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Introduction

• The Standard Model (SM) must be extended.

• Effective Field Theories (EFTs): search for NP with
minimal UV assumptions.

• This talk focuses on Standard Model Effective Field
Theory (SMEFT) at dim 6 (Warsaw basis,
([Grzadkowski,Iskrzynski,Misiak,Rosiek,’10])).

• Operators built with SM fields, invariant under gauge
group: SU(3)C ⊗ SU(2)W ⊗U(1)Y.

LSMEFT = LSM +
∑
Di=6

Ci
Λ2
Oi,

https://arxiv.org/abs/1008.4884v3
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Status of the Higgs-gluon coupling in the SMEFT

Several groups have studied the Higgs-gluon coupling with
different subsets of the SMEFT operators:

• OtG [Choudhury,Saha,’12].

• OtG,Otϕ,Oϕ□/ϕD [Degrande et al.,’12].

• Otϕ/bϕ,OϕG,OtG [Grazzini,Ilnicka,Spira,Wiesemann,’16],
[Grazzini,Ilnicka,Spira,’18], [Battaglia,Grazzini,Spira,Wiesemann,’21].

• geoSMEFT approach: [Corbett,Martin,Trott,’21],[Martin,Trott,’23].

• O4t@2 loop in pp→ h [Alasfar,de Blas,Gröber,’22] .

https://arxiv.org/pdf/1201.4130.pdf
https://arxiv.org/pdf/1205.1065.pdf
https://arxiv.org/pdf/1612.00283.pdf
https://arxiv.org/pdf/1806.08832.pdf
https://arxiv.org/pdf/2109.02987.pdf
https://arxiv.org/pdf/2107.07470.pdf
https://arxiv.org/pdf/2305.05879.pdff
https://arxiv.org/pdf/2202.02333.pdf
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Four-top operators in Higgs-gluon coupling.

• We focus on four-top operators:

L4t =
C(1)QQ

Λ2

(
Q̄LγµQL

) (
Q̄Lγ

µQL
)
+
C(3)QQ

Λ2

(
Q̄Lτ

IγµQL
) (
Q̄Lτ

IγµQL
)

+
C(1)Qt

Λ2

(
Q̄LγµQL

)
(t̄Rγ

µtR) +
C(8)Qt

Λ2

(
Q̄LT

AγµQL
) (
t̄RT

AγµtR
)

+
Ctt
Λ2

(t̄RγµtR) (t̄Rγ
µtR) .

• Direct probes are difficult due to the small cross section.

• Alternative methods are possible.
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State of the art

• Indirect bounds from single Higgs production are
competitive with

• Top quark data ([Ethier et. al.,’21]) ( New bounds in
[Celada et al.,’24]),

• EWPO ([Dawson,Giardino,’22], [de Blas, Chala, Santiago,’15]).

(Λ = 1TeV)

[Alasfar,de Blas,Gröber,’22]

• Possible bounds also from flavour observables
([Silvestrini,Valli,’18]).

https://arxiv.org/abs/2105.00006
https://arxiv.org/pdf/2404.12809.pdf
https://arxiv.org/abs/2201.09887
https://arxiv.org/abs/1507.00757
https://arxiv.org/pdf/2202.02333.pdf
https://arxiv.org/abs/1812.10913v2
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Dimensional regularisation and chiral couplings

• Four-top operators enter the Higgs-gluon coupling at
two-loop level.

• In loop computations, the continuation 4→ D space-time
dimensions is required to regularise the integrals.

• Four-top operators involve chiral vertices: γ5 enters the
computation.

• γ5 is a purely 4-dimensional object: a continuation
scheme must be chosen.

• For the details, see [Di Noi et al.,’23].

https://arxiv.org/pdf/2310.18221.pdf
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Continuation to D dimensions schemes for γ5

• Naive Dimensional Regularisation (NDR): assumes
that the 4-dimensional relations hold also in D dimensions:

{γµ, γν} = 2gµν , {γµ, γ5} = 0.

Computationally fast.
Algebraically unconsistent (loss
of trace cyclicity).

• Breitenlohner-Maison-’t Hooft-Veltman Scheme
(BMHV): divides the algebra in a four-dimensional part
and a (D − 4)-dimensional one:

γ(D)
µ = γ(4)µ + γ(D−4)

µ ,

{γ(4)µ , γ5} = 0, [γ(D−4)
µ , γ5] = 0.

Algebraically consistent.

May break Ward identities
(e.g., [Larin,’93]).

Computationally demanding.

https://arxiv.org/abs/hep-ph/9302240
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Higgs-gluon coupling with four-top operators

• We compute the four-top contribution to gg → h using
NDR and BMHV (reviewing the result in [Alasfar,de
Blas,Gröber,’22]):

g

g

h

g

g

h

g

g

h

• Poles in htt̄, mt corrections are scheme-independent.

https://arxiv.org/pdf/2202.02333.pdf
https://arxiv.org/pdf/2202.02333.pdf
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Poles and Anomalous Dimension I

• The pole in gtt̄ correction is scheme-dependent.
g

g

h

∣∣∣∣∣
DIV

= KtG ×
(
C(1)Qt −

1
6C

(8)
Qt

)
1
Λ2 gsmt

1
ϵ

√
2

4π2

(
m2

h
2 gµ1µ2 − pµ21 p

µ1
2

)
,

KtG =

{√
2mtgs
16π2v

(NDR)

0 (BMHV).

• The anomalous dimension (AD) of OϕG depends on
the scheme! → log terms scheme-dependent!

g

g

h = −4iv CϕG
Λ2

(
m2

h
2 gµ1µ2 − pµ21 p

µ1
2

)
, OϕG = ϕ†ϕGµνG

µν ,

16π2µ
dCϕG
dµ

= −4
√
2ght̄tgs

(
CtG︸︷︷︸
1L

+KtG

(
C(1)Qt −

1

6
C(8)Qt

)
︸ ︷︷ ︸

2L, new

)
.
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Poles and Anomalous Dimension II

• The scheme-dependence of the LO AD involving
(L̄L)(R̄R) is known (e.g., b→ sg, sγ, [M. Ciuchini et al.,’93]).

• Idea: the coefficient of the chromomagnetic operator
OtG = Q̄Lσ

µνTAtRϕ̃G
A
µν (which enters at one-loop)

depends on the scheme :

16π2µ
dCϕG
dµ = −4

√
2ght̄tgs

(
CtG +KtG

(
C(1)Qt −

1

6
C(8)Qt

))
︸ ︷︷ ︸

C̃tG

.

• CtG,KtG depend on the scheme, C̃tG does not.

• KtG can be computed via a one-loop diagram:

g

t

t

=
C(1)
Qt−

1
6
C(8)
Qt

CtG
KtG × g

t

t

, g

t

t

p

= −CtG
Λ2

√
2vTAσµνpν .

• OtG,O4t enter at the same order [G. Buchalla et al.,’22].

https://arxiv.org/pdf/hep-ph/9307364.pdf
https://arxiv.org/pdf/2204.11808.pdf
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Finite parts

• O4t and OtG have a non trivial interplay and
shouldn’t be treated in isolation.

• Can the scheme-dependence coefficient give a
scheme-independent result for the finite part?

g

g

h +

g

g

h

∣∣∣∣∣
FIN

=

=

[
CtG +

(
C(1)Qt −

1

6
C(8)Qt

)
KtG

]
1

Λ2
MtG|FIN≡

C̃tG
Λ2
MtG|FIN

• ... Yes.
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SMEFT in NDR vs BMHV

• With this set of redefinitions, the two schemes give the
same result (both for the finite parts and the AD).

CNDR
tG = CBMHV

tG −
(
C(1)Qt −

1

6
C(8)Qt

) √
2ght̄tgs
16π2

,

gNDR
ht̄t = gBMHV

ht̄t − ght̄t
(
C(1)Qt +

4

3
C(8)Qt

)
(m2

h − 6m2
t )

16π2Λ2
,

mNDR
t = mBMHV

t +

(
C(1)Qt +

4

3
C(8)Qt

)
m3
t

8π2Λ2
.

• Computed via one-loop diagrams.

• Validated by a matching with a UV model (top-down
approach).



S. Di Noi

Intro

4t in hgg

Conclusions

Backup

12/14

SMEFT in NDR vs BMHV

• With this set of redefinitions, the two schemes give the
same result (both for the finite parts and the AD).

CNDR
tG = CBMHV

tG −
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Conclusions

• Finite parts and AD are scheme-independent if
XNDR = XBMHV +∆X, X = CtG, ght̄t,mt.

• O4t and OtG shouldn’t be treated in isolation.

• In the bottom-up approach, a connection between
NDR and BMHV is crucial for global fits.

• Documentation of continuation and renormalisation
scheme choices in EFT calculations and fits is
recommended.

• Not only four-top: other operators show this interplay
(e.g., O(1)

ϕQ = Q̄LγµQL

(
ϕ†i
←→
D

µ
ϕ
)
).
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Outlook

• Global map NDR vs BMHV in progress (with R. Gröber,
P. Olgoso).

• Global fit and interpretation in the two schemes (with H.
El Faham, R. Gröber, M. Vitti, E. Vryonidou )

Stay tuned!

Thank you for your attention!
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EFT notation

LD=6 = LSM + L4t + L2t + Ls,

LSM =− 1

4
GAµνG

Aµν − 1

4
W I
µνW

Iµν − 1

4
BµνB

µν +
∑
ψ

ψ̄i /Dψ

+ (Dµϕ)
†(Dµϕ)− λ

(
ϕ†ϕ− 1

2
v2
)2

− Yuϕ̃†ūRQL +H.c.,

L2t =
[Ctϕ
Λ2

(Q̄Lϕ̃tR)ϕ
†ϕ+

CtG
Λ2

Q̄Lσ
µνTAtRϕ̃G

A
µν +H.c.

]
,

Ls =
CϕG
Λ2

ϕ†ϕGµνG
µν .

(4.1)

• In unitary gauge ϕ = (1/
√
2)(0, (v + h))T :

LD=6 ⊃ −mtt̄t− ght̄tht̄t,

mt =
v√
2

(
Yt − v2

2

Ctϕ
Λ2

)
,

ght̄t =
1√
2

(
Yt − 3v2

2

Ctϕ
Λ2

)
= mt

v −
v2√
2

Ctϕ
Λ2 .
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Renormalised matrix element

• The renormalised matrix element is:
MRen

TOT =

(
C(1)Qt +

4

3
C(8)Qt

)
1

Λ2
MS.I.

ght̄t+mt
+

[
CtG +

(
C(1)Qt −

1

6
C(8)Qt

)
KtG

]
1

Λ2
MtG|FIN

+

[
1 +

(
C(1)Qt +

4

3
C(8)Qt

)
1

Λ2
Kht̄t

]
MSM(ght̄t,mt) +

(
C(1)Qt +

4

3
C(8)Qt

)
1

Λ2
Kmt

∂MSM

∂mt
×mt + CϕGMϕG

1

Λ2
.

• We define:

C̃tG = CtG +

(
C(1)Qt −

1

6
C(8)Qt

)
KtG,

g̃ht̄t = ght̄t

[
1 +

(
C(1)Qt +

4

3
C(8)Qt

)
1

Λ2
Kht̄t

]
,

m̃t = mt

[
1 +

(
C(1)Qt +

4

3
C(8)Qt

)
1

Λ2
Kmt

]
.

MRen
TOT =

(
C(1)Qt +

4

3
C(8)Qt

)
1

Λ2
MS.I.

ght̄t+mt

+
C̃tG
Λ2
MtG|FIN+MSM(g̃ht̄t, m̃t) +

CϕG
Λ2
MϕG.
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Matching with a UV model: Φ ∼ (8, 2) 1
2

• We can test the relations between the parameters in NDR
and BMHV matching the SMEFT with a UV toy model:

LΦ = (DµΦ)
†DµΦ−M2

ΦΦ
†Φ− YΦ

(
ΦA,†εQ̄TLT

AtR +H.c.
)
.

• Tree-level matching (in both schemes):

C(1)Qt

Λ2
= −2

9

Y 2
Φ

M2
Φ

,
C(8)Qt

Λ2
=

1

6

Y 2
Φ

M2
Φ

.

• One-loop matching + Fierz identities ([Fuentes-Martin et

al.,’22] ):
CNDR
tG

Λ2
=

1

16π2
Y 2
Φ

M2
Φ

√
2ght̄tgs
4

,
CBMHV
tG

Λ2
= 0.

• Using the tree-level matching for C(1,8)Qt , we can verify:

CNDR
tG = CBMHV

tG −
(
C(1)Qt −

1

6
C(8)Qt

) √
2ght̄tgs
16π2

.

https://arxiv.org/src/2211.09144v2/anc/resulttable.pdf
https://arxiv.org/src/2211.09144v2/anc/resulttable.pdf
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h→ b̄b rate in the SMEFT

Lb =
C(1)Qb

Λ2

(
Q̄LγµQL

) (
b̄Rγ

µbR
)
+
C(8)Qb

Λ2

(
Q̄LT

AγµQL
) (
b̄RT

AγµbR
)

+

[Cbϕ
Λ2

(ϕ†ϕ)Q̄LϕbR +H.c.

]
.

• The one-loop amplitude depends on the scheme:

ΓNDR,1L

h→bb̄
−ΓBMHV,1L

h→bb̄

ΓSM
h→bb̄

=
C(1)
Qb+

4
3
C(8)
Qb

8π2 Λ2 (m2
h − 6m2

b) +O
(

1
Λ4

)
.

• Using ΓX,TL

h→bb̄
∝ (gX

hb̄b
)2, X = NDR,BMHV.

gNDR
hb̄b

= gBMHV
hb̄b

− ghb̄b
(
C(1)Qb +

4
3C

(8)
Qb

)
(m2

h−6m2
b)

16π2Λ2 ,

ΓNDR,TL

h→bb̄
−ΓBMHV,TL

h→bb̄

ΓSM
h→bb̄

= −C(1)
Qb+

4
3
C(8)
Qb

8π2 Λ2 (m2
h − 6m2

b) +O
(

1
Λ4

)
.

• ΓNDR,TL

h→bb̄
+ ΓNDR,1L

h→bb̄
is scheme-independent!
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Are the log-enhanced terms enough?

• For every observable we can define (R = Γ, σ):

δR =
R

RSM
−1, δR(Ci) =

Ci
Λ2

(
δRfin(Ci) + δRlog(Ci) log

µ2R
Λ2

)

[Alasfar,de Blas,Gröber,’22]

• Finite terms are comparable with the log-enhanced
ones if Λ = O (TeV)!

https://arxiv.org/pdf/2202.02333.pdf


S. Di Noi

Intro

4t in hgg

Conclusions

Backup

20/14

Are the log-enhanced terms enough?

• For every observable we can define (R = Γ, σ):

δR =
R

RSM
−1, δR(Ci) =

Ci
Λ2

(
δRfin(Ci) + δRlog(Ci) log

µ2R
Λ2

)

[Alasfar,de Blas,Gröber,’22]

• Finite terms are comparable with the log-enhanced
ones if Λ = O (TeV)!

https://arxiv.org/pdf/2202.02333.pdf


S. Di Noi

Intro

4t in hgg

Conclusions

Backup

20/14

Are the log-enhanced terms enough?

• For every observable we can define (R = Γ, σ):

δR =
R

RSM
−1, δR(Ci) =

Ci
Λ2

(
δRfin(Ci) + δRlog(Ci) log

µ2R
Λ2

)

[Alasfar,de Blas,Gröber,’22]
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Is the SMEFT general enough?

• The SMEFT assumes a SM-like Higgs boson:

(φ̃, φ) =
v + h√

2
· U, U = exp

(
i
πIτ I

v

)
.

• The Higgs EFT (HEFT) instead assumes a more general
scenario: U and h are treated separately.

• SM⊂SMEFT⊂HEFT.

• Less correlations between coefficients in HEFT: (e.g., in
SMEFT g5h = vg6h but not in HEFT).

• Measure correlation→ insights about EW SSB.

• More about this topic in [Brivio,Trott,’17].

https://arxiv.org/abs/1706.089458
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RGESolver

• A C++ library that performs
RG evolution of SMEFT
coefficients (dim6, 1 loop)
([S.D.N.,Silvestrini,’22]).

• General flavour structure (as-
suming L,B conservation).

• Numerical and approximate
solutions of the RGEs with un-
precedented efficiency.

• Back-rotation effects easily
implemented.

• Authors:

◦ Stefano Di Noi,

◦ Luca Silvestrini.

https://arxiv.org/pdf/2210.06838.pdf
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