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The κ-Framework

Ratios with respect to SM couplings:

κi =
gi
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i

[LHC Higgs Cross-Section WG ’13]
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Collider Constraints on κs

Probe these couplings through WBF Higgs pair production.
[Figy et al ’03, Figy et al ’08, Dreyer et al ’18, ATLAS, CMS ]

The WBF signal region is extraordinarily stable and can be
constrained through statistics.
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Collider Constraints on κs

pp → hhjj → bb̄bb̄jj/bb̄τ+τ−jj .
[ATLAS ’15, ’16, ’18, ’23, CMS ’17, ’22]

e+e− → hhe+e−/νe ν̄e → bb̄bb̄e+e−/νe ν̄e .
[Maltoni et al ’18, Chacko et al ’17, Vita et al ’17]

Events were generated in Madgraph, showered in Pythia8.
Objects reconstructed using FastJet with b-tagging efficiency
70%, τ -tagging efficiency 100%.

[Alwall ’14, Bierlich ’22, Cacciari ’11]

Scan over κV and κ2V through HELAS routines (fixed κλ = 1).
[Murayama et al, ’92]

Bins around reconstructed di-Higgs invariant mass (Mhh) and
construct χ2 statistics.

χ2(κV , κ2V ) = (biBSM(κV , κ2V )− biSM)V
−1
ij (bjBSM(κV , κ2V )− bjSM)

Vij = ε2stat.δij + ε2rel.b
i
SMb

j
SM + ε2syst. .
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Collider Constraints on κs
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κV limits from Single Higgs data. [ATLAS Collaboration ’22]

This serves as a motivation to check what signals the myriad of BSM
models have on the κ parameter space!
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Scalar Extensions: Tree-Level

Considering a generic EW scalar sector,

L =
∑
A∈M

|DΦA|2 − V (Φ) .

L ⊃
∑
i

1

2
(∂hi )

2 − V (v , h) +
1

4
g2W+W− [Cijvivj + 2Cijvihj + Cijhihj ]

κV =
Cijvi n̂j

(Cijvivj)
1
2

= (Cij n̂i n̂j)
1
2 cosα , κ2V = Cij n̂i n̂j .

Therefore, κ2V ≥ κ2
V , equal in the alignment limit.
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Scalar Extensions: Tree-Level
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Scalar Extensions: Tree Level
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Comments on κλ

κλ is enhanced in alignment + decoupling limit

In the presence of cubic interactions, κλ is a free
parameter.

In their absence, if ϵa is a small angle denoting mixing
into non-SM Higgses, masses m2

a, looking at the
decoupling limit:

κV ≈1−O(ϵ2)

κ2V ≈1−O(ϵ2)

κλ ≈1− 2
∑

ϵ2a

(
m2

a

m2
h

− 1

4

)
.
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Scalar Extensions: Loop Level

L = |DΦA|2 −m2
φ|ΦA|2 − 2λ|ΦA|2

(
Φ†Φ− v 2

2

)
.

κV ≈ 1− D
λ2v2

96π2m2
φ

κ2V ≈ 1− D
λ2v2

48π2m2
φ

κλ ≈ 1 + D
λ2v2

12π2m2
φ

λv2

m2
h

.

(D = Number of real dofs)
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Composite Higgs Models [Agashe et al ’04, Contino et al ’07]

MCHM4/5

κV =
√

1− ξ

κ2V = 1− 2ξ

κλ =
√

1− ξ (MCHM4)

κλ =
1− 2ξ√
1− ξ

(MCHM5)

(ξ = v2

f 2
, ξ → −ξ,

sin → sinh for hyperbolic)
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All custodial G/H models with compact G have
1− κ2

V , κ
2
V − κ2V ≥ 0.

[Alonso, West ’21]
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Composite Higgs-Dilaton Mixing

L =
g 2
W f 2
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sin2
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(
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)
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[Brugisser et al ’22, Goldberger et al ’07]
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Results

0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4

κV

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

κ
2
V

Real-Singlet Scalar

2 Higgs Doublet Models

Minimal Composite Higgs Models

Hyperbolic Composite Higgs Models

κ2
V = κ2V

Georgi-Machacek Model

Higgs-Dilaton Models

HL-LHC Constraints (3 ab−1)

CLIC (3 TeV) Constraints (5 ab−1)

FCC-hh Constraints (30 ab−1)

Current κV bounds from LHC-data

Projected κV bounds at HL-LHC

SM

Wrishik Naskar (University of Glasgow) SUSY 2023 July 17, 2023 12 / 16



Summary and Conclusions

We have constrained the κV − κ2V parameter space
through WBF-hh production across a myriad of
collider searches.

Motivated phenomenologically important BSM
searches to populate the parameter space.

κλ serves as an independent test, particularly for
renormalisable scalar extensions (significant
enhancement).

Wrishik Naskar (University of Glasgow) SUSY 2023 July 17, 2023 13 / 16



Summary and Conclusions

We have constrained the κV − κ2V parameter space
through WBF-hh production across a myriad of
collider searches.

Motivated phenomenologically important BSM
searches to populate the parameter space.

κλ serves as an independent test, particularly for
renormalisable scalar extensions (significant
enhancement).

Wrishik Naskar (University of Glasgow) SUSY 2023 July 17, 2023 13 / 16



Summary and Conclusions

We have constrained the κV − κ2V parameter space
through WBF-hh production across a myriad of
collider searches.

Motivated phenomenologically important BSM
searches to populate the parameter space.

κλ serves as an independent test, particularly for
renormalisable scalar extensions (significant
enhancement).

Wrishik Naskar (University of Glasgow) SUSY 2023 July 17, 2023 13 / 16



Thank You
Questions?
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Backup Slides
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Beyond Tree-level: RG Evolution of κs

Linearising κs about the SM point (κV = κ2V = κλ = 1):

δκV =κeff
V − 1 ,

δK2V =κ2V − (κeff
V )2 ,

δκλ =κeff
λ − 1 .

The RGE equations (upto O(δκ2) corrections):

16π2 d

d log µ2
δκV =δκV

(
2
m2

h

v2
− 3(m2

W +m2
Z )

2v2

)
+ δK2V

(
3m2

W

v2

)

16π2 d

d logµ2
δK2V =δκV

(
−4

m2
h

v2

)
+ δK2V

(
−3m2

h

2v2
− 40m2

W

3v2

)

16π2 d

d logµ2
δκλ =δκV

(
−27m2

h

2v2
− 9(m2

W +m2
Z )

2v2

)
+ δK2V

(
2m2

h

v2

)
+ δκλ

(
15m2

h

2v2

)
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