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In this talk
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• Including a heavy scalar resonance coupled to the top sector using an 

effective model


• Include ingredients usually present including a dimension-five operator


• Examine at experiment to derive constraints (and find large parts 

testable at current and future experiment)


Cornell, A.S., Deandrea, A., Flacke, T., Fuks, B. and Mason, L. Contact interactions and top-philic scalar dark matter. J. High Energ. 
Phys. 2021, 26 (2021). https://doi.org/10.1007/JHEP07(2021)026
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Background
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Composite Higgs models: 


• High scale fundamental gauge dynamics + new strong sector 


• Higgs is a bound state of fermions (but not the ones we already know)


• Higgs accompanied by light states generated by same dynamics


• First signs of compositeness?


• Compositeness at current and next generation of colliders?


• Address apparent hierarchy in fundamental scales and.. dark matter?


u u
d
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Dark matter: relic density
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• The universe is ~25% dark matter, ~70% dark energy, ~5% ordinary baryonic matter


• Observed DM density, or relic density, is a constant


• Cold non-baryonic candidates strongly constrained by  (~ 

annihilation cross section SS > xx)


ΩDMh2 = 0.1186 ± 0.0020
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Dark matter and composite Higgs models
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• Dark matter appears often in composite 

Higgs models as a pNGB


• Instead, imagine it as a heavy bound state


Λ
Bound states

Free fermions

Energy

h, a, η . . .

ψ, χ

Usual EWSB
~200 GeV

S, T . . ? Heavy

Light

Recall:
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Our setup

•  annihilation dominates


• Heavy fermonic mediator, 

SS → tt̄

mS < mT

S

S

T

t

t

• Could S, T emerge as heavy resonances in 

a CH model?


• 
200 GeV ≲ mS ≲ 3 TeV

Extension of 1804.05068 (Colucci, Fuks, 
Giacchino, Lopez Honorez, Tytgat, 
Vandecasteele)

• Featuring S, T both heavy, NLO is NB
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Our setup

• Addition of generic dim-5 operator with 

 Wilson coefficient


• Contact term competes with Yukawa 

term in annihilation


• Modification of the relic density

𝒪(1)
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C
Λ

≈ f(mS, mT, ỹt) =
1

A(mS)
b′ − B(mS, mT)(ỹt − α [βγ

mS
Λ ]

r)
4

⟨σv⟩ = ⟨σv⟩NLO + ⟨σv⟩SStt
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Parameter interplay 

mS = 520 GeV, r = 1.01
mS = 932 GeV, r = 1.01
mS = 683 GeV, r = 1.01
mS = 683 GeV, r = 0.94
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See 2104.12795 for more on fit
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Coannihilations

• Define 


• When S and T get close in mass, the coannihilations of 
T with S are no longer negligible ( )

r = mT /mS − 1

r ≤ 0.8

f(682.6, 894.2, ỹ )

f(682.6, 894.2, y
˜

- 0.06)

data
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Direct detection

• Scattering off atomic nuclei: DM gluon interactions


• (top quark absent from nucleus!)

ℒ = Cg
S 𝒪g

S = Cg
S

αs

π
S2GμνGμν

S S

g g

t
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Direct detection
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• Identify over/under-abundant areas of parameter space

• Also indirect detection.. see paper
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σtt̄SS(MT, MS) = σ0
tt̄SS(MT, MS) +

C
Λ

̂σ int
tt̄SS(MT, MS) +

C2

Λ2
̂σdim5
tt̄SS (MS)

Collider signatures                                can be probed using existing DM searches focusing on 
the mono-jet / multi-jet / ttbar + MET signatures

Mono-jet New!ttSS

Recasting previous ATLAS and CMS analyses using MadAnalysis5

12

Collider: pp → tt̄SS
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Collider: Madanalysis5 recasting

• Multi-jet: ATLAS_CONF_2019_040 (  hard jets + , 139 )


• ttbar + MET: CMS_SUS_17_001 (  + , 35.9 )


• Additional operator yields no significant modification


≥ 2 p miss
T fb−1

ℓ+ℓ− p miss
T fb−1

Re scaling: see 1910.11418 (Araz, Frank, Fuks)

13
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Exclusions

• Complementarity of collider constraints with 

astrophysical ones (more affected by the contact 

term)

• LHC bounds due to extrapolation to full Run-2


• Larger luminosities hold even more potential


• Wilson coefficient dep. on underlying theory, but 

collider immune

14
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Adding an additional heavy fermion

• How to make contact with a fundamental model?


• Top partner  : standard inclusion within a composite modelT′ 

S

S

T 0

T

T

S

S

T

T 0

T 0

S

S

T

t

T 0
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A top partner
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• Collider constraints: current bounds on top partner sit at , not expected to be 

modified here (recall collider bounds)


• We will rely only on direct detection modification of bounds


• Currently being extended!

1.3 TeV

• Direct detection prospects

• TP contributes to SS annihilations only when 2mS ≥ mT′ + mt
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THANK YOU
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Simulation ecosystem

User inputs    Lagrangian

MadGraph5_aMC:


Matrix element 
generation 

Cross sections

micrOMEGAS:


Relic density 

simulations

FeynRules + Mathematica:


Feynman rules + Feynman 
diagrams

FeynRules/FeynArts/FormCalc/
CalcHEP:


UFO: set of particles/parameters/
vertices/couplings

Colour structures and Lorentz vertices

Pythia8:   Parton showering

Delphes: 


Detector simulation

Madanalysis5

Mathematica

Analysis

Collider

Astro
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Just for completeness..
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• The Boltzmann equation is generalised to a 
set of coupled equations


σeff(x) = σSS + σST
gSgT

g2
eff ( mT

mS )
3/2

exp[ − x r]

Coannihilations

s(m ,m ) = 0.4 0.003
data
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Λ ]
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4

20



Top-philic scalar dark matter in a composite theory                                                                                  Lara MASON | May 2022

• Mono-jet: ATLAS_EXOT_2016_27 (energetic jet and large 

missing momentum, 36.1 )


• Shown previously to have minimal contribution. 

fb−1

Collider: Madanalysis5 recasting

g

g
Sg

S

T

T

t

T̄
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Collider bounds
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