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EFT & Simplified Models
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EFTs Simplified 
models

eDMEFT
+Model independent


+Good for DD


- Breakdown at LHC

+Better for LHC


+Search for a mediator


- Model dependent


- Gauge-invariant?
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Non-linear Approach
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• To solve the dichotomy, recently the ‘extended Dark Matter Effective Field Theory’ (eDMeft) framework 
was proposed (see T.Alanne et al. Eur. Phys. J. C, 80(5):446, 2020 & T.Alanne et al. JHEP, 10:172, 2020)


• Extended the formalism to two scalar mediators. 

• With non-linear formalism more representation of scalar mediator can be cover

Σ(x) = eiσaϕa(x)/v Σ → eiφa
L(x)σa/2Σe−iφY(x)σ3/2

Goldstone Matrix

DμΣ = ∂μΣ − ig
σa

2
Wa

μΣ + ig′￼Σ
σ3

2
Bμ

SU(2)L × U(1)Y

We work adding under this formalism 3 new fields

χ, S1, S2
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Extended Dark Matter EFT
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ℒ = ℒSM
gauge−ferm +χ̄i∂χ − 𝒪y

2(h, 𝒮1, 𝒮2) χL χR + h . c .

+𝒪λ
5(h, 𝒮1, 𝒮2)

+
v2

4
Tr [(DμΣ)†(DμΣ)] 𝒪κ

3(h, 𝒮1, 𝒮2)

−∑
ϕ

ϕ
16π2 [g′￼2cϕ

B BμνBμν + g2cϕ
WWIμνWI

μν + g2
s cϕ

GGaμνGa
μν]

W+W−ϕ , ZZϕ…

All Scalar interactions

GGϕ, W+W−ϕ

DM coupling to scalars

f̄fϕ

𝒪C
d (h, 𝒮1, 𝒮2) ≡

d

∑
k=0

d−k

∑
j=0

j

∑
i=0

C(k)
i,j−ih

k𝒮i
1𝒮

j−i
2

−
v

2
(ū(i)

L d̄(i)
L ) Σ (

Yu
iju

( j)
R

Yd
ijd

( j)
R ) 𝒪cq

2 (h, 𝒮1, 𝒮2) + ℓ̄(i)
L ΣYℓ

ij ℓ
( j)
R 𝒪cℓ

2 (h, 𝒮1, 𝒮2) +  h.c. 

+i
v2

4
Tr [Σ†(DμΣ)σ3] (∂μh 𝒪s

2(h, 𝒮1, 𝒮2) + ∂μ𝒮1 𝒪s1
2 (h, 𝒮1, 𝒮2) + ∂μ𝒮2 𝒪s2

2 (h, 𝒮1, 𝒮2)) Zϕ1ϕ2…ϕm
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Possible signatures
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Mono-Z Mono-h

 Pair productionτ Mono-jet

EWPO Direct 
DetectionCollider Signatures Relic Density
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Toy Model
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−ℒ ⊃ μ2
Φ |Φ |2 + λΦ |Φ |4 + μ2

S |S |2 + λS |S |4 + λΦS |Φ |2 |S |2 + μ2
aa2

Φ =
G+

(vh + h + iG0)/ 2
, S =

1

2
(vs + s + ia)

−ℒ ⊃ yχsχLSχR + ∑
𝒬

y𝒬S𝒬LS𝒬R +  h.c. 

With heavy chiral quarks 𝒬 = ℬ, 𝒯

ℳs = (
2v2

h λΦ ×
λΦSvhvs 2λSv2

s )
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Toy Model
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h/s

−ℒ ⊃ μ2
Φ |Φ |2 + λΦ |Φ |4 + μ2

S |S |2 + λS |S |4 + λΦS |Φ |2 |S |2 + μ2
aa2

−ℒ ⊃ yχsχLSχR + ∑
𝒬

y𝒬S𝒬LS𝒬R +  h.c. 

D.D. completely match Can mimic mono-h and mono-Z
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Toy Model

−ℒ ⊃ μ2
Φ |Φ |2 + λΦ |Φ |4 + μ2

S |S |2 + λS |S |4 + λΦS |Φ |2 |S |2 + μ2
aa2

−ℒ ⊃ yχsχLSχR + ∑
𝒬

y𝒬S𝒬LS𝒬R +  h.c. 

−∑
ϕ

ϕ
16π2 [g′￼2cϕ

B BμνBμν + g2cϕ
WWIμνWI

μν + g2
s cϕ

GGaμνGa
μν]

Gluon fusion in  operatorD = 5

6
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Relic Density
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EFT vs UV at collider
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χ ≡ (σEFT
pp − σUV

pp )/σUV
pp
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A simplified model
2HDM+Pseudoscalar

• Good compromise between theoretical consistency and predictivity (still limited number of free 
parameters);  

• Benchmark for a large variety of collider studies; 

• Interesting Dark Matter phenomenology.

9

Visible 
Sector

Dark 
Sector

2 Higgs 
Doublet sector

SM Singlet 
Mediator

Mass Mixing

LHC Dark Matter Working Group: Phys. Dark. Univ.  27 (2020) 100351

(see also e.g. M. Bauer et al. JHEP  05 (2017) 138, T. Robens Symmetry 13 (2021) 12, 2341)
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2HDM+P
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V (Φ1, Φ2, a0) = V2HDM (ϕ1, ϕ2) + Vself (a0) + Va0,2HDM (ϕ1, ϕ2, a0)

V2HDM = m2
1ϕ†

1 ϕ1 + m2
2m2

1ϕ†
2 ϕ2−m2

3 (ϕ†
1 ϕ2 + h . c . ) +

1
2

λ1 (ϕ†
1 ϕ1)

2
+

1
2

λ2 (ϕ†
2 ϕ2)

2
+

1
2

λ5 ((ϕ†
1 ϕ2)

2
+ h . c . )

+λ3 (ϕ†
1 ϕ1) (ϕ†

2 ϕ2) + λ4 (ϕ†
1 ϕ2) (ϕ†

2 ϕ1)

Vself (a0) =
1
2

m2
a0

a2
0 +

1
4

λaa4
0

Va0,2HDM (ϕ1, ϕ2, a0) = κ (ia0ϕ†
1 ϕ2 + h . c . ) + λ1Pa2

0ϕ†
1 ϕ1 + λ2Pa2

0ϕ†
2 ϕ2

 symmetry for 2HDM potentialZ2

Φj =
1

2 ( 2 ̂ϕ+
j

vj + ̂ρj + i ̂ηj)  with  j = 1,2



IDM2024David Cabo-Almeida

Mixing and EW Symmetry Breaking
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⟨ϕ1⟩ = v1

⟨ϕ2⟩ = v2

v2

v1
= tan β (ϕ1, ϕ2, a0) (h, a, H, A, H±)

(A0

a0 ) = ( cos θ sin θ
−sin θ cos θ) (A

a) LYuk = ∑
f

mf

v [gHff Hf̄f + ghff hf̄f − igaff af̄γ5 f − igAff Af̄γ5 f]
Mixing and Yukawa sector

gAff = cos θgA0ff

gaff = sin θgA0ff

Alignment limit
α → β −

π
2
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2HDM+P Relic Density
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S1 = A S2 = a S1 = H S2 = a
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Better results for double pseudoscalar setup
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Direct Detection
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Maximum Gap
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See e.g. G. Arcadi et al. Phys. Rev. D, 108(5):055010, 2023 for more detail

Δρ =
αQED (m2

Z)
16π2m2

W (1 − m2
W /m2

Z) [f (m2
H±, m2

H) + c2
θ (f (m2

H±, m2
A) − f (m2

A, m2
H))

+s2
θ (f (m2

H±, m2
P) − f (m2

P, m2
H))]

ΓBSM
h = ∑

ϕ1,ϕ2

Γ (h → ϕ1ϕ2)

EWPO Invisible Higgs

Perturbative unitarity & 
Vacuum stability+ +

S1 = A S2 = a S1 = H S2 = a
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2HDM+P Mono-Higgs
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Conclusions

• We extend eDMEFT to capture more LHC signatures. 

• We compare eDMEFT with simplified models to show the validity. 

• Final Steps: 

• Can we detect if our singlets come from a multiplet?

16
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2HDM+P Possible Mass Gap
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