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1.  SM, SMEFT and HEFT 

2.  𝑊𝐿𝑊𝐿 →  𝑛 × ℎ VBS: theory predictions

3.  𝑊𝐿𝑊𝐿 →  𝑛 × ℎ VBS: SMEFT pheno suppression 

Outline
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• SM:

• SMEFT:

• HEFT 
( = EWChL = EWET )

- Complex doublet H
- Renormalizable (canonical dim. 𝐷 ≤ 4)   

ℒ𝑆𝑀 =  ℒ𝐷≤4

- Complex doublet H around H=0
- Non-renormalizable (canonical dim. expan.)

ℒ𝑆𝑀𝐸𝐹𝑇 = ℒ𝑆𝑀
(𝐷≤4)

 +  σ𝐷>4
𝑐𝑖

(𝐷)

Λ𝐷−4  𝑂𝑖
(𝐷)

- 3 EW Goldstones + 1 singlet Higgs h (indep.)
- Non-renormalizable (chiral expan.) 

ℒ𝐻𝐸𝐹𝑇 = ℒ𝑝2 +  ℒ𝑝4 + … [w/ ℒ𝑆𝑀 ⊂ ℒ𝑝2 ]
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[by Felipe J. Llanes-Estrada]

(x) See, e.g., Alonso,Jenkins,Manohar, PLB 754 (2016) 335-342; PLB 756 (2016) 358-364; JHEP 08 (2016) 101; Cohen,Craig,Lu,Sutherland, JHEP 03 (2021) 237; JHEP 12 (2021) 003; 

Brivio,Corbett,Éboli,Gavela,González-Fraile,González-García,Merlo,Rigolin, JHEP 03 (2014) 024; Agrawal,Saha,Xu,Yu,Yuan, PRD 101 (2020) 7, 075023; Gómez-Ambrosio,Llanes-

Estrada,Salas-Bernárdez,SC, PRD 106 (2022) 5, 5; Commun.Theor.Phys. 75 (2023) 9, 095202; Dawson,Fontes,Quezada-Calonge,SC, 2311.16897 [hep-ph]; PRD 108 (2023) 5, 055034; 

Arco,Domenech,Herrero,Morales, PRD 108 (2023) 9, 095013; 
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• Relevant HEFT Lagrangian at LO, O(p2) in this work *:

w/ the SU(2)-singlet “Flare” function,

• Non-linear Goldstone realization:

Other notation: 𝜿𝑽 ≡ 𝑎 ≡ 𝑎1/2 ,   𝜿𝟐𝑽 ≡ 𝑏 ≡ 𝑎2

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

- kinematics well over 𝑊𝑊 threshold: 𝑠 ≫ 𝑚𝑊
2 ~𝑚ℎ

2

- Mass corrections neglected
- Chiral LO: only 𝑂(𝜕2) derivative operators
- Equivalence theorem appr.: 𝑊𝐿  ≈  𝜔

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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• SMEFT correlations among the Higgs couplings:

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

* Gómez-Ambrosio,Llanes-Estrada,Salas-Bernárdez,SC, 

PRD 106 (2022) 5, 5; Commun.Theor.Phys. 75 (2023) 9, 095202 (x) Custodial breaking still keeps this structure: 

See Domenech,Herrero,Morales,Salas-Bernárdez,  2506.21716 [hep-ph] 

SMEFT:  𝜔𝜔 → 2ℎ, 3ℎ, 4ℎ …
multi-H VERTEX suppression

𝑎5 , 𝑎6 are also obtained at D=8.     *
The remaining 𝑎𝑛 vanish for 𝑛 ≥ 7

at 1/Λ4 order . 

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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SM

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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𝟏/𝚲𝟐

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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Data from CMS-PAS-HIG-23-006:

This SMEFT (D=6) line 
is actually a hyper-line 

in the (𝑎1, 𝑎2, 𝑎3, 𝑎4) space

[ ො𝑎2 = 0 is the line with vanishing𝜔𝜔 → ℎℎ scattering ]



Predictions for multiple Higgs production: comparing HEFT and SMEFT                     11 / 26 J.J. Sanz-Cillero (UCM & IPARCOS)

• Relevant combination:

• Pure s-wave (J=0) ➔ critical angular information
* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037 (x) Gonzalez-Lopez,Herrero,Martinez-Suarez, EPJ C 81 (2021) 3, 260

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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(a)

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037 * Anisha, Atkinson, Bhardwaj, Englert, Stylianou, JHEP 10 (2022) 172

Also previous theoretical 
2h-production for LHC* 
noted important correlations 
between 𝜅𝑉 , 𝜅2𝑉

The equivalence theorem 
approximations in this work
seem to be in agreement
with hh-production data

Indications that we might be 
O(10%) close to the SM
in (𝑎, 𝑏)

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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* Anisha, Atkinson, Bhardwaj, Englert, Stylianou, JHEP 10 (2022) 172

• Also previous and posterious 

theoretical hh-production

simulations for LHC* 

noted an important correlation 

between (𝑎, 𝑏)

** Domenech,García-Mir,Herrero, 

2507.20988 [hep-ph]  
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• Relevant combination:

• Pure s-wave (J=0) ➔ critical angular information

(*) Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037
(*) 1 loop: Sara Martellini, Master Thesis 2025; Martellini,Nasoni,SC, forthcoming 

++ MCHM:  Contino,Grojean,Pappadopulo,Rattazzi,Thamm, 

JHEP 02 (2014) 006   

** LHC analysis:  Anisha,Domenech,Englert,Herrero,Morales, 

PRD 111 (2025) 5, 055004

Already in consideration 

for future analyses: 

V. Brigljevic et al., 

“HHH Whitepaper” 

2407.03015 [hep-ph]

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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• Relevant 
combination:

• Almost s-wave (J=0) [𝜒1 = −0.12,  𝜒2 = 0.019]      ➔ critical angular information

1-crossed-propagator
dimensionless angular function

[BACKUP SLIDES]

[exactly same combination as in 𝜔𝜔 → 2ℎ]

[link]

numerical integration constants 𝝌𝟏,𝟐: MaMuPaXS [link]

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

https://github.com/mamupaxs/mamupaxs
https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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• SMEFTHEFT relations for the relevant combinations:

• Multi-Higgs fine-tuned suppression in SMEFT

SMEFT theory:  𝜔𝜔 → 2ℎ, 3ℎ, 4ℎ … suppression

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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• SMEFTHEFT relations for the relevant combinations:

• Multi-Higgs fine-tuned suppression in SMEFT

SMEFT theory:  𝜔𝜔 → 2ℎ, 3ℎ, 4ℎ … suppression

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

𝟏/𝚲𝟐

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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• SMEFTHEFT relations for the relevant combinations:

• Multi-Higgs fine-tuned suppression in SMEFT

SMEFT theory:  𝜔𝜔 → 2ℎ, 3ℎ, 4ℎ … suppression

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

𝟏/𝚲𝟒

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159


Predictions for multiple Higgs production: comparing HEFT and SMEFT                     19 / 26 J.J. Sanz-Cillero (UCM & IPARCOS)

SMEFT pheno:  𝜔𝜔 → 2ℎ, 3ℎ, 4ℎ … suppression

• 𝜔𝜔 → 2ℎ

Data from CMS-PAS-HIG-23-006:
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SM  a3

𝑠 = 1 𝑇𝑒𝑉

SMEFT pheno:  𝜔𝜔 → 2ℎ, 3ℎ, 4ℎ … suppression

• 𝜔𝜔 → 3ℎ

(*) Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037
(*) 1 loop: Sara Martellini, Master Thesis 2025; Martellini,Nasoni,SC, forthcoming 

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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𝑠 = 1 𝑇𝑒𝑉

SM  a4

SMEFT pheno:  𝜔𝜔 → 2ℎ, 3ℎ, 4ℎ … suppression

• 𝜔𝜔 → 4ℎ

(*) Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037
(*) 1 loop: Sara Martellini, Master Thesis 2025; Martellini,Nasoni,SC, forthcoming 

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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+ ...

SMEFT

(*) Gómez-Ambrosio,Llanes-Estrada,Salas-Bernárdez,SC, PRD 106 (2022) 5, 5; Commun.Theor.Phys. 75 (2023) 9, 095202. 

SMEFT theory: other correlations – Yukawa’s 
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MA > MV ≳ 10 TeV (1st and 2nd WSR, 95% CL)

1st + 2nd WSR

Only 1st WSR Only 1st WSR Only 1st WSR

MA = 1.2 MV
MA = MV MA = 1.5 MV

S = -0.05 ± 0.07 * T = 0.00 ± 0.06*

W=1.023 ± 0.026 *

MA > MV ≳ 2 TeV (only the 1st WSR, 95% CL)

* PDG ’24

(*) Pich, Rosell,SC, PRD 112 (2025) 3, 035009

O
n

ly
 

1
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1
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Resonances hidden from LHC?

• Study of the oblique (S,T) parameters: 

https://pdglive.lbl.gov/Viewer.action
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Conclusions
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•  𝐒𝐌𝐄𝐅𝐓 ⟹ - Difficult to observe 𝑾𝑳𝑾𝑳 → 𝟐𝒉

- Difficult to observe a BSM excess 

- Impossible for 𝑾𝑳𝑾𝑳 → 𝟑𝒉, 𝟒𝒉

Far too few events predicted, even in best cases,  

even w/ best collider,  highest energy,  and highest luminosity 

( 𝑊𝐿𝑊𝐿 → 3ℎ, 4ℎ hard sub-process cross sections are 3 and 5 orders of magnitude smaller than 𝑊𝐿𝑊𝐿 → 2ℎ )
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•  Some claim SMEFT is the only natural option

         since no BSM state observed in the few-TeV range

Nevertheless: EWPO and LHC VBS do not push this mass bound really that far

• An eventual observation and BSM deviation on: 

       𝑾𝑳𝑾𝑳 → 𝟐𝒉 and 𝑾𝑳𝑾𝑳 → 𝟑𝒉 VBS 

⟹ NP is not SMEFT-like

⟹ HEFT-like pattern expected
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BACKUP
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• Compact structure for  𝑾𝑳𝑾𝑳 → 𝒏 × 𝒉 scattering:

[Ruled by very particular combinations, ෝ𝜿𝟐𝑽 ≡ ෝ𝒂𝟐 for 2ℎ,   ෝ𝒂𝟑 for 3ℎ,    etc. ]

• Field redefinitions helps us to understand this simplicity

• Strong multi-Higgs suppression in SMEFT wrt to HEFT

–Even for small O(10%) deviations in SMEFT 𝒂𝟏,𝟐,𝟑,𝟒…–

–Much larger XS in pure HEFT–
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✓ The Lagrangian reads:

✓ Including resonance masses, we have 12 resonance parameters. This number can be reduced by 

using short-distance information, but contrary to QCD, we ignore the underlying theory (BSM).

✓ Vanishing form factors at high energies allow us to determine       in terms of                                

 the remaining parameters:

✓ Weinberg sum rules (WSRs) at LO and at NLO.

✓ 1st WSR. Vanishing of the 1/s term of VV(s) – AA(s):

✓ 2nd WSR. Vanishing of the 1/s2 term of VV(s) – AA(s):

✓ 1st WSR + LHC diboson production imply that contributions from fermionic cuts, terms 

with                , are negligible.

(*) Pich, Rosell,SC, PRD 112 (2025) 3, 035009
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What about D=8 corrections to SMEFT? ➔ - The line turns into a “thick line”/area

- But still can’t go everywhere

- Actually lines (2D surfaces) within ℝ4 for D=6 (ℝ6 for D=8) 

- Volunteers can play with D=10 corrections

−10 ≤ 𝜌 ≤ 10 
−0.5 ≤ 𝑑 ≤ 0.5 −100 ≤ 𝜌 ≤ 100 

−10 ≤ 𝑑 ≤ 10

CMS
95%CL

CMS
95%CL
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Handbook of LHC Higgs Cross Sections: 4. Deciphering the Nature of the Higgs Sector - 1610.07922 [hep-ph]

• Chiral counting:   

ℒ𝐻𝐸𝐹𝑇 = ℒ2 + ℒ4 + ⋯

•LO Lagrangian, O(p2):

( See M.J. Herrero’s talk for NLO corrections 𝑂 𝑝4 or ask for backup)

https://inspirehep.net/literature/1494411
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- kinematics well over 𝑊𝑊 threshold: 𝑠 ≫ 𝑚𝑊
2 ~𝑚ℎ

2

- Mass corrections neglected

- Chiral LO: only 𝑂(𝜕2) derivative operators

- Equivalence theorem appr.:    𝑊𝐿𝑊𝐿  → 𝑛 × ℎ ≈  𝜔𝜔 → 𝑛 × ℎ

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

[ I know: 3h, 4h, etc. looks like science-fiction nowadays ]

This work’s approx. in HEFT:  𝑊𝐿𝑊𝐿 → 2ℎ, 3ℎ, 4ℎ …

[link]

[link1] [link2]

• Specific 𝜔𝜔 → 𝑛 × ℎ stand-alone Mathematica code [link]

• FeynRules + FeynCalc chiral model file @ LO + NLO [link1] [link2]

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
https://github.com/alexandresalasb/WWtonHcalculator
https://github.com/Javomar99/EWET
https://github.com/Javomar99/Multi_Higgs_HEFT
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* Gómez-Ambrosio,Llanes-Estrada,Salas-Bernárdez,SC, 

PRD 106 (2022) 5, 5; 

Commun.Theor.Phys. 75 (2023) 9, 095202

* Domenech,Herrero,Morales,Salas-Bernárdez,  

2506.21716 [hep-ph]
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Geometry of the scalar fields       (and much more in B. Assi’s talk)

Old works in 80’s:

Boulware,Brown, 
Annals Phys. 138 

(1982) 392

[thanks to M. Knecht 
for calling out 

my attention to this]

SM, 

SMEFT, 

HEFT... and 

geometry:
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(*)   Guo,Ruiz-Femenia,SC, PRD92 (2015) 074005 
(x) Alonso,Jenkins,Manohar, PLB754 (2016) 335; PLB756 (2016) 358; JHEP 1608 (2016) 101

• Beautiful geometric connection to scalar loop corrections (*)

provided by the curvature (x) of the scalar manifold metric

with -2 = the Riemann Rijmn  R 0,2,4 / v2 (loosely speaking, the curvature R)

• NDA gives you the suppression of individual diagrams    ~ 1 / (4v)2

but the full loop suppression is ~   R2 / (4)2 and   ~ g2R / (4)2

EFT as an expansion                                                              in the curvature?

• SM: Rijmn = 0   ➔ No O(p4) renormalization
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** Delgado,Dobado,Herrero,SC, JHEP 07 (2014) 149

- Example: SO(5)/SO(4) MCHM tree LO computations for𝜔𝜔 → 𝜔𝜔   

      𝐴 𝑠, 𝑡, 𝑢 𝜔𝜔→𝜔𝜔 =
1−𝑎2  𝑠

𝑣2 =
𝑠

𝑓2 ,         𝐴 𝑠, 𝑡, 𝑢 𝜔𝜔→ℎℎ =
𝑎2−𝑏  𝑠

𝑣2 =
𝑠

𝑓2  

- Example: SO(5)/SO(4) MCHM 1-loop computations for 𝛾𝛾 → 𝜔𝜔   

• Depending on the choice of coordinates cancellations/suppressions may not be obvious diagram by diagram

MCHM

MCHM HEFT

HEFT

** Agashe,Contino,Pomarol ‘05  

** Contino et al. ‘12

** Agashe,Contino,Pomarol ‘05  

** Contino et al. ‘12

MCHM MCHMHEFT HEFT
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(x) Dávila,Domenech,Herrero,Morales, EPJC 84 (2024) 5, 503. 

(x) See also the recent LHC análisis on ො𝑎2 = 𝑏 − 𝑎2 :   Domenech,García-Mir,Herrero, 2507.20988 [hep-ph]

• IR finite 

• Equiv. Theorem implies a pure s-wave

• This HEFT behaviour approximately observed with real W’s    (x)        [ vs   SM angular distribution ]  
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• Exp. data on hh-production at LHC 

show an important correlation 

between (𝑎, 𝑏)

[ notation: 𝑎 = 𝑎1/2 = 𝜅𝑉,   𝑏 = 𝑎2 = 𝜅2𝑉 ]

• NOTE we have superimposed:

- Parabolles w/ constant ෝ𝒂𝟐 = 𝒂𝟐 −
𝒂𝟏

𝟐

𝟒

- D=6 SMEFT prediction 𝒂𝟐 = 𝟐 𝒂𝟏 − 𝟑

... + some recente important improvement from HH + H:
CMS PAS HIG-23-006
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(b)

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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(c)

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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(d)

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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(a)

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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+ crossed

[with permutations: 75 diagrams]



Predictions for multiple Higgs production: comparing HEFT and SMEFT                     45 / 26 J.J. Sanz-Cillero (UCM & IPARCOS)

+ crossed

[with permutations: 75 diagrams]
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2

Understanding the 𝑇𝜔𝜔→ 𝑛×ℎ structure: field redefinitions
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• Consider field redefinitions of the form   (other coordinates for the fields)

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037 ** Alessia Nasoni, Master Thesis 2025; Martellini,Nasoni,SC, forthcoming 

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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Redefined HEFT Lagrangian for

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037 

Field redefinition

** Alessia Nasoni, Master Thesis 2025; Martellini,Nasoni,SC, forthcoming 

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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• In order to avoid generating interaction terms 
proportional to  𝜕ℎ 2 or (𝜔𝜕𝜔)𝜕ℎ in the LO Lagr. ℒ2 , 
one needs:
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* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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• For a general normalization 𝒩 and solution of                                       :

• However, for the particular normalization  𝓝 =
𝒂𝟏

𝟒
=

𝒂

𝟐
:
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( ො𝑎1 = 0 )

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

Exactly the same effective combinations found 

before in the 𝜔𝜔 →  𝑛 × ℎ scattering amplitudes !!!

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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Scanning of the 𝜔𝜔 → 3ℎ cross section predictions for 𝑠 = 1 TeV:

• Empty Blue square - SMEFT(𝐷=6) -BP   (𝑐 6 = 1,  𝑣2/Λ2  = 0.05): 

 𝑎 = 𝑎1/2 = 𝑎𝑆𝑀𝐸𝐹𝑇 𝐷=6 = 1.05, b = 𝑎2 = 𝑎2
𝑆𝑀𝐸𝐹𝑇 (𝐷=6)

= 1.2,  𝑎3 = 𝑎3
𝑆𝑀𝐸𝐹𝑇 (𝐷=6)

= 0.1෠3  

• Full Orange square - HEFT: 

 𝑎 = 𝑎1/2 = 𝑎𝑆𝑀𝐸𝐹𝑇 𝐷=6 = 1.05, b = 𝑎2 = 𝑎2
𝑆𝑀𝐸𝐹𝑇 (𝐷=6)

= 1.2,  𝑎3 = 𝑎3
𝑆𝑀𝐸𝐹𝑇 (𝐷=6)

× (1 ± 𝟐𝟎% )

(x) Englert,Naskar,Sutherland, JHEP 11 (2023) 158

• Analogous to previous 𝑎2 = 𝑏 = 𝜅2𝑉 scannings 

    for LHC and FCC analyses:

𝑠 = 1 𝑇𝑒𝑉

SM  a3

For SMEFT starting @ D=6:
∆𝒃 = 𝟒∆𝒂 *

* G. Buchalla,Cata,Celis,Krause, NPB 917 (2017) 209-233 (e.g., for Real Singlet Ext),

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

𝜎𝜔𝜔→3ℎ
𝑆𝑀𝐸𝐹𝑇  ~

1

Λ8

https://inspirehep.net/literature/1480874
https://inspirehep.net/literature/1480874
https://inspirehep.net/literature/1480874
https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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Scanning of the 𝜔𝜔 → 3ℎ cross section predictions for 𝑠 = 1 TeV:

• Empty Blue square - SMEFT(𝐷=8) -BP   (𝑐 6 = 0, 𝑐 8 = 1,  𝑣2/Λ2  = 0.05 ): 

 𝑎 = 𝑎1/2 = 𝑎𝑆𝑀𝐸𝐹𝑇 𝐷=8 = 1.05, b = 𝑎2 = 𝑎2
𝑆𝑀𝐸𝐹𝑇 (𝐷=8)

= 1.3,  𝑎3 = 𝑎3
𝑆𝑀𝐸𝐹𝑇 (𝐷=8)

= 0.4  

• Full Orange square - HEFT: 

 𝑎 = 𝑎1/2 = 𝑎𝑆𝑀𝐸𝐹𝑇 𝐷=8 = 1.05, b = 𝑎2 = 𝑎2
𝑆𝑀𝐸𝐹𝑇 (𝐷=8)

= 1.3,  𝑎3 = 𝑎3
𝑆𝑀𝐸𝐹𝑇 (𝐷=8)

× (1 ± 𝟐𝟎% )

(x) Englert,Naskar,Sutherland, JHEP 11 (2023) 158

• Analogous to previous 𝑎2 = 𝑏 = 𝜅2𝑉 scannings 

    for LHC and FCC analyses:

SM  a3

For SMEFT starting @ D=8:
∆𝒃 = 𝟔∆𝒂 *

* Dawson,Fontes,Quezada-Calonge,Sanz-Cillero, PRD 108 (2023) 5, 055034 (e.g., for 2HDM),

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

𝜎𝜔𝜔→3ℎ
𝑆𝑀𝐸𝐹𝑇  ~

1

Λ8

𝑠 = 1 𝑇𝑒𝑉

https://inspirehep.net/literature/2659704
https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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https://github.com/alexandresalasb/WWtonHcalculator

https://github.com/Javomar99/EWET

https://github.com/mamupaxs/mamupaxs

• Various public code repositories created:

- Specific Mathematica stand-alone code for 𝜔𝜔 → 𝑛 × ℎ
https://github.com/alexandresalasb/WWtonHcalculator

- General FeynRules model file https://github.com/Javomar99/EWET 

implementing 𝑂 𝑝2 and 𝑂(𝑝4) HEFT Lagrangian

- New fast+simple Massless Particle Phase-Space Integrator
𝕄𝕒𝕄𝕦ℙ𝕒𝕏𝕊 https://github.com/mamupaxs/mamupaxs

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037; PoS ICHEP2024 (2025) 095 - 2410.19951 [hep-ph]

https://github.com/alexandresalasb/WWtonHcalculator
https://github.com/Javomar99/EWET
https://github.com/mamupaxs/mamupaxs
https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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• We will actually compute the Goldstone-Goldstone scattering,

and extract the corresponding cross section:

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037; PoS ICHEP2024 (2025) 095 - 2410.19951 [hep-ph]

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037; PoS ICHEP2024 (2025) 095 - 2410.19951 [hep-ph]

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037; PoS ICHEP2024 (2025) 095 - 2410.19951 [hep-ph]

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037; PoS ICHEP2024 (2025) 095 - 2410.19951 [hep-ph]

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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Scanning of the 𝜔𝜔 → 2ℎ cross section predictions for 𝑠 = 1 TeV:

• Empty blue square - SMEFT(𝐷=6) -BP   (𝑑 = 0.1): 

  𝑎 = 𝑎1/2 = 𝑎𝑆𝑀𝐸𝐹𝑇 𝐷=6 = 1.05,  b = 𝑎2 = 𝑎2
𝑆𝑀𝐸𝐹𝑇 (𝐷=6)

= 1.2 

• Full Orange square - HEFT: 

  𝑎 = 𝑎1/2 = 𝑎𝑆𝑀𝐸𝐹𝑇 𝐷=6 = 1.05,  b = 𝑎2 = 𝑎2
𝑆𝑀𝐸𝐹𝑇 (𝐷=6)

= 1.2 × (1 ±𝟐𝟎% )

𝑠 = 1 𝑇𝑒𝑉

(x) Englert,Naskar,Sutherland, JHEP 11 (2023) 158

• Analogous to previous 𝑎2 = 𝑏 = 𝜅2𝑉 scannings 

    for LHC and FCC analyses:



Predictions for multiple Higgs production: comparing HEFT and SMEFT                     62 / 26 J.J. Sanz-Cillero (UCM & IPARCOS)

* Delgado,Gómez-Ambrosio,Martínez-Martín,Salas-Bernárdez,SC, JHEP 03 (2024) 037

SM  a3

𝑠 = 1 𝑇𝑒𝑉

https://inspirehep.net/literature/2720159
https://inspirehep.net/literature/2720159
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SMEFT SMEFT SMEFT

(*) Gómez-Ambrosio,Llanes-Estrada,Salas-Bernárdez,SC, PRD 106 (2022) 5, 5; arXiv: 2207.09848 [hep-ph]
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•ATLAS

•CMS

(*) Gómez-Ambrosio,Llanes-Estrada,Salas-Bernárdez,SC, 2204.01763 [hep-ph]
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Other correlations: Higgs potential

OUR 
PRESENT      

KNOWLEDGE
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SMEFT

(*) Gómez-Ambrosio,Llanes-Estrada,Salas-Bernárdez,SC, PRD 106 (2022) 5, 5; arXiv: 2207.09848 [hep-ph]

Other correlations: Higgs potential
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• Higgs field representation: SMEFT vs HEFT, a matter of taste? (+)

(+) SC, arXiv:1710.07611 [hep-ph]; PoS EPS-HEP2017 (2017) 460

* Jenkins,Manohar,Trott, JHEP 1310 (2013) 087

* LHCHXSWG Yellow Report [1610.07922]

1) Linear* (SMEFT): in terms of a doublet  = (1+h/v) U(a) <>

2) Non-linear* (HEFT or EWL): in terms of 1 singlet h + 3 NGB in U(a)

Low-energy EFT (SM + …):  representations

(x) Transformations:
         Giudice,Grojean,Pomarol,Rattazzi, JHEP 0706 (2007) 045
         Alonso,Jenkins,Manohar, JHEP 1608 (2016) 101

if there exists an SU(2)L x SU(2)R

fixed point FC(h*)=0     (x)

?
?
?
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SMEFT ⇒ HEFT connection
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• SMEFT in the HEFT-form(x) looks like... 

HEFT (x)

SMEFT correlated coeff.
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SMEFT ⇐ HEFT connection
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• Theory: 

HEFT Lagrangian becomes singular in SMEFT-form
(coordinates)

•Phenomenology: 

SMEFT predicts correlations absent in experiment? 
(in principle, also absent in HEFT)

SMEFT vs HEFT: potential issues
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Oblique Electroweak Observables: S and T at NLO

✓ Universal oblique corrections via the EW boson self-energies (transverse in the Landau gauge)

✓ S parameter*: new physics in the difference between the Z self-energies at Q2=MZ
2 and Q2=0.

✓ T parameter*: custodial symmetry breaking

✓ We follow the useful dispersive representation introduced by Peskin and Takeuchi* for S and a 

dispersion relation for T (checked for the lowest cuts):

✓ ρS(t) and ρT(t) are the spectral functions of the W3B and of the difference of the neutral and 

charged Goldstone boson self-energies, respectively. 

✓ They need to be well-behaved at short-distances to get  the convergence of the integral.

✓ S and T parameters are defined for a reference value for the SM Higgs mass.
* Peskin and Takeuchi ’92 

** Barbieri et al. ‘93

http://inspirehep.net/record/296528
http://inspirehep.net/record/296528
http://inspirehep.net/record/296528
https://www.sciencedirect.com/science/article/abs/pii/037026939391012C?via%3Dihub
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✓ We consider only the lightest two-particle absorptive cuts ( h ) and in general we take as 

working assumptions MA > MV and                     .

✓ LO result (TLO=0):

✓ With 1st and 2nd WSR:

✓ With only the 1st WSR: 

✓ NLO result with 1st and 2nd WSR:

P-even results correspond to 

Pich, IR and Sanz-Cillero ‘13 ’14

Expansion in         .

https://arxiv.org/abs/1212.6769
https://arxiv.org/abs/1310.3121
https://arxiv.org/abs/1310.3121
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P-even results correspond to 

Pich, IR and Sanz-Cillero ‘13 ’14

Expansion in         .

✓ We consider only the lightest two-particle absorptive cuts ( h ) and in general we take as 

working assumptions MA > MV and                     .

✓ LO result (TLO=0):

✓ With 1st and 2nd WSR:

✓ With only the 1st WSR: 

✓ NLO result with only the 1st WSR:

https://arxiv.org/abs/1212.6769
https://arxiv.org/abs/1310.3121
https://arxiv.org/abs/1310.3121
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