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Why ZH production?
Third largest contribution to H production
cross section

Study of H → bb̄

Why SMEFT?
Can study anomalous Higgs-Fermion
interactions

Can study anomalous Higgs-Gauge-Boson
interactions
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Note that a SM Powheg code has recently been published Davies, Schönwald, Steinhauser,
Stremmer 26’
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Introduction/Motivation



Modification to Top Yukawa

OtH = H†H(Q̄LH̃tR) + h.c.

Modification to Quark-Gauge-Higgs

OHt = (iH†
←→
D µH)(̄tRγµtR) ,

O(1)
HQ = (iH†

←→
D µH)(Q̄Lγ

µQL) ,

O(3)
HQ = (iH†

←→
D I

µH)(Q̄Lτ
IγµQL)

Higgs Kinetic Terms

OHD = (H†DµH)∗(H†DµH) OH□ = (H†H)□(H†H)

Loop Induced Operators

OtG = Q̄Lσ
µνT aGµνH̃tR + h.c.

OHG = H†HGµνGµν

Light Quark Operators

OHu = (iH†
←→
D µH)(ūRγ

µuR) ,

OHd = (iH†
←→
D µH)(d̄Rγ

µdR) ,

O(1)
Hq = (iH†

←→
D µH)(q̄Lγ

µqL) ,

O(3)
Hq = (iH†

←→
D I

µH)(q̄Lτ
IγµqL)
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SMEFT Operators



Already have analytical SM Born

SMEFT can introduce new Lorentz structures (in qq̄G0-vertices) and new vertices.

Cancellation of Triangles

Operators OHt ,O(1)
HQ and O(3)

HQ cancel in triangles (Rossia, Thomas, Vryonidou 23’):

Thus no new diagrams or Lorentz structures need to be computed
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Computation of Born



Modification of Box Diagrams

Modifications Htt̄ and Zt t̄ , thus:

1+
[

CH□ − 1
2

CHD − C(1)
HQ + CHt + C(3)

HQ − CtH
v

mt
√

2

]
v2

Λ2

Modification of Triangle Diagrams

CH□
v2

Λ2
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Computation of the Born Amplitude



Virtuals in the SM (Selection)
Bellafronte, Degrassi, Giardino, Gröber, Vitti 22’:
via Padé[1,1] transverse momentum expansion and
Padé[6,6] high energy expansion

Chen, Heinrich, Jones, Kerner, Klappert, Schlenk 21’:
Exact numerical results (PySecDec) for specific
phase-space points and m2

t = 23/12 m2
H

Davies, Grau, Schönwald, Steinhauser, Stremmer 25’:
Deep expansions in high-energy region and around
the forward limit

Will use Degrassi, Gröber, Vitti, Zhao 22’, which is based on
Bellafronte et. al. after validating against numerical results.
Can also be used to study top-mass scheme
uncertainties.
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Real Radiation
Use GoSam-3.0 Braun, Campillo,
Heinrich, Höfer, Jones, Kerner,
Lang, Magerya 25’

Can do both: SM and SMEFT
with truncation orders

Virtual Corrections and Real Radiation



PySecDec

pT[1/1]

HE[6/6]
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Plot taken from BC et. al. 25’
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Comparison between Virtuals in the SM



We have our analytical virtual. How to obtain SMEFT?

We only look at QCD corrections!

No new insertion of our SMEFT operators possible!

Modification of Boxes
Get same modification as in Born diagrams:

□SMEFT = □SM

(
1 +

[
CH□ − 1

2CHD − C(1)
HQ + CHt + C(3)

HQ − CtH
v

mt
√

2

]
v2

Λ2

)
Modification of Triangles

Get same modification as in Born diagrams: △SMEFT = △SM

(
1 + CH□

v2

Λ2

)
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Virtuals in SMEFT



Modification of Double-Triangles
double-triangles with only top-loops:△

△SMEFT,t =

△

△SM,t

(
1 +

[
CH□ − 1

2CHD − C(1)
HQ + CHt + C(3)

HQ − CtH
v

mt
√

2

]
v2

Λ2

)
double-triangles with a bottom-loop:△

△SMEFT,b =

△

△SM,b

(
1 +

[
CH□ − 1

2CHD − v√
2mt

CtH − CHb + C(1)
HQ + C(3)

HQ

]
v2

Λ2

)
double-triangles with one light-quark loop:△

△SMEFT,q =

△

△SM,b

(
1 +

[
−CHu − CHd − CHc − CHs + 2C(1)

Hq1 + 2C(1)
Hq2

]
v2

Λ2

)
.

△

△SM,b = double-triangles with one top and one bottom loop

△

△SM,t = double-triangles with only top loops
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Virtuals in SMEFT



One or two-loop?
The operators are loop-induced in renormalisable weakly coupled UV theories, and thus these are
actually two-loop diagrams.

Higgs-gluon couplings
"Integrate out" one triangle

Chromomagnetic Operators
Will modify quark-gluon couplings in
Born-like diagrams

Introduces new q̄qHg - vertices
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Virtuals in SMEFT: Loop Induced Operators



10 5

10 4

10 3

10 2

10 1

100
d dp

t,
H
 [

fb Ge
V
]

SM LO
SM NLO
 NLO C(1)

HQ = 2.8, C(3)
HQ = 0.9, CHt = 7.53, quadratic

NLO C(1)
HQ = 2.8, C(3)

HQ = 0.9, CHt = 7.53, linear
NLO C(1)

HQ = 2.1, C(3)
HQ = 1, CHt = 9.4, quadratic

NLO C(1)
HQ = 2.1, C(3)

HQ = 1, CHt = 9.4, linear

200 300 400 500 600 700 800 900 1000
pt, H [GeV]

10 5

10 4

10 3

10 2

10 1

100

d dp
t,

H
 [

fb Ge
V
]

SM LO
SM NLO
LO C(1)

HQ = 2.8, C(3)
HQ = 0.9, CHt = 7.53, quadratic

LO C(1)
HQ = 2.8, C(3)

HQ = 0.9, CHt = 7.53, linear
LO C(1)

HQ = 2.1, C(3)
HQ = 1, CHt = 9.4, quadratic

LO C(1)
HQ = 2.1, C(3)

HQ = 1, CHt = 9.4, linear

10 5

10 4

10 3

10 2

10 1

100

d dp
t,

H
 [

fb Ge
V
]

SM LO
SM NLO
 NLO C(1)

HQ = 2.8, C(3)
HQ = 0.9, CHt = 7.53, quadratic

NLO C(1)
HQ = 2.8, C(3)

HQ = 0.9, CHt = 7.53, linear
NLO C(1)

HQ = 2.1, C(3)
HQ = 1, CHt = 9.4, quadratic

NLO C(1)
HQ = 2.1, C(3)

HQ = 1, CHt = 9.4, linear

200 300 400 500 600 700 800 900 1000
pt, H [GeV]

0

10

20

30

K-
Fa

ct
or

s

Bounds are taken from Hoeve, Mantani, Rojo,
Rossia, Vryonidou 25’

High pT -tail very sensitive to SMEFT

K-factors vary a lot

Linear truncation order (orange) can turn
negative!

SMEFT NLO can be mistaken for SM LO
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PRELIMINARY Results: Higgs Transverse Momentum



Implemented SMEFT dimension-6 operators combined with NLO QCD corrections to gg → ZH

Allows study of SMEFT operators at linear and quadratic truncation order

K-factors in the presence of SMEFT operators can be smaller than in the SM in the high-pT
region

SMEFT NLO distribution can be mistaken for LO SM

POWHEG-BOX code will be published in due time
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Conclusion



Vary: □SMEFT = □SM
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Varying the Box coefficient
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Other Wilson Coefficients
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