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§  Simplest models of WIMP DM are either significantly 
constrained or entirely ruled out 

§  The SM is complicated why shouldn’t Dark Sector also be 
complicated? 
•   Dark strong sector, leptophilic, multiple DM species… 

•  What are the phenomenological implications of  multi-
species DM? 

•  Study the Hidden SU(3) model or Arcadi et al  [1611.00365] 

•  Has 4-7 DM species consisting of scalar and vector DM 
•  Can achieve the correct relic abundance 
•  Find some species can be observed in direct detection 

while others in indirect detection   
•  the measurements complement each other 

Overview 
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Coupled Boltzmann Equations 
Based on K.R. Dienes, F. Huang, and B. Thomas  

terms of the photon temperature T [42]. g!S represents the
number of interacting d.o.f. in the thermal bath, which can
be found by rewriting Eq. (11) as

g!S ¼
45

2π2T4
ðρ þ pÞ: ð12Þ

Yi is the actual number per comoving volume, and Yeq
i is

the equilibrium number per comoving volume. In addition,
we rescale the Hubble constantHðTÞ ¼ HðmÞ=x2 with x ¼
m=T where m is any convenient mass scale [42], which we
will take to be the mass of the heaviest stable DM particle.
In the radiation dominated epoch, HðmÞ is given by [42]

HðmÞ ¼ 2π3=2ffiffiffiffiffi
45

p g1=2! m2

mPl
; ð13Þ

where mPl is the Planck mass and g! represents the total
number of effectively massless d.o.f. and is given by

g! ¼
30ρR
π2T4

; ð14Þ

where ρR is the total energy density of all species in
equilibrium. Expressions for ρR, g!S, and g! can be found in
the work by Kolb and Turner [42]. In computing g! and g!S,
we used the Fermi-Dirac or Bose-Einstein distributions as
appropriate in the sum. For the region around the QCD
phase transition, the correct d.o.f. become ambiguous and
require lattice QCD to compute. We use the values found in
Ref. [45] for this region.
With these substitutions, Eq. (4) is recast as
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III. SIMPLE MULTICOMPONENT DM
SCENARIOS

Before proceeding to the hidden gauged SU(3) DM
model, we start by exploring the relic abundance of two
simplified multispecies DM scenarios. Models with multi-
ple species and different types of interactions can be
complicated. Deconstructing how the different terms in
Eq. (15) affect the number densities can give us insight into
the coupled Boltzmann equations and help us understand
which terms are important and which ones can be
neglected. Both of the scenarios initially consist of multiple
DM species freezing out by only self-annihilating into
Standard Model (SM) particles. We then add additional
interactions between the DM species and observe the
effects. Finally, we include all interactions that would be
present due to crossing symmetry to obtain the final result.
We assume that the thermally averaged cross sections for

all interactions are s-wave, and thus independent of speed,
and use the approximation hσvi ¼ 0.1 pb for all the
interactions. In a particular model, these cross sections
would not necessarily be equal, but this assumption is
reasonable for the purpose of exploring the behavior of
Eq. (15) for simplified scenarios. In all cases, we assume
that the SM particles are in thermal equilibrium with the
photon bath and treat them as relativistic with the appro-
priate d.o.f. Plots of the DM number per comoving volume
vs x ¼ m=T are shown in Figs. 1 and 2, where we takem to
be the mass of the heaviest stable DM particle.
In all cases, the solid curves represent the equilibrium

number densities; the dashed lines represent the scenarios
with only self-annihilation to SM particles, which we label
as the “base”; the lines with a combination of dashes and
dots include the base interactions and a single additional
interaction, ignoring the contributions from crossing sym-
metry; and finally the dotted lines show the results when all
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Follow K.R. Dienes, F. Huang, and B. Thomas to generalize Kolb  and Turner 
to arbitrary number of DM species but to simplify take  2è2 and 1è2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Where                     and  
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§  vector and scalar dark matter: 
•  gauged SU(3) broken by two complex scalar triplets: Φ1 

and Φ2 so all gauge bosons have mass 
•  Z2 symmetry Φ1è-Φ1 and Φ2èΦ2 so only even powers 

of scalar triplets in Lagrangian 

The Hidden Gauged SU(3) Model 
Arcadi et al, JHEP 12, 081 (2016) [1611.00365] 
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§  The scalar doublet and triplets in the unitary gauge:  

 
 where 

 
§  Three mixing angles to go to mass eigenstates  

•  for θ2 small can define effective mixing angle θ=θ1+θ3 which 
mixes h and φ2 

•  θ is small from Higg properties 

The Hidden Gauged SU(3) Model 
Arcadi et al, JHEP 12, 081 (2016) 
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§  only the A3 and A8 vector bosons mix: 

 
§  A3 is the lightest and A8 among the heaviest vector bosons 

§  Model has 3 global Z2 symmetries 
§  From the symmetries and masses there will be a minimum 

of 4 stable DM species and a maximum of 7  
 
 

The Hidden Gauged SU(3) Model 
Arcadi et al, JHEP 12, 081 (2016) 



29th International Symposium on Lepton Photon Interactions at High Energies,   Aug 6, 2019 7 

Apply the usual theoretical constraints on the 
parameters: 

§  Partial wave unitarity 
§  Scalar potential bounded from below 
§  Avoiding alternative minima 

Theoretical Constraints  
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The model has too many parameters to scan parameter space 
§  11 parameters in the Lagrangian +SU(3) gauge coupling 
§  Some fixed by standard model 

Instead pick benchmark points and vary mass of 1 DM species 
A – DM annihilates to SM via Higgs resonance 
B – DM where no resonance occurs 
C – point with 7 stable DM particles 

 

Examine 3 benchmark points 
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§  fix gauge coupling to give relic abundance ΩCDMh2=0.1186±0.002 

A B 

C 

DM relic abundance                                   
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§  Use XENON1T results  [1805.12562] 

§  Because multiple DM species need to calculate predicted 
number of events per species and sum (Dienes et al [1208.0336]) 

 

§  Where                  and 

•  integrate over the energy range  (4.9-40.9 keV)  
•  multiply by efficiency factor (89%) 

•  take into account exposure (1.0 ton-year) 

•  Limit on rate is 1.58 x 10-4 kg-1 day-1 

 
                                                                          

DM direct detection                                  
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§  The scalar DM, χ and H,  interacts with nucleons weakly  
§  because the scalar-h1 coupling is small  
§  and h3 interacts with nucleons via its SM Higgs component 

§  When the DM is mainly scalar it is weakly constrained by 
direct detection 

DM direct detection                                  

and 
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§  Compare to Fermi-LAT results for: [1503.02641] 
                                                                   final   states 
§  Only the W+W- final state provides useful constraints 
§  Translate into bounds by comparing 

DM indirect detection                                  



29th International Symposium on Lepton Photon Interactions at High Energies,   Aug 6, 2019 13 

Direct versus indirect 

§  Direct detection dominated by vector DM: 

§  Indirect detection dominated by scalar DM: 

§  Searches complement each other 
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§  Studied DM sector with multiple vector and scalar DM species 
§  Used coupled Boltzmann equations to calculate relic 

abundance for arbitrary number of DM species 
Hidden SU(3) model of Arcadi et al  
§  Studied 3 benchmark points with 4 and 7 DM species 

§  Important to include all particles in freeze-out calculations 
§  Studied DM in direct and indirect detection measurements 

§  vector particles best constrained by direct detection 
§  scalars best constrained by indirect detection 

§  A reminder of the need for complementary measurements 
§  Possible to get correct relic abundance but not be able to find 

 

Summary 
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Backup: Scalar states 



29th International Symposium on Lepton Photon Interactions at High Energies,   Aug 6, 2019 16 

Backup:  Vector States 
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Backup:  Z2
  symmetries 
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Backup:  Vector fraction of DM 


