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The Large Hadron Collider (LHC) is probing fundamen-
tal interactions at ever increasing energy and sensitivity.

Precise scattering cross sections require higher-order
calculations in perturbation theory. At next-to-leading
order (NLO) Feynman diagrams with one additional
real or virtual parton occur.
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by boosting the sensitivity to dark matter signals at the
LHC.
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Signals of physics
(BSM) turned out to be more elusive than originally )
expected and are likely to show up as small anomalies.

Z(t07) / Z(v)

1077 ~< Z(t+0-) / W(tw)

oy
OI
N
\N

w L)

Precise predictions based on the Standard Model
(SM) are thus becoming increasingly important in
order to increase the sensitivity to BSM phenomena.
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For example, recent calculations carried out at
UZH make it possible to achieve percent precision in
the Z(vv)+jet background to mono-jet searches, there-
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The NLO complexity grows extremely fast with the

Z(Tem) / W(bv)
| ' ' S ' number of scattering particles, and modern approaches

o
Nel

100 200 500 1000 3000
pTv [GeV]

like OpenLoops opened the door to multi-particle NLO
calculations.

The OpenLoops Method

Numerical instabilities

OpenLoops is a generic algorithm for the
efficient numerical computation of tree
and one-loop amplitudes. Applicable to
arbitrary processes in the SM and be-
yond. It has been used extensively for
precision phenomenology.
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The on-the-fly method
in OpenLoops?2
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T'he complexity of N, . ., grows fast for
multi-particle processes.
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Dy.(q) can be cancelled against loop de-
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Top-Higgs interactions play a critical role for the inter-
nal consistency of the SM. This provides strong motiva-

Precision in the Top-Higgs Sector |[KEalatttlii b indl

tion for BSM searches in the Top-Higgs sector and for
precise measurements of the Top mass and Top-Higgs
coupling.
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For large m;, quantum corrections result in a SM Higgs
self-coupling A(i) < 0 at large scales u = 101 GeV,
rendering the SM vacuum metastable or unstable due
to a second, global minimum in the effective Higgs po-
tential Veg (@) below the Planck scale.

The measured m; lies ~ 1% (20) away from the SM sta-
bility limit m; ~ 171 GeV, and theoretical uncertainties
are crucial for the interpretation of this result.

Precise simulations for top production and decay

s

I'he precision of theoretical simulations is crucial for
kinematic m; measurements, and the bb4¢ generator—
based on OpenLoops and the novel resonance-aware
matching method—provides the first complete NLO
simulation of top-pair production and decay.

The bb4¢ generator includes tt and tW resonances as
well as NLO radiation from top production and decays,
accounting for all quantum interferences. Its predictions
are supported by recent measurements of the tt—tW in-
terference.

tt dominated tW — tt interference important
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The recent discovery of ttH production at the LHC
has opened the door to direct measurements of the
Top-Higgs coupling.

To exploit the high statistics of the H — bb channel,
the shape of its irreducible ttbb background needs to be
controlled with percent precision.
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NLO generators based on OpenLoops, Sherpa and
Powheg are not far from this ambitious goal.

Invariant mass of the 15t and 2™ b-jets system (ttbb cuts)
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A further important step forward was
provided by the recent NLO calculation
of ttbb+jet production, carried out with
OpenLoops2.




