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What is the Universe made of ?
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Introduction

95 % of the Matter-Energy budget of the Universe 
is UNKNOWN

~84 % of the Matter Content is made of Dark Matter

In this talk : 
Could the Dark Matter be made of

New Scalar particles ?
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Focus on WIMPs
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Introduction

Weakly Interacting Massive Particles

WIMP relic abundance is driven by :

Freeze-out mechanism :
 Ωh2 ∝ 1/〈σv〉

Cosmo observations (Ωh2 ∼ 0.11) can
be interpreted as

〈σv〉 ∼ 3 10−26 cm3/s

 target value for detection experiments
looking for annihilation products of WIMPs

Laura Lopez Honorez (TENA-VUB) Scalar DM 23 5 / 19



Introduction

Weakly Interacting Massive Particles

WIMP relic abundance is driven by :

Freeze-out mechanism :
 Ωh2 ∝ 1/〈σv〉

Cosmo observations (Ωh2 ∼ 0.11) can
be interpreted as

〈σv〉 ∼ 3 10−26 cm3/s

 target value for detection experiments
looking for annihilation products of WIMPs

Laura Lopez Honorez (TENA-VUB) Scalar DM 23 5 / 19



Introduction

WIMP tests

Laura Lopez Honorez (TENA-VUB) Scalar DM 23 6 / 19



Introduction

WIMP tests

Laura Lopez Honorez (TENA-VUB) Scalar DM 23 6 / 19



Introduction

WIMP tests

Laura Lopez Honorez (TENA-VUB) Scalar DM 23 6 / 19



Introduction

Worked Examples with SMS Portal

(H†H)- dark sector operators drive the SM-DM interactions
[ Silveira & Zee’85 ; McDonald’94 ; Burgess, Pospelov& ter Veldhuis’00 ; Patt & Wilczek’06 ; Barger et al’08 ; Andreas, Hambye, Tytgat’08,...]
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Scalar Singlet of SU(2)L× U(1)
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Introduction

SMS portal with singlet scalar DM

DM = SM singlet scalar S :
DM stability : Z2 symmetry

sms-DM interactions : λSS2(H†H)
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L ⊃ −λ v h SS

Constraints from Colliders : restricted Γ(h→ SS)

from Direct detection from Indirect detection & CMB
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Scalar n-plet of SU(2)L× U(1)
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Introduction

Scalar DM model

Extra n-uplet case (n > 2) :

only one coupling to the Higgs λ3|H1|2|Hn|2
no mass splittings between H0

n and H±(...±)n

 multi-TeV range viable only

Particular case : n = 2 ≡ IDM

three couplings to the Higgs.
non zero mass splittings :

H2 =

(
iH+

(H0−iA0)√
2

)
H1 =

(
0

(h+v0)√
2

)

 viable mass ranges mH0 ∼ GeV-TeV range

We will refer to H0 − h coupling as λH0 = λL

Free parameters : mH0 , λL,∆mA0 ,∆mH+

mχ2 = µ2
2 + λχv2

0

.

M 2

µ2
2

H+

H0

A0

∝ λ5

∝ λ4 + λ5

λHc ≡ λ3/2
λH0,A0 ≡ (λ3 + λ4 ± λ5)/2
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Introduction

Inert doublet model parameter space

mH0 ∼< mW : GeV range

H0H0 → h∗ → f̄ f and H0A0 → Z∗ → f̄ f
Barbieri PRD06, LLH JCAP06,Gustafsson PRL07, Cao PRD07, Andreas JCAP08,...

Significantly affected by 3bdy annihilation :
H0H0 → WW∗ → Wf̄ f ′ LLH & Yaguna JHEP10

Above W-threshold : cancellations

H0H0 → WW vs H0H0→ h→WW LLH & Yaguna JCAP11

LARGE MASS GAP DUE TO EFFICIENT
WW AND ZZ ANNIHILATION

mH0 � mW : TeV range
H0H0 → ZZ,WW, hh and coannihil into bosons
Cirelli NPB06, Hambye, Ling,LLH & Rocher JHEP09
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Introduction

Inert doublet model : viable parameter space

  

[Gustafsson, Rydbeck,LLH,Lundstrom PRD’12]
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Cancellat°

Singlet DM like

Gap due to 
strong WW
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Introduction

Inert doublet model : viable parameter space

  

Cancellat°

Singlet DM like

 h Resonance
+Coannihilat°
+WW* ann.

Gap due to 
strong WW
Annihilat°

[Gustafsson, Rydbeck,LLH,Lundstrom PRD’12]
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IDM

Loop Corrections in the IDM
based on : arXiv :1302.1657, Yaguna et al.
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IDM

Important loop corrections due to gauge processes
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IDM

Effect on Spin Independent scattering cross-section
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conclusion

Conclusion

Cosmo : Compiling cosmological probes tell us that 95% of the Universe
content is unknown. Dark matter would make 84% of the matter content but its
true nature still obscure.

Particle : Up to now no convincing evidence for a given given candidate BUT
DM searches are now seriously digging into the viable WIMP DM parameter
space.

SMS portal a worked example :

Low mass dark matter (5 ∼< mDM ∼< 40 GeV) is now excluded by the
combination of Direct, Indirect and Collider searches
Middle mass regime (40 ∼< mDM ∼< 100 GeV) is seriously threatened by
direct detection searches a part for resonant annihilation or coannihilations
Large mass regime will be tested up to ∼ TeV range by future Direct
detection experiments
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conclusion

Thank you for your attention ! ! !
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Backup

Backup
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Detection

Detection & Constraints
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Detection

spectral features with Bremsstrahlung (Garcia-Cely ’13)
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Detection

Gamma ray lines in the IDM
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Detection
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Detection

Latest analysis of the IDM- Tsai ’13
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Detection

Making use of dark matter annihilation

DM annihilation driving the relic
abundance also give rize to
γ, ν, p±, e± production that is
constrained :

today by Indirect detection searches :
 Among the latter Fermi-Lat limits for gamma rays from dwarf
spheroidal galaxies are the most constraining

at early times (z=1000) by CMB :
 Energy losses in the IGM at epoch of recombination
 affects recombination history
 impact on CMB anisotropy spectrum at high multipoles.
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Detection

Making use of dark matter annihilation

Constraints from CMB

upper bounds using
WMAP9+SPT/ACT 12+HST+BAO
[LLH, Mena, Palomares-Ruiz, Vincent ’13]

Constraints from Fermi-Lat

upper bound using 20 dwarfs and 200
MeV-100 GeV gamma rays

[ Fermi-LAT Collaboration PRL ’13]
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Detection

Direct Detection

Upper bound on the DM scattering cross-section on
Nucleons in Underground detectors

[Akerib et al ’13]
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Detection

Axion DM (courtesy J. Redondo)
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Detection

DM impact on CMB
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Detection

DM impact on CMB

courtesy
of A. Vincent
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Detection
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Detection

This is really the end
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