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1) Isn’t SMEFT enough?
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• SM:

• SMEFT:

• HEFT 
( = EWChL = EWET )

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

ℒ𝑆𝑆𝑆𝑆 = ℒ𝐷𝐷≤4

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

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

ℒ𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = ℒ𝑝𝑝2 + ℒ𝑝𝑝4 + … [w/ ℒ𝑆𝑆𝑆𝑆 ⊂ ℒ𝑝𝑝2 ]
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[by R. Gómez-Ambrosio]
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(*) Gómez-Ambrosio,Llanes-Estrada,Salas-Bernárdez,SC, PRD 106 (2022) 5, 5; arXiv: 2207.09848 [hep-ph]

What is the standard (misleading) claim?
“To this day LHC data is consistent with a Higgs boson doublet 

as is introduced in the Standard Model. 
As a consequence, the possibility of nonlinear effects 

does not currently draw major interest” 

What is the implicit claim?

“Why should we care about nonlinear effects? 
Small experimental deviations from SM   ⇒ SMEFT will be good enough” 

I hope I may convince you these statements are false (*)



Reasons for HEFT: why we may need more than SMEFT          7/33J.J. Sanz-Cillero

The SM is falsified 
by finding a non-zero Wilson Coefficient

How is the SMEFT falsified?
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2) SM, SMEFT, HEFT... and geometry
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Geometry of the scalar field

Old works in 80’s:
Boulware,Brown, 
Annals Phys. 138 

(1982) 392

[thanks to M. Knecht 
for calling out 

my attention to this]
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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 Λ-2 = the Riemann Rijmn ∝ R 0,2,4 / v2 (loosely speaking, the curvature R)

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

but the full loop suppression is     ~ g2R / (4π)2 &      ~   R2 / (4π)2

EFT as an expansion                                                              in the curvature?

• SM: Rijmn = 0    No O(p4) renormalization
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3) SMEFTHEFT connection:

potential issues
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SMEFT  HEFT connection

+ ...



Reasons for HEFT: why we may need more than SMEFT          16/33J.J. Sanz-Cillero

SMEFT ⇒ HEFT connection



Reasons for HEFT: why we may need more than SMEFT          17/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          18/33J.J. Sanz-Cillero

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

HEFT (x)

SMEFT correlated coeff.



Reasons for HEFT: why we may need more than SMEFT          19/33J.J. Sanz-Cillero

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

HEFT Lagrangian becomes singular in SMEFT-form
(coordinates)

Potentially 
singular term



Reasons for HEFT: why we may need more than SMEFT          23/33J.J. Sanz-Cillero

• If we want the Lagrangian non-singular around H=0 then:

(*) Gómez-Ambrosio,Llanes-Estrada,Salas-Bernárdez,SC, PRD 106 (2022) 5, 5; arXiv: 2207.09848 [hep-ph]
(*) Alonso,Jenkins,Manohar, JHEP 08 (2016) 101
(*) Cohen,Craig,Lu,Sutherland, JHEP 03 (2021) 237; JHEP 12 (2021) 003 
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•Phenomenology: 

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

(*) Gómez-Ambrosio,Llanes-Estrada,Salas-Bernárdez,SC, PRD 106 (2022) 5, 5; arXiv: 2207.09848 [hep-ph]
(*) For other studies on SMEFT correlations see, e.g., Brivio,Corbett,Éboli,Gavela,González-Fraile,González-García,Merlo,Rigolin, JHEP 03 (2014) 024

& Agrawal,Saha,Xu,Yu,Yuan, PRD 101 (2020) 7, 075023
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• W/o relying on a specific SMEFT Lagrangian, we obtain:
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ℎ → 𝑊𝑊𝑊𝑊

𝑊𝑊
𝑊𝑊

→
ℎℎ
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ℎ → 𝑊𝑊𝑊𝑊

𝑊𝑊
𝑊𝑊

→
ℎℎ

ATLAS-CONF-2020-027

CMS-HIG-20-005

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

Blue and red:
best available
exp. bounds 
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(*) Gómez-Ambrosio,Llanes-Estrada,Salas-Bernárdez,SC, 2204.01763 [hep-ph]

SMEFT SMEFT SMEFT
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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]
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+ ...

SMEFT

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

Other correlations: Yukawa’s
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Conclusions
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• We identified potential issues when HEFT described as SMEFT

• The problem is not the realization / choice-of-coordinates

- Theory potential problem: 

HEFT written in SMEFT-form turns singular (?) 

- Phenomenology potential problem: 

SMEFT incompatible with data (?)



Reasons for HEFT: why we may need more than SMEFT          34/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          35/33J.J. Sanz-Cillero

BACKUP
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(*) Gómez-Ambrosio,Llanes-Estrada,Salas-Bernárdez,SC, 2204.01763 [hep-ph]
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•ATLAS

•CMS

(*) Gómez-Ambrosio,Llanes-Estrada,Salas-Bernárdez,SC, 2204.01763 [hep-ph]
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• A history recollection on the  ℒ𝒑𝒑𝟒𝟒 renormalization (1):

(*) Herrero,Ruiz Morales, NPB 418 (1994) 431-455

A small sample of 1-loop HEFT observable computations:
(x) Delgado,Dobado,Llanes-Estrada, PRL114 (2015) 22, 221803
(x) Espriu,Mescia,Yencho, PRD88 (2013) 055002
(x) Delgado,Garcia-Garcia,Herrero, JHEP 11 (2019) 065 
(x) Fabbrichesi,Pinamonti(,Tonero,Urbano, PRD93 (2016) 1, 015004 
(x) Corbett,Éboli,Gonzalez-Garcia, PRD 93 (2016) 1, 015005 
(x) de Blas,Eberhardt,Krause, JHEP 07 (2018) 048  
(x) Quezada,Dobado,SC, PoS ICHEP2020 (2021) 076; in preparation
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• A history recollection on the  ℒ𝒑𝒑𝟒𝟒 renormalization (2):

(*) Guo,Ruiz-Femenia,SC, PRD92 (2015) 074005 

A deeper understanding through geometry:
(x) Alonso,Jenkins,Manohar, PLB 754 (2016) 335-342; 

PLB 756 (2016) 358-364; JHEP 08 (2016) 101
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(x) Alonso,Jenkins,Manohar, PLB754 (2016) 335; PLB756 (2016) 358; JHEP 1608 (2016) 101

• Beautiful geometric connection to this result * 
provided by the curvature (x) of the scalar manifold metric

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

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

but the full loop suppression is     ~ g2R / (4π)2 &      ~   R2 / (4π)2

EFT as an expansion                                                              in the curvature?

• SM: Rijmn = 0    No O(p4) renormalization
*   Guo,Ruiz-Femenia,SC, PRD92 (2015) 074005 



Reasons for HEFT: why we may need more than SMEFT          41/33J.J. Sanz-Cillero

• A history recollection on the  ℒ𝒑𝒑𝟒𝟒 renormalization (3):

(*) Buchalla,Cata,Celis,Knecht,Krause, NPB 928 (2018) 93-106

(*) Alonso,Kanshin,Saa, PRD 97 (2018) 3, 035010

(*) Buchalla,Catà,Celis,Knecht,Krause, PRD 104 (2021) 7, 076005
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Introduction and motivation.
SMEFT ⊂ HEFT: an overview.
Correlations of HEFT parameters when assuming SMEFT’s
validity. Explicit computation.
Measurements: WLWL → n × h to discern between SMEFT
and pure-HEFT.
Based on ”The flair of Higgsflare”
https://arxiv.org/abs/2204.01763.
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• Manohar, Jenkins, Trott, Alonso

See e.g. 1505.03706. Ghezzi, Gómez-Ambrosio, Passarino, Uccirati
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Dobado and Espriu, Prog.Part.Nucl.Phys. 115 (2020) 103813



Reasons for HEFT: why we may need more than SMEFT          54/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          55/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          56/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          57/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          58/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          59/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          60/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          61/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          62/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          63/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          64/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          65/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          66/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          67/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          68/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          69/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          70/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          71/33J.J. Sanz-Cillero



Reasons for HEFT: why we may need more than SMEFT          72/33J.J. Sanz-Cillero

Equivalence Theorem

𝑊𝑊𝐿𝐿𝑊𝑊𝐿𝐿 → ℎℎℎ… ≈ 𝜋𝜋𝜋𝜋 → ℎℎℎ…
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SMEFT is a special case of HEFT.
SMEFT is falsifiable studying correlations induced in HEFT
parameters.
TeV-scale measurements of WLWL → n × H are needed to
assess if SMEFT is applicable.
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EW Chiral Lagrangian (or HEFT)

• HOWEVER:    small BSM deviations ~ corrections to naïve-EqTh (if close to SM)

We needed to go beyond naïve Equivalence Theorem:    physical 𝑾𝑾𝑳𝑳𝑾𝑾𝑳𝑳 scattering

O(p4) Lagrangian: 
(x) Buchalla, Cata, JHEP 1207 (2012) 101; 

Buchalla,Catà,Krause, NPB 880 (2014) 552-573
(x) Alonso,Gavela,Merlo,Rigolin,Yepes, 

PLB 722 (2013) 330-335; 
Brivio et al, JHEP 1403 (2014) 024

(x) Pich,Rosell,Santos,SC, 
PRD93 (2016) no.5, 055041; 
JHEP 1704 (2017) 012; 

(x) Krause,Pich,Rosell,Santos,SC, 
JHEP 1905 (2019) 092

Basic Works:
(*) Apelquist,Bernard ’80; Longhitano ‘80, ’81 
(*) Feruglio, Int. J. Mod. Phys. A 8 (1993) 4937
(*) Grinstein,Trott, PRD 76 (2007) 073002

Counting:
* Weinberg ‘79
* Manohar,Georgi, NPB234 (1984) 189
* Georgi,Manohar NPB234 (1984) 189
* Hirn,Stern ’05
* Pich,Rosell,Santos,SC JHEP 1704 (2017) 012
* Buchalla,Catá,Krause PLB 731 (2014) 80-86

For a recent SMEFT vs HEFT comparison:
(*) Gomez-Ambrosio,Llanes-Estrada,

Salas-Bernardez,SC, 2204.01763 [hep-ph]
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GB Quarks

Analytic functions of powers of the Higgs field. Inspired by most of low energy HEFT 
models.

Modifications on the Higgs SM couplings and beyond!

GB + h
+ YM + matter

Just the top for this case
Spherical parametrization

Recover the SM

The lagrangian at lowest order (chiral dimension 2)
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SM vs SMEFT vs HEFT

similarities 
& differences

SM and beyond
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• Expansion in (non-linear) HEFT: *

• Indeed, the SM has this arrangement but with                                                             ;  hence

LO (tree) NLO (tree) NLO (1-loop)
suppression    
∼1/M2 + …

(heavier states)

Typical loop suppression    
∼ Γk/ (16π2v2)

(non-linearity)

** Catà, EPJC74 (2014) 8, 2991
** Pich,Rosell,Santos,SC, [1501.07249]; ‘forthcoming FTUAM-15-20
** Pich,Rosell and SC, JHEP 1208 (2012) 106;   

PRL 110 (2013) 181801

Finite pieces from loops
(amplitude dependent)  (+)

100% determined 
by   L2

*** Guo,Ruiz-Femenia,SC, PRD92 (2015) 074005 
*** Alonso,Jenkins,Manohar, PLB 754 (2016) 335-342
*** Alonso,Kanshin,Saa, PRD 97 (2018) no.3, 035010
*** Buchalla,Cata,Celis,Knecht,Krause, NPB 928 (2018) 93-106
***  Buchalla,Catà,Celis,Knecht,Krause, PRD 104 (2021) 7, 076005 
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• A history recollection on the  ℒ𝒑𝒑𝟒𝟒 renormalization (1):

(*) Herrero,Ruiz Morales, NPB 418 (1994) 431-455

A small sample of 1-loop HEFT observable computations:
(x) Delgado,Dobado,Llanes-Estrada, PRL114 (2015) 22, 221803
(x) Espriu,Mescia,Yencho, PRD88 (2013) 055002
(x) Delgado,Garcia-Garcia,Herrero, JHEP 11 (2019) 065 
(x) Fabbrichesi,Pinamonti(,Tonero,Urbano, PRD93 (2016) 1, 015004 
(x) Corbett,Éboli,Gonzalez-Garcia, PRD 93 (2016) 1, 015005 
(x) de Blas,Eberhardt,Krause, JHEP 07 (2018) 048  
(x) Quezada,Dobado,SC, 2207.01458 [hep-ph]; in preparation
(x) Herrero,Morales, PRD 106 (2022) 7, 073008 
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• A history recollection on the  ℒ𝒑𝒑𝟒𝟒 renormalization (2):

(*) Guo,Ruiz-Femenia,SC, PRD92 (2015) 074005 

A deeper understanding through geometry:
(x) Alonso,Jenkins,Manohar, PLB 754 (2016) 335-342; 

PLB 756 (2016) 358-364; JHEP 08 (2016) 101
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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 φ = (1+h/v) U(ωa) <φ>

2) Non-linear* (HEFT or EWχL): in terms of 1 singlet h + 3 NGB in U(ωa)

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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Always possible to write a SMEFT as a HEFT
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• In summary: SMEFT in the HEFT-form looks like... 
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(*) Gómez-Ambrosio,Llanes-Estrada,Salas-Bernárdez,SC, PRD 106 (2022) 5, 5; arXiv: 2207.09848 [hep-ph]
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