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Higgs couplings

Higgs self-interaction (trilinear & quartic)

Light Yukawa coupling

@ Run-II LHC

The coupling between the Higgs and gauge 
bosons and 3rd generation quarks are 
approaching precision.  However we are still 
missing
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Higgs trilinear coupling in 
single Higgs rates.

NLO-corrections to single Higgs processes

The trilinear Higgs couplings appear in single Higgs 
production and decay processes at NLO.  
By computing these NLO correction,  it is possible to set 

constraints on  from single Higgs measurements.  
Bizon et al. ’16,  Gorbahn & Haisch ’16 and Degrassi et al. ’16
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HA global EW fit from Higgs data including the trilinear 
Higgs coupling can be added to increase the sensitivity of 

Run-II di-Higgs constraint on . 
Degrassi et al. ’17,  Di Vita et al. ’17, Kribs et al. ’17, ATLAS ’20  Degrassi et al. ’21

κλ



SMEFT vs 
-formalism

κ
In order to preform the fits with 
SMEFT Wilson-coefficients in a 
consistent manner, we introduce 
a mapping that links the the 

SMEFT Wilson coefficients to .  κλ
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κλ = 1 − 2
v4

M2
h

Cϕ

Λ2
+ 3CH

Strongly constrained by EWPOWill be used in the fit

CH =
CH,□
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4 - F e r m i o n  o p e r a t o r s  
i n  H i g g s  p r o c e s s e s
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SMEFT RGE analysis

The top Yukawa is modified by 
SMEFT - same story for the 
bottom-.  

 
The mass becomes: 

The RGE correction by the 4-
heavy quark operators to Higgs 
processes via the top/bottom 
Yukawa is significant.  
Moreover, these operators’ 
Wilson coefficients themselves 
are weakly constrained 

Hartland et al. ’19, Degrande et al. ’20, Ethier et 
al. ’21 ATLAS ’18 and CMS ’20. 

7

Finite

Examining the SMEFT running of the top Yukawa 
modifier, we see that several of SMEFT Wilson-coefficient 
appear: 

 
And for the bottom quark, considering the most relevant  

L.A., de Blas & Gröber (Preliminary)



Four-heavy-quark 
operators in single 
Higgs rates.

Full NLO calculation with these 4-heavy 
quark operators was carried out 

The gluon fusion, and  @ 2 loop  and the 

decay  @ 1 loop were calculated manually. 

For  a modified SMEFT@NLO model was used 

to cross-check the manual calculation @ 1loop 
with MadGraph.

h → γγ
h → bb̄

tt̄h
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(d)(c)

(b)(a)

(e)

/ (b)(a)

(c)

(a) (b)

(c) (d)

(e)
 Cross checked with R.Gauld, B. Pecjak, and D. Scott (2016)Cross-checked with Gauld, Becjak and Scott ‘16



R e s u l t s
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NLO Calculation results

Compared to , we observe 

that the NLO corrections to 
Higgs rates from 4-heavy quark 
coefficients are overall large.

Cϕ

Higgs Rate correction

We adopt the definition of Degrassi et al. ’16 for the 

Higgs rates dependence on Wilson-coefficients : δR
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Degrassi et al ‘16

The finite contributions are significant, particularly 

for . Hence, the use of RGE analysis in the fit 

won’t be sufficient.

tt̄h

Doing the NLO calculations, we find the Higgs rate correction 
dependence on the 4-heavy quark Wilson coefficients to be

L.A., de Blas & Gröber (Preliminary)



F i t s  f o r  L H C
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Experimental input

g g F

tt̄h

V B F Vh

We use Run-II inclusive Higgs 
measurements from both CMS 

( ) and ATLAS ( )137 fb−1 139 fb−1
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An MCMC-based Bayesian fit was 
conducted with a Likelihood build from 

 and a 4-Fermion Wilson coefficient .Cϕ

2 parameter fits
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Trilinear coupling schemes :λ3
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Notice also the  schemesμ

There are two possibilities to define the  

Higgs rates as a function of  . 

The first is the resummed definition 

 

Where  

and .  

While the second is the linear SMEFT : 

Cϕ

Σλ3
= − 2

Cϕv2

Λ2m2
h

C1 + (−4
Cϕv4

Λ2m2
h

+ 4
C2

ϕv8

m2
hΛ4 ) C2

C2 =
δZh

1 + (4
Cϕv4

Λ2m2
h

− 4
C2

ϕv8

m2
hΛ4 ) δZH

,

δZh = −
9
16

GFm2
h

2π2 ( 2π

3 3
− 1)

Σλ3
= − 2

Cϕv2

Λ2m2
h

C1 − 4
Cϕv4δZh

Λ2m2
h

The fit highly depend on which  scheme  

that is used in it.

λ3

L.A., de Blas & Gröber (Preliminary) L.A., de Blas & Gröber (Preliminary)
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L.A., de Blas & Gröber (Preliminary)

L.A., de Blas & Gröber (Preliminary)
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Alternative Wilson 
coefficients 

To capture the actual d.o.f we 
are constraining. We have 
defined new coefficients: 

 

where only  could be 

constrained.  

C±
QtQb = (2Nc + 1)C(1)

QtQb
± cFC(8)

QtQb,

C+
QtQb

Except for , all the NLO corrections contain this Wilson 

coefficients’ combination. 

Since   is small for these coefficients, the actual d.o.f is 

this combination and not  separately.

tt̄h

tt̄h
C(1)

QtQb & C(8)
QtQb
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L.A., de Blas & Gröber (Preliminary)
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4 parameter fit

Combined fit using the linear  scheme. λ3
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L.A., de Blas & Gröber (Preliminary)
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4 parameter fit
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L.A., de Blas & Gröber (Preliminary)

Combined fit using the ressumed  scheme. λ3
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HL-LHC 
reach
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L.A., de Blas & Gröber (Preliminary)



C o n c l u s i o n  a n d  
o u t l o o k
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1 Better constraints
were achieved on the 4-
heavy quark operators  
from Higgs data compared 
to top data.

4 Di-Higgs
seems to be our best 
shot to constraining the 
trilinear coupling. 

2 Strong correlation
between the 4 heavy quark  
Wilson coefficients and 
Higgs trilinear coupling has 
been observed.

3 The fit  dependence
on the  scheme, and 

potential contributions 
from dim 8 operators, 
adds more challenges.

λ3

CONCLUSION
Constraining the trilinear 
coupling from single Higgs 
measurements is faced with 
many challenges. 
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Compute the contribution of these 
operators for STXS not just inclusive 
rates.

Do a fit including Light quark Yukawa 

modifiers  with  using single Higgs 

data.

CqH Cϕ

Preform - hopefully- a global fit including 
NLO operators and flavour  

Calculate the NLO contributions to Higgs 
rates for more weakly bound operators.

OUTLOOK

A global SMEFT fit 
including operators 
entering at NLO and 
flavour is the next 
natural step
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T h a n k  Y o u  !
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B a c k u p
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If the uncertainties were not 
symmetric, they have been 
symmetrised.

Numeric values of the 
experimental data 

Measurements of the Higgs rates’  
signal strengths from both CMS 
and ATLAS were used.
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• [36] ATLAS-CONF-2020-027

• [37] CMS CERN-EP-2021-038 

• [38] CMS-PAS-HIG-19-005 

• [39] CMS-PAS-HIG-19-008  

• [40]  CMS-PAS-HIG-19-017 

For the HL-LHC the sensitivity 
estimates from WG2 report . 
Using combination of CMS and 
ATLAS.

https://arxiv.org/pdf/2103.06956.pdf
https://arxiv.org/pdf/1902.00134.pdf


Notice how the 
fit is changes 
when changing 

the  scheme .μ
2 parameter 
fits (more 
details)
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