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1. Modifies SM vertices:
2. Non-SM vertices:

3. Modify parameters  exp. inputs↔

mℓ′￼ℓ′￼
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h
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ANGULAR DISTRIBUTION

•  

•

• Three angles 

s =
k2

1

m2
h

r =
k2

2

m2
h

(θ, Δ, ϕ)

Specify a frame and 
define variables:

ℓ(p1)ℓ(p2)ℓ′￼(p3)ℓ′￼(p4)Momenta labeled as

[1310.2574 Buchalla, Catà, D’Ambrosio]
[1406.1361 Beneke, Boito, Wang]
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HW = (H†H)WI
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c(6)
HW ≡ C(6)

HW /Λ2 Λ = 1Tev
[2012.02779 Ellis, Madigan, Mimasu, Sanz, You]
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Λ4
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ϕ,SM +
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Λ2
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ϕ,dim6

[1406.1361 Beneke, Boito, Wang]
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DISTRIBUTION EXAMPLE

cuts

Q(6)
HW = (H†H)WI

μνWI,μν

[2012.02779 Ellis, Madigan, Mimasu, Sanz, You]

What about   contributing to a non-SM-like distribution?Q(8)
l2H2D3,4, Q(8)

l2WH2D,5and Q(6)
eW



TAKEAWAYS
• Studies beyond  can help us uncover novel kinematics of BSM 

physics
• Four charged lepton case :

No novel angular distribution.
 contributions are relevant.

Dimension 8 operators’ contributions are small.
• Two Charged lepton case:

Novel kinematics generated at .
Non-reconstructibility obscures the novel kinematics.
Cuts further obscure SMEFT effects.
Can be relevan for future collider where Higgs momenta can be 
reconstructed

𝒪(1/Λ4)

|A6 |2

𝒪(1/Λ4)
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GEOSMEFT
• GeoSMEFT rearranges a subset of SMEFT operators in terms of 

field-space dependent quantities.

• Can use it to obtain 3-point vertices to all orders in the SMEFT 
expansion.
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∼ mZ →

• Photon propagator ∼
1
k2

1
• More final state helicity configurations from dipole 

operators               
              won’t interfere 

with SM                                                             a                                      
contributes to  as a  term                                                                                

Q(6)
eW = (lσμντIe)HWI,μν ⊃ eLσμνeR ∂μZν

𝒪(1/Λ4) |A6 |2

• Energy Scale of the process E = mh

k1
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EXAMPLE
Q(6)

HW = (H†H)WI
μνWI,μν Contributes to  and generates hZZ hZγ

s ∼ 0
Photon pole enhancement ,    purely   

1
k2

1
∼

1
s
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PHOTON POLE ENHANCEMENT
Q(6)

HW = (H†H)WI
μνWI,μν

𝒜 ⊃ ASM + (spinor)
c6

HW

s

|𝒜 |2 ⊃ ASM(spinor)
c6

HW

s
+ (spinor)2 (c6

HW)2

s2

∼ s

Propagator dependance cancels

1

How to understand this? Look at the amplitude
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• Generally, SMEFT effects are more noticeable in  than in asymmetries.dΓ/ds
• Within the existing bounds, other dimension 6 operators contribute to  

and not to asymmetries.
dΓ/ds

•  effects from  can be significant𝒪(1/Λ4) |A6 |2

1. Photon Pole enhancement 1/s
2. Dipole operators. Formally , but significant if .𝒪(1/Λ4) ci ∼ 𝒪(1)

• Dimension 8 contributions are small:
1. Enter as interference terms  additional small SM couplings suppression→

2.  contributions: . But  and 𝒪(1/Λ4)
v4

Λ4
,

v2E2

Λ4
,

E4

Λ4
E = mh ∼ v mh ≪ Λ

3. 4-point contact terms are suppressed due to lack of propagator.



FOUR CHARGED LEPTON OBSERVABLES
dΓ
ds

= λ
(2π)5210 rΓZ

8π
9 (9JZ

1 + JZ
2 + 3JZ

3 + 3JZ
4)

𝒜(1)
ϕ = ( dΓ

ds )
−1

∫2π
0 sgn(sinϕ) dΓ

dsdϕ
dϕ = 0

𝒜(2)
ϕ = ( dΓ

ds )
−1

∫2π
0 sgn(sin(2ϕ)) dΓ

dsdϕ
dϕ = 0

𝒜(3)
ϕ = ( dΓ

ds )
−1

∫2π
0 sgn(cosϕ) dΓ

dsdϕ
dϕ = 9π

8
JZ
6

9JZ
1 + JZ

2 + 3JZ
3 + 3JZ

4

𝒜(4)
ϕ = ( dΓ

ds )
−1

∫2π
0 sgn(cos(2ϕ)) dΓ

dsdϕ
dϕ = 8

π
JZ
8

9JZ
1 + JZ

2 + 3JZ
3 + 3JZ

4



𝒜θ,Δ = ( dΓ
ds )

−1
∫1−1 sgn(cosθ)( ∫1−1 sgn(cosΔ) dΓ

dsdcosΔdcosΔ dcosΔ)dcosθ

= 9
4

JZ
5

9JZ
1 + JZ

2 + 3JZ
3 + 3JZ

4

𝒜(2)
θ = ( dΓ

ds )
−1

∫1−1 sgn(cos2θ) dΓ
dsdcosθ

dcosθ

= 1 − 2 +
JZ
2 + 3JZ

3
2(9JZ

1 + JZ
2 + 3JZ

3 + 3JZ
4)

𝒜(2)
Δ = ( dΓ

ds )
−1

∫1−1 sgn(cos2Δ) dΓ
dsdcosΔ dcosΔ

= 1 − 2 +
JZ
2 + 3JZ

4
2(9JZ

1 + JZ
2 + 3JZ

3 + 3JZ
4)



EXAMPLE  FUNCTIONJ

JZ
5 = −

8rsG2
AG2v(m2

Hc(1)
hZZ(2κc(2)

hZZ + c(3)
hZZ) − κ2m4

H(c(2)
hZZ)

2
− (c(1)

hZZ)
2

)
(r − s)2

−
4rsm2

HGAGV
r − s (2c(1)

hZZK1 + m2
H((κ + 2r)c(1)

hZZK2 − 2κc(2)
hZZK1))

+2rm4
HGAGVHA(sHV + 2κec(1)

hZA)
−

4rem2
HG2

AGV
r − s (2κc(1)

hZAc(1)
hZZ + (κ + 2s)c(2)

hZAc(1)
hZZ − 2κ2m2

Hc(1)
hZAc(2)

hZZ)



DIMENSION 6 CONTRIBUTIONS
Q(6)

eW = (lσμνσIe)HWI,μν
• Induces couplings of left-handed and 

right-handed leptons
• Highly constrained by EDM and MDM 
• Assume c(6)

eW ∼ 𝒪(1)
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DIFFERENCES
• Not reconstructible due to final state neutrinos. 

✴ Can’t neglect diagram with .mv′￼ℓ′￼
∼ mW

✴ Can’t use narrow width approximation.
• No photon propagator.
• SMEFT contributes with complex couplings in:            

,  and , which can interfere with the 
imaginary part of the SM.
νlW hνlW hWW

• Fewer helicity configurations since  only couples to 
left-handed neutrinos. 

W±
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DIMENSION 8 DISTRIBUTIONS
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2π

0
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4 ) Q(8)
l2WH2D,5 = ϵIJK(l̄pγνσIlp)Dμ(H†σJH)WK

μν

Only one operator contributes:

Could extract  SMEFT effects in Future collider𝒪(1/Λ4)



SUMMARY OF  RESULTSh → ℓνℓνℓℓ
• SMEFT effects are smaller in  distribution
• For operators generating non-SM like distribution: 

✴ These are purely  effects.
✴ Available observables obscure the novel kinematics.

• For operators generating SM like distribution:
✴  shows the largest deviation within existing bounds.
✴ Dimension 8 Operators’ contributions are small for similar reasons 

as in .
• Cuts assume SM like interations ( ,  ), further obscuring SMEFT 

effects  (SM like or non-SM-like).

mℓℓ′￼

𝒪(1/Λ4)

Q(6)
HW

h → ℓ′￼ℓ′￼ℓℓ
ΦT mℓℓ′￼

[9608317 Dittmar, Dreiner]


