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…of my talk: …of the Standard Model:

DM
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extended 
scalar 
sectors ?

?



leading operators:
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Generalised HEFT

extended 
scalar 
sectors ?

Framework:

for connection to DM, see

Higgs, new (light) scalar

EW Goldstone bosons 
in Goldstone matrix

HEFT  SMEFT⊃

2411.05914 Arcadi, Cabo-Almeida,  
Fabian, Goertz

W, Z

quarks
leptons

W, Z, , gγ

non-linearly realised EW symmetry



Step-By-Step Guide

let LHC find 
signal

model-independent 
best-fit

generalised HEFT preferred hierarchy 
of coefficients
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hints about at which 
order operators should 

arise

SU(2) nature



Step-By-Step Guide

let LHC find 
signal

your favourite 
models

model-independent 
best-fit

identify 
operator scaling

„naturalness region“

constrain 
models!

generalised HEFT

generalised HEFT

preferred hierarchy 
of coefficients

hints about at which 
order operators should 

arise

SU(2) nature
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ΛNP



95 GeV Resonance

• di-tau 


• di-bottom 


• di-photon 

μττ = 1.22+0.62
−0.48

μbb = 0.117 ± 0.06

μγγ = 0.24+0.09
−0.08
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2208.02717

1612.08522

1811.08459

signal strength 

μ =
σnew
σSM

×
BRnew
BRSM

Toy 

Example:

in analysis:  
consider 90% C.L. (1.64 ) to avoid compatibility with 0 σ



Best Fit
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we consider: 
tree-level processes 
loop-decay into  
off-shell decay into  

production dominated by gluon fusion

W, Z, g, γ
WW*, ZZ* preliminary

di-photon channel:  
VBF, VH included χ2 = 5.1

 FeynRules + Djouabi (2005)

• scale-dependence absorbed into 
coefficients  no assumptions 
during analysis!


• universal fermion coupling  vs 
gauge boson coupling 


• best fit for   0.4 and   6.1 
(but at 90% C.L. compatible with  

  0)

→

c̃f
c̃κ

c̃f ∼ c̃κ ∼

c̃κ →



Scaling Examples
SINGLET 

 
 
+ loops


λ
S
Λ

× (ℒSM
yuk + ℒSM

gauge)
DOUBLET 

Yukawa  
 
+ loops

λ × ySM fLSfR

TRIPLET 

Yukawa  
 
+ loops

λ
v
Λ

× ySM fLSfR
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 parameter 
: NP scale

λ ∼ 𝒪(1)
Λ

2 ⊗ 2 = 3 ⊕ 1
fLH

dim-4dim-5 dim-5




 


 

c̃κ ∼ λ
v
Λ

c̃f ∼ λ
v
Λ

c̃X ∼
λ

16π2

1
Λ



 


 

c̃κ = 0
c̃f ∼ λ
c̃X = 0




 


 

c̃κ = 0
c̃f ∼ λ

v
Λ

c̃X = 0

processes with  
one S decaying

processes with  
one S decaying

for simplicity & clarity: 
no vevs, no mixings

W, Z

quarks
leptons

W, Z, γ, g

(for now )→ 0

(absorption of factors of v  
into coefficients to make them  
dimensionless)



„Naturalness Regions“

• if singlet or triplet: low  preferred


• non-universal fermion coupling preferred


• doublet better fit than triplet 


• no need to redo best fit for each model 
variation!

ΛNP
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: NP scale

λ ∈ [1/3,3]
Λ

preliminary
90% C.L. (1.64 )σ

χ2 = 5.1

χ2 = 2.5 χ2 = 2.5κ = 0 κ = 1.5



Potentially Interesting Collider Signals

-pair productionτ di-boson resonance

probes interplay of coupling  
to fermions and gauge bosons

probes couplings to fermions 
& fairly clean signal probes couplings to gauge bosons
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+ -loop productionq
+ -loop productionq

Outlook to Other Masses

decay into photons



Outlook: other masses
-pair productionτ

di-boson resonance

decay into photons

random scan:

 

 
10 000 parameter pts 
 
lines  

λi ∈ [1/3,3]
M ∈ [100,1000] GeV

=̂ λi = 1preliminary

• for low masses: if  dominates over  : field unlikely to be a doublet / triplet


• for high masses: if  or  dominate over  : field unlikely to be singlet

S → WW S → ττ

S → ττ S → γγ S → WW
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Conclusion & Outlook
• consistent + LHC-friendly


• model-independent analysis possible


• can constrain possible models


• employ symmetries + power counting 
to understand SU(2) nature of new 
scalar


• next: check effect of higher dimensional 
operators
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wait for LHC to find 
nice signal

model-independent 
best-fit

generalised  
HEFT

preferred hierarchy 
of coefficients

identify / build model  
that fits!

Questio
ns?

generalised  
HEFT



Back-Up Slides
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 for non-universal fermion couplingχ2

κ = 0 κ = 6.1 (motivated from best-fit)
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χ2 = 0.8χ2 = 2.5



Effect of FST term

 mainly relevant for decay 
into two photons
→

 
2 TeV

λ = 1
Λ =
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SM Comparison

γγ

WW

ττ

tt

bb

ZZ

Zγ

50 100 500 1000

10-6

0.001

1
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Br
(S

-
>

X
X
)

SM
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around  GeV:


destructive interference  
between top and W loop 
for 

mH ∼ 650

H → γγ



Branching Ratios
-pair productionτ

di-boson resonance

decay into photons

random scan:

 

 
10 000 parameter pts 
 
lines  

λi ∈ [1/3,3]
M ∈ [100,1000] GeV

=̂ λi = 1preliminary

• coupling to FST  lifts destructive interference between top and W loop for decay into photons


• expect decay into gauge bosons to dominate if new scalar has large mass

→
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Contributions to decays
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-pair productionτ
di-boson resonance

decay into photons



Coupling Range
• couplings can be a priori positive or 

negative


• but: signal strength symmetric 
up to negligible effects


•   focus on absolute value for couplings


• largest coupling for analysis: 4  
smallest coupling: 0 
(in log-scale ,  
if dim 5   TeV)

→

π

10−5

⇒ ΛUV = 104
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