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Production process
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Top-Higgs are deeply connected




1. Higgs+WW+EWPO
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Higgs+Weak final states



2.Top
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SMEFIT analysis of LHC top quark data

I SMEFIT global (marginalised)
B SMEFIT individual
Il LHCtopWG EFT note
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Run II, ATLAS+CMS, 68% and 95% C.L.
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Top final states



Current approach (EFT fits) largely ignores the interplay
between top and Higgs

Questions:
1. Should we keep the two sectors separate?

2. Can we keep the two sectors separate?
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UJse with 1) ttH and 2) H, H+] to break degeneracy between
operators and extract maximal information on these operators
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Different shapes for different operators
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Lots of processes
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Combination:

nclusive H
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off-shell Higgs
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Azatov, Grojean, Paul, Salvioni arXiv:1608.00977




Theorists have been looking at this interplay for some time...

ATLAS-CONF-2019-029
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HH and the Higgs potential
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HH production at 14 TeV LHC at (N)LO in QCD 1
gy, My=125 GeV, MSTW2008 (N)LO pdf (68%cl)
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A challenging process at the LHC
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top Yukawa, ggh(h) coupling, top-
gluon interaction, Higgs self-coupling
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The present

Ci = Tixs [TeV—2]

Given the current constraints on o(HH), o(H) and
the ttH measurement, the Higgs self-coupling can

be currently constrained “ignoring” other couplings

20

The future

Precise knowledge of other Wilson coefficients
will be needed to bound A as the bound gets
closer to SM

Differential distributions will also be necessary
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Future prospects for Higgs self-coupling:
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Degeneracy with Yukawa and contact ggH operators worsens HHH sensitivity



Top EW couplings Typically searched for in

O:p = ytgy(fo””t)wBW

relevant for tHj, gg>HZ
gg>ZZ, H>Zy

Ow = Yeguw Qo It)cp K New Higgs interactions

Aren’t these constrained from top fits?




Rich top phenomenology:

pair production X single z
associated production % K

How can each process help?




Data

Dataset | Tidat

ATLAS tt_8TeV_ljets | my | 7
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4 tops, ttbb, top-
pair associated
production
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Total
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t-channel, s-
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One distribution from each dataset,
to avoid double counting

Theoretical predictions

Proces | sm | SMEFT
i NNLO QCD NLO QCD
single-t (t-ch) [ NNLO QCD NLO QCD
singlet (s<h) | NLO QCD | NLO Qeb
W NLO QCD NLO QCD
tZ NLO QCD + qu;&?il.)m“s
orE) | moQm | qu;&?(:(l?f“:gors
tih NLO QCD + qu;&?il.)m“s
e NLO QCD + qu;a,?(::hnors
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Baseline fit includes:

« Best available SM predictions

« NLO EFT predictions
o O(1/N\*) terms




Theory B Data

(NNLO G0D for W]
[NLO QCD for SMEFT|

t Top pair production and single top (differential) §
' Associated production with W,Z,H
W helicity fractions

Parton-level

T Global SMEFT fit [+

Fit results can be used to bound
specific UV complete models
I New data can be straightforwardly added |
t Plan to extend to Higgs, gauge sector etc

Qutput

i Theoretical and experimental |
| uncertainties/Correlations |

Methodology



SMEFIT analysis of LHC top quark data

B SMEFIT global (marginalised)
B SMEFIT individual
B LHCtopWG EFT note
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Top-Z interaction
Top Yukawa

Hartland, Maltoni, Nocera, Rojo, Slade, EV and Zhang, arXiv:1901.05965 (SMEFIT analysis)



Run II, ATLAS+CMS, 68% and 5 CL. -

[ Global fit
[ Global fit d,/2

A/VT = 0.35 — 2TV
Brivio, Bruggisser, Maltoni, Moutafis, Plehn, EV, Westhoff, Zhang arXiv:1910.03606 (SFitter analysis)



e Jop fits show that several top operators are poorly
constrained

e This is particularly true for the operators modifying
the top-Z interaction

What does that mean for Higgs production?
Which processes do we have to look at (worry about)?
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MadGraph5_aMCENLO
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The background

Higgs operators

The signal
The Higgs width
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O(1) effects allowed in the tall



4-parameter fit:

Ct, Cg, Cy, CA‘

, Constraint from gg to ZH
Englert et al arXiv:1603.05304

Constraints on ttZ couplings
competitive with ttZ process

Azatov, Grojean, Paul, Salvioni arXiv:1608.00977
See also: Englert, Soreq, Spannowsky arXiv:1410.5440



Are we measuring i or

NLO EW in SMEFT may not be small:

O(OéEw/ﬂ'Ct/CH) instead of O(OéEw/ﬂ')

Weak corrections can be important for
unconstrained operators




Orp = Q1@ (91) + h.c.,
0% = (¢1iD L) (@71 Q),
Opty = (¢'iDpg) ((4"D) + h.c.,

Oip = (Qo*t) $By,, + h.c., + Current constraints from
Opt = (1D ) (1), top LHC measurements

1 =g =
0% = ("D u) (@' Q)
O = (Qo*71t) (,BW,{V + h.c.,

Poor knowledge of top couplings leads to

uncertainties on Higgs measurements at the LHC:

0} vZ bb WW* 171"
gg [(-100%,1980%) (-88%,200%) (-40%,48%) (-40%,47%) (-40%.46%)
VBF[|(-100%,1880%) (-88%,170%) (-6.1%,5.3%) (-6.8%,6.7%)|(-8.8%,9.2%)
WH ||(-100%,1880%) (-88%,170%) (-5.5%,4.2%) (-6.1%,5.6%)|(-7.8%,7.9%)
ZH |(-100%,1880%) (-87%,170%) (-6.5%,5.9%) (-7.1%,7.1%)|(-9.4%.9.9%)

loop-induced tree-level
EV, Zhang arXiv:1804.09766




Current approach (EFT fits) largely ignores the interplay
between top and Higgs

1. Should we keep the two sectors separate?
No, top-Higgs interplay helps us break degeneracies.

2. Can we keep the two sectors separate?
No, with limited information on top couplings one-loop
Higgs processes can be significantly modified




Current approach (EFT fits) largely ignores the interplay
between top and Higgs

1. Should we keep the two sectors separate?
No, top-Higgs interplay helps us break degeneracies.

2. Can we keep the two sectors separate?
No, with limited information on top couplings one-loop
Higgs processes can be significantly modified

Let’s not forget the loops



Thank you for your attention



Aim to obtain a complete Monte Carlo implementation based on:
 Warsaw basis
* Degrees of freedom for top operators as in arXiv:1802.07237
(LHCTopWG)
Current status:
* 73 degrees of freedom (top, Higgs, gauge):
 (CP-conserving
* Flavour assumption: U(2)ax U(2)ux U(3)d x U(3)L x U(3)e
 0/2F@NLO operators validated (with previous partial NLO
implementations) »http://feynruIes.irmp.ucl.ac.be/wiki/SMEFTatNLO
 4F@NLO operators validation: on-going
Future plans
e Full NLO model release (4F@NLO)
e QOther flavour assumptions
e CP-violating effects

Work in progress with: C. Degrande, G. Durieux, F. Maltoni, K. Mimasu, C. Zhang



