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HEFT v/s SMEFT

HEFT SMEFT

Realization of 
Higgs dofs.

Non-linear Linear

Power 
Counting
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HEFT  SMEFT ?
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HEFT SMEFT

A perfectly valid 

HEFT expansion
→

→ NOT SMEFT

A toy example:



Correlations in SMEFT

Example: Vℓℓ couplings: (In unitary gauge)

𝑆𝑀 + 𝛿𝑔𝑒𝐿
𝑍  𝑍𝜇 ഥ𝑒𝐿 𝛾𝜇  𝑒𝐿 + 𝛿𝑔𝑒𝑅

𝑍  𝑍𝜇𝑒𝑅  𝛾𝜇 𝑒𝑅

+ 𝛿𝑔𝜈𝐿
𝑍  𝑍𝜇 𝜈𝐿 𝛾𝜇𝜈𝐿 + 𝛿𝑔𝐿

𝑊 𝑊𝜇
+ 𝜈𝐿 𝛾𝜇𝑒𝐿 + ℎ. 𝑐.

SMEFT: 𝛿𝑔𝐿
𝑊 =

cos(𝜃𝑊)

2
𝛿𝑔𝜈𝐿

𝑍  − 𝛿𝑔𝑒𝐿
𝑍 + 𝒪

𝑣4

Λ4  

⟹ Only 3 WCs independent, 

HEFT: all the 4 WCs appear independently at 

𝒪
𝑣2

Λ2
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SMEFT

HEFT

SM

𝑆𝑀𝐸𝐹𝑇 ⊂ 𝐻𝐸𝐹𝑇
Correlations exist between 

HEFT operators when 

written as SMEFT.

Ref: Falkowski, Rattazzi ‘19;
Alonso, Jenkins, Manohar ‘15, ‘16;
Cohen, Craig, Lu, Sutherland ‘20



HEFT Operators @𝒪(𝑝4)
(Long.) Gauge-Higgs Couplings: V ≡ W±, Z

     5 VVVV                4 VVVh            4 VVhh

     

     1 Vhhh               1 hhhh

6

5+4+4+1+1

= 15 Operators



HEFT Operators @𝒪(𝑝4)
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HEFT Operators @𝒪(𝑝4)
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BUT, unlike HEFT, in SMEFT dim-8, there are only 3 

independent operators for aQGCs.

Anomalous Quartic Gauge Couplings (aQGCs)



Deriving Positivity
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Poincare Invariance 

+ Avoiding 

Superluminality

v < c

Positivity Bounds

Analyticity

Micro-causality

𝒪 0 , 𝒪 𝑥 = 0 
𝑖𝑓 𝑥 𝑖𝑠 𝑜𝑢𝑡𝑠𝑖𝑑𝑒 𝑡ℎ𝑒 𝑙𝑖𝑔ℎ𝑡𝑐𝑜𝑛𝑒 

LSZ-Reduction

Unitarity + Locality

For “reasonable” UV-completions:

“reasonable” = Poincare Invariance + Causality + 
Unitarity + Locality 

Ref: Adams et al. ‘06

𝐼𝑚(𝑠)

𝑅𝑒(𝑠)



Deriving Positivity
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𝜒𝑖 + 𝜒𝑗 → 𝜒𝑖 + 𝜒𝑗 , 

𝑅𝑒(𝑠)

𝐼𝑚(𝑠)



Deriving Positivity
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Froissart-Martin Bound:

        𝑳𝒊𝒎 𝒔 →∞
𝓜 𝒔,𝒕

𝒔𝟐 = 𝟎 

𝜒𝑖 + 𝜒𝑗 → 𝜒𝑖 + 𝜒𝑗 , 

𝑅𝑒(𝑠)

𝐼𝑚(𝑠)



Deriving Positivity
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Froissart-Martin Bound:

        𝑳𝒊𝒎 𝒔 →∞
𝓜 𝒔,𝒕

𝒔𝟐 = 𝟎 

Optical Theorem

𝜒𝑖 + 𝜒𝑗 → 𝜒𝑖 + 𝜒𝑗 , 

𝑅𝑒(𝑠)

𝐼𝑚(𝑠)



Deriving Positivity
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Froissart-Martin Bound:

        𝑳𝒊𝒎 𝒔 →∞
𝓜 𝒔,𝒕

𝒔𝟐 = 𝟎 

Optical Theorem

𝜒𝑖 + 𝜒𝑗 → 𝜒𝑖 + 𝜒𝑗 , 

𝑅𝑒(𝑠)

𝐼𝑚(𝑠)
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Poincare Invariance 

+ Causality + 

Unitarity + Locality 



Positivity Bounds

|𝜒𝑎⟩ + |𝜒𝑏⟩ → |𝜒𝑎⟩ + |𝜒𝑏⟩, where

|𝜒𝑎⟩ ≡ 

𝐼

𝛼𝐼 𝜙𝐼 + 𝛼4 ℎ

|𝜒𝑏⟩ ≡ 

𝐼

𝛽𝐼 𝜙𝐼 + 𝛽4 ℎ

Superpositions give stronger constraints:
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Positivity Bounds
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D.Chakraborty, SC, R.S.Gupta (in prep.)

VVVh

VVVh VVhh

Vhhh hhhh



Positivity Bounds

17D.Chakraborty, SC, R.S.Gupta (in prep.)



Positivity Bounds
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Bounds on VVVV (aQGCs)
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D.Chakraborty, SC, R.S.Gupta 

(in prep.)

Exp. Bounds Ref: Eboli et al. ’24

Process involved: 𝑝𝑝 → 𝑉𝑉𝑗𝑗 (VBS)

Magenta: Experimental Bounds

Green: Our Positivity Bounds

For SMEFT Bounds see:

Remmen, Rodd ‘19



Bounds on VVVV (aQGCs)
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D.Chakraborty, SC, R.S.Gupta 

(in prep.)

Exp. Bounds Ref: Eboli et al. ’24

Process involved: 𝑝𝑝 → 𝑉𝑉𝑗𝑗 (VBS)

Only ≲  𝟖% of the (5-Dim.) 

EFT  parameter space 

within the Exp. bounds is 

allowed by positivity. 

Magenta: Experimental Bounds

Green: Our Positivity Bounds

For SMEFT Bounds see:

Remmen, Rodd ‘19



Bounds on VVhh
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Green: Our Positivity Bounds + 

Perturbative Unitarity bounds

NO Experimental Bounds yet.

D.Chakraborty, SC, R.S.Gupta 

(in prep.)



Key Takeaways

• 𝑆𝑀𝐸𝐹𝑇 ⊂ 𝐻𝐸𝐹𝑇

• HEFT @ 𝒪(𝑝4) (Long.) Gauge-Higgs couplings:

5 𝑉4 𝑎𝑄𝐺𝐶𝑠 + 4 𝑉3ℎ + 4 𝑉2ℎ2 + 1 𝑉ℎ3 + 1 ℎ4

• Poincare Invariance + Causality + Unitarity + 

Locality → Positivity Bounds → significantly 

reduce the allowed IR parameter space. Eg:

• 𝑽𝟒
 (aQGCs) couplings: ≲ 𝟖% of (5-dim) EFT 

parameter space within the exp. bounds is allowed 

by positivity.

• 𝑽𝟐𝒉𝟐
 couplings: No Exp. Bounds yet. We obtain 

positivity bounds for these. 

22



Key Takeaways

• 𝑆𝑀𝐸𝐹𝑇 ⊂ 𝐻𝐸𝐹𝑇

• HEFT @ 𝒪(𝑝4) (Long.) Gauge-Higgs couplings:

5 𝑉4 𝑎𝑄𝐺𝐶𝑠 + 4 𝑉3ℎ + 4 𝑉2ℎ2 + 1 𝑉ℎ3 + 1 ℎ4

• Poincare Invariance + Causality + Unitarity + 

Locality → Positivity Bounds → significantly 

reduce the allowed IR parameter space. Eg:

• 𝑽𝟒
 (aQGCs) couplings: ≲ 𝟖% of (5-dim) EFT 

parameter space within the exp. bounds is allowed 

by positivity.

• 𝑽𝟐𝒉𝟐
 couplings: No Exp. Bounds yet. We obtain 

positivity bounds for these. 

23

Thank You !!!



BACKUP SLIDES
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Dim-8 SMEFT Operators 

for VVVV
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HEFT in terms of SMEFT: 

3 independent + 2 correlations



Definitions of some Elements of the matrix 

𝜕2𝑀

𝜕𝑠2 :

BACKUP SLIDES
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