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Introduction and
motivation
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Higgs couplings

@ Run-Il LHC

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

Higgs self-interaction (trilinear & quartic)

Light Yukawa coupling
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Higgs trilinear coupling in : V

single Higgs rates. e g, «g;%ﬂ M

NLO-corrections to single Higgs processes
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SMEFT vs k

-formalism

Will be used in the fit
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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 k.



4-Fermion operators
in Higgs processes



SMEFT RGE analysis Do s

The top Yukawa is modified by

! ‘ SMEFT - same story for the i _;
H H i g 1
- _|_ - : /,/’ ]
t t bottom-, 1 LA, de Blas & Grober (Preliminary) -
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—Lptt = Yt 7?RQECIL + A2 ¢¢T t_RQEQL h.c.
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-+ -+ - The mass becomes: C,
t % v ( V2 thﬁ)
me = —= \ Yt — : N
V2 V2 A? Finite
Examining the SMEFT running of the top Yukawa The RGE correction by the 4-
modifier, we see that several of SMEFT Wilson-coefficient neavy quark operators to Higgs
appear: Drocesses via the top/bottom
dc ’ s significant.
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And for the bottom quark, considering the most relevant are weakly constrained
2
Iudjbqﬁ _ 1? _ (_2 ((ZNC +1) Céglt)gb 4 <CF>Cgt)5b) yt) Hartland et al. 19, Degrande et al. 20, Ethier et
H d al.”21 ATLAS "18 and CMS 20.



Four-heavy-quark
operators in single

Higgs rates.

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

The gluon fusion, and h — yy @ 2 loop and the
decay h — bb @ 1 loop were calculated manually.

For tth a modified SMEFT@NLO model was used

to cross-check the manual calculation @ Tloop
with MadGraph.
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Cross-checked with Gauld, Becjak and Scott 16
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NLO Calculation results

Doing the NLO calculations, we find the Higgs rate correction

dependence on the 4-heavy quark Wilson coefficients to be

SR(C;)-1072 CY) CS) Cors  Comn

egF/ gg— h 0.950 1.267 -2.230 -0.425

tth -31.390 4.250  -0.781 0.315
h — vy -0.291  -0.388 0.173 0.033
h — bb S —  -99.035 -11.029

Degrassiet al 16

dR(C;) - 1072 Co
ggF/ gg— h -0.31
tth -1.64
gg — 7y -0.23
gg — bb 0.00
gg — WTW~— -0.34
g9 — 474 -0.39
pp — Zh -0.56
pp — W*h -0.48
VBF -0.30

Compared to Cy, we observe

that the NLO corrections to

Higgs rates from 4-heavy quark

coefficients are overall large.

Higgs Rate correction

We adopt the definition of for the

Higgs rates dependence on Wilson-coefficients oR:

_ 2y ) dwdwa fi(@) 5 (22)2R(M Lo (Ci)Mro)

0 :
y > [ daidas fi(@1) f; (@2) Mo ?
ST — fd@Q%(MNLO(Ci)MLo)
fd<I>|/\/lLO|2 '

The finite contributions are significant, particularly

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

won't be sufficient.
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Experimental input

We use Run-II inclusive Higgs
measurements from both CMS

(137 fb~1) and ATLAS (139 fb~ 1)
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2 parameter fits

An MCMC-based Bayesian fit was

Trilinear coupling schemes 4 conducted with a Likelihood build from

There are two possibilities to define the

| | C, and a 4-Fermion Wilson coefficient .
Higgs rates as a function of C¢ .

The first is the resummed definition
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: Notice also the u schemes :
B ] S S S ST TR TR U R N
—1 0 0.5 1.0 1.5 2.0
The fit highly depend on which Ay scheme Ol [TeV O [TeV

that is used in it. 13



2 parameter fits
summary
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Clioy= [2.970,2.335]

Alternative Wilson

coefficients e t
- p = =80.40%
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To capture the actual d.o.f we
are constraining. We have
defined new coefficients:

(1) (8)
= (2N, + l)CQ op T+ + c.C 010’

where only CQth could be

Qth

constrained.

Except for tth, all the NLO corrections contain this Wilson

coefficients’ combination.

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

this combination and not CY) & C®) separately.

QtOb QtOb
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LA, de Blas & Grober (Preliminary)
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4 parameter fit

Combined fit using the linear 45 scheme.
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L.A., de Blas & Grober (Preliminary)
Cl))=[-2.08,1.16]

| C5)=[22.286.32]

1 8
Cézt) Cézt) Cogy Cy

1 087 -0.53

pE A

| Cf,0,=[-0.93,5.16]

1

C, = [-22.9,7.5)

4 parameter fit

Combined fit using the ressumed A5 scheme.
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HIL-LHC
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Conclusion and
outlook
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Constraining the trilinear

CONCLUSION coupling from single Higgs

measurements is faced with
many challenges.

] Better constraints 9 Strong correlation

were achieved on the 4- between the 4 heavy quark
neavy quark operators Wilson coefficients and
from Higgs data compared Higgs trilinear coupling has
to top data. been observed.

3 The fit dependence 4 Di-Higgs

on the A3 scheme, and seems to be our best

potential contributions shot to constraining the
from dim 8 operators, trilinear coupling.

adds more challenges. 20



OUTLOOK

A global SMEFT fit
including operators
entering at NLO and
flavour is the next
natural step

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

Compute the contribution of these
operators for STXS not just inclusive
rates.

Do a fit including Light quark Yukawa
modifiers C, g with Cy using single Higgs
data.

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

21









PExp £ OpExp @y/s = 13 TeV (symmetrised)

Production Decay ATLAS 139fb~* CMS 137fb~! Refs
h — vy 1.030 £ 0.110 1.07 +£0.12 [36, 37]
h— ZZ 0.9375 + 0.105 0.98 +0.115
ggF h— WHW- 1.080 £+ 0.185 1.28 +0.195 [36, 38]
h— 71 0.995 + 0.575 0.39 4 0.385
h — bb 2.45 % 2.44 [38]
h — vy 1.295 + 0.245 1.044+0.32 [36, 37]
h— ZZ 1.295 + 0.455 0.57 +0.41
VBF h— WHW- 0.610 % 0.350 0.63 +£0.63 [36, 38
h— 7F7" 1.130 £ 0.55 1.05 £+ 0.295
h — bb 3.005 & 1.645 [36]
h — vy 0.885 4+ 0.255 1.354+0.31 [36, 37]
h—VV 1.705 + 0.545
tth h— 771" 1.13+1.0 36
h — bb 0.78 £+ 0.595
h—VV +71rr- 0.92 4 0.24 39
h — vy 1.305 £+ 0.315 1.344+0.345 [36, 37]
vh h— ZZ 1.425 £+ 1.025 1.104+0.85 [36, 38]
h— WHW- 1.85 + 0.438 [40]
h — bb 1.01540.175 [36]
7h h — 7'_+7'_ 1.53 +1.30
h — bb 0.93 4+ 0.32 38]
Wt h — 7'_+7'— 3.01 +1.60
h — bb 1.27 £0.41

Numeric values of the
experimental data

®,

Measurements of the Higgs rates’
signal strengths from both CMS
and ATLAS were used.

f the uncertainties were not
symmetric, they have been
symmetrised.

For the HL-LHC the sensitivity
estimates from WG2 report .

Using combination of CMS and
ATLAS.
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T T T T T 1 T T 1 T T 1 T T 1 T T 1 T T 1 T T 1 <Cgt)> 95% CI
ul AL 1.119 0.46, 1.753]
ult, AL 0.978 0.498, 1.461]
\] Otice hOV\/ the Y 0.137 -0.634, 0.8
pft AL 0.079 -0.583, 0.745]
fit is cha NgeS top O(A) 0016  [-1.83, 1862
: top O(A2) -18.0 -195.0, 159.0]
Wh e n C h a ngl ng I I | | I I | | I I | | I I | I I | | I I | | I I | | I I |
—4 -3 -2 -1 0 1 2 3 4
o) [TeV 2]
the u scheme . *
I I I I I I I I I I I I I I I I I I I I I I I I <Cc(g8t)> 95% CI
o o s o ) parameter
uf AL -8.519  [[12.461, -4.593] .
Y. 0842 [-6.678, 5.609) flts (HlOI'@
uft AR 2.055  [-7.797, 3.677 .
top O(A™H) 0434 [4.213,3.346 d@tallS)
top O(A~2) 7192 [-5.722, 20.105]
| | | | | | | | | | | | | | | | | | | | | | | | | | | |
—15 —10 —5 0 5 10 15
Cp) [Tev—2
Q1 [ TeV™7]
I I I I I I I I I I I <O(8)> 95(701 T T 1 L T T 1 T T 1 T T 1 T T T T 1 T T 1 <C(1)> 95WCI
QIQY ’ QtQY ’
pl, A 0.757 -1.083, 2.532] pl Ak . 0.152 -0.178, 0.47]
pft AL -1.572 -3.859, 0.577] pft AL ° -0.252 -0.68, 0.152]
pl, & 0.5 -0.863, 1.924] pl A . 0.093 -0.16, 0.353]
pft AL -0.064 -2.143, 2.016] pft AL . -0.01 -0.399, 0.378]
top O(A™%) 0.0 -14.0, 14.0] top O(A™4) o 0.05 -5.4, 5.5]
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