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Motivation:

Standard Model Effective Field Theory (SMEFT) :

LSMEFT = LSM +
1

Λ
C(5)O(5) +

1

Λ2

∑

i

C
(6)
i O

(6)
i +O

(
1

Λ3

)
.

Includes SM fields only.

Follows SU(3)C × SU(2)L × U(1)Y .

Electroweak (EW) symmetry linearly realized.

Current uncertainties in Higgs coupling measurements allow more generalized EFTs
e.g. Higgs Effective Field Therory (HEFT). In HEFT:

SU(2)L × U(1)Y non-linearly realized.

Higgs boson is not embedded in a SU(2)L-doublet: −→ More general coupling of Higgs.

HEFT ⊃ SMEFT ⊃ SM

In the energy scale much below the EW symmetry breaking, the relevant EFT is Low Energy
Effective Field Theory (LEFT)

LEFT can be derived from HEFT by integrating out the heavier particles – W±, Z, Higgs and top
quark.
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HEFT, SMEFT and LEFT

More number of operator in LEFT than in SMEFT =⇒ relations among LEFT WCs

Relations among LEFT WCs =⇒ indirect bounds

Violation of these relations =⇒ physics beyond SMEFT
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Outline:

SMEFT-predicted relations among LEFT/HEFT Wilson coefficients

SMEFT-predicted constraints on LEFT Wilson coefficients

Violations of SMEFT-predicted relation.

Effects beyonds SMEFT in charged-current semileptonic processes.

Effects beyond SMEFT in neutral-current semileptonic processes.
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SMEFT predictions for semileptonic processes: Operators and matching

An example derivation of relations among U(1)em invariant operators:

Vector operators LLLL (HEFT)

NC Count

[cVeLdL ]
αβij (ēαLγµe

β
L)(d̄

i
Lγ

µdjL) 81 (45)

[cVeuLL]
αβij (ēαLγµe

β
L)(ū

i
Lγ

µujL) 81 (45)

[cVνdLL]
αβij (ν̄αLγµν

β
L)(d̄

i
Lγ

µdjL) 81 (45)

[cVνuLL]
αβij (ν̄αLγµν

β
L)(ū

i
Lγ

µujL) 81 (45)

CC

[cVLL]
αβij (ēαLγµν

β
L)(ū

i
Lγ

µdjL) 162 (81)

Vector operators LLLL (SMEFT)

Operator Count

[C(1)
ℓq ]αβij (l̄αγµl

β)(q̄iγµqj) 81 (45)

[C(3)
ℓq ]αβij (l̄αγµτ

I lβ)(q̄iγµτ Iqj) 81 (45)

C
(1)αβij
lq O

(1)αβij
lq

= C
(1)αβij
lq (l̄αγµl

β)(ūiLγ
µujL + d̄iLγ

µdjL)

Matching among SMEFT and HEFT:

[cVνuLL]
αβij = ( [C(1)

ℓq ]αβij + [C(3)
ℓq ]αβij ) , [cVeuLL]

αβij = ([C(1)
ℓq ]αβij − [C(3)

ℓq ]αβij),

[cVνdLL]
αβij = ([C(1)

ℓq ]αβij − [C(3)
ℓq ]αβij) , [cVedLL]

αβij = ( [C(1)
ℓq ]αβij + [C(3)

ℓq ]αβij ) ,

[cVLL]
αβij = 2 [C(3)

ℓq ]αβij .
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SMEFT predictions for semileptonic processes: Relations among LEFT WCs

uiL → Su
L iju

j
L , uiR → Su

R iju
j
R ,

diL → Sd
L ijd

j
L , diR → Sd

R ijd
j
R ,

VCKM = (Su
L)

†Sd
L .

Resulting relations among HEFT LLLL Wilson Coefficients

Category Analytic relations Count

LLLL

V †
ik [ĉ

V
euLL]

αβkl Vℓj = U †
αρ [ĉVνdLL]

ρσij Uσβ 81 (45)

Vik [ĉ
V
edLL]

αβkl V †
ℓj = U †

αρ [ĉVνuLL]
ρσij Uσβ 81 (45)

V †
ik [ĉ

V
LL]

αβkj = [ĉVedLL]
αρij U †

ρβ − U †
ασ [cVνdLL]

σβij 162 (81)

These relations are independent of any assumptions for the flavor structure in NP.

We derive 17 classes of such relations (2223 relations with explicit flavor indices).

In the scenario when SMEFT only contains four-fermionic operators i.e. the ‘UV4f’ scenario, the
above relations will be applicable for WCs in LEFT as well.
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SMEFT predictions: Indirect bounds on (µ̄γσµ)(ūγσu), (ν̄γ
σν)(d̄γσd)
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SMEFT predictions: Indirect bounds on (ν̄γσν)(ūγσu)
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SMEFT predictions: Indirect bounds on (µ̄γσν)(ūγσd)
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SMEFT predictions for semileptonic processes: key points

Systematic exploration of SMEFT predictions for all semileptonic operators taking the full
expansion of the CKM matrix.

These prediction are independent of any assumptions about the alignment of the mass and flavor
bases for the quarks.

Implications of the violation of SMEFT predictions:

Physics beyond UV4f
Large contribution from dimension-8 SMEFT operators
Physics beyond SMEFT
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Identifying effects beyond SMEFT in b → cτν − τ channel

Λ

𝜋

𝜃𝑐

Λb

𝑊∗ Λc Ԧ𝑝Λ𝑐

𝜃𝑙

ҧ𝜈𝜏
𝜒

𝜏

- rest frameΛc

- rest frameΛb

-rest frame𝑊∗

1

(dΓ/dq2)

dΓ

dq2 d cos θc d cos θl dχ

= A0 +A1 cos θc +A2 cos θl

+A3 cos θc cos θl +A4 cos2 θl

+A5 cos θc cos
2 θl

+A6 sin θc sin θl cosχ

+A7 sin θc sin θl sinχ

+A8 sin θc sin θl cos θl cosχ

+A9 sin θc sin θl cos θl sinχ .

OLR
V ≡ (τ̄ γµPLντ )(c̄γµPRb)

Large contribution coming from OLR
V would imply effects beyond SMEFT.

Our goal is to find angular observables in Λb → Λc(→ Λπ)τντn that can distinguish effects of large
OLR

V .
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Beyond-SMEFT effects in angular observables in Λb → Λc(→ Λπ)τ ν̄τ
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Identifying effects beyond SMEFT in b → sττ

EFT for processes involving b → sττ channel

Heff = −4GF√
2
VtbV

∗
ts

αe

4π

(∑

i

CiOi +
∑

j

C ′
jO

′
j

)
,

where the scalar and pseudoscalar operators are

O
(′)
S =

[
s̄PR(L)b

][
ℓℓ
]
, O

(′)
P =

[
s̄PR(L)b

][
ℓγ5ℓ

]
.

SMEFT predictions : CS = −CP , and C′
S = C′

P.
Non-SMEFT effect can be parameterized as

CS + CP ≡ ∆C , C′
S − C′

P ≡ ∆C′ .

We consider the following scenarios

1 SM,

2 VA: where NP is present only in vector operators,

3 SP: where NP is present only in scalar operators with, ∆C(′) = 0

4 S̃P: where NP is present only in scalar operators with ∆C(′) ̸= 0 .
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Beyond-SMEFT effects in B → K∗0τ+τ− angular observables
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Summary

We find 17 classes (2223 with generation indices) of relations among LEFT WCs based on the
SU(2)L × U(1)Y invariance of SMEFT.

Based on these relations, we find indirect bounds on WCs which are in some cases weakly
constrained in direct experiments.

Violation of these relations implies existence of physics beyond SMEFT.

Effects beyond SMEFT can be probed indirectly in low energy flavour physics observables.

We find the effectiveness of different angular observables in Λb → Λc(→ Λπ)τντ and B → K∗τ+τ−

decay, which can distinguish non-SMEFT effects from other NP scenarios present within SMEFT.

Thank you for your attention!
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Backup: Beyond-SMEFT effects in angular observables in Λb → Λc(→ Λπ)τ ν̄τ
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