings, DM mass of around 80 eV to 700
TeV can make up observed DM density with TSM/9100 . TDM . TSM/1.1.
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