SMuK 2023 - T

Tuesday

T 30: Higgs Charm, Di-Higgs

Time: Tuesday 17:00-18:30

T 30.1 Tue 17:00 HSZ/0105
Introduction of a new framework in the analysis of the
Higgs boson decay to a charm-anticharm pair in the vec-
tor boson associated production mode at CMS — eVALENTYN
VauLIN', ANNIKA STEIN', Xavier CouBkzb?, ALENA DopoNoval,
MinG-YaN Ler!, SpaNpDAN MonpaL!, AnprzEs Novak!, ANDREY
Pozpnyakov!, MaNUELLA GUIRGUES!, and ALEXANDER ScHMIDT!
— 1Physics Institute IIT A, RWTH Aachen University, Germany —
2Brown University, USA

During the last years the analysis techniques to measure the Higgs bo-
son coupling to charm quarks using the full Run-2 data of the CMS
experiment have been established. The Higgs boson decay into charm-
anticharm pair, where the Higgs boson is produced in association with
the W or Z boson, has been analysed in a resolved topology with in-
dividually reconstructed jets and in a boosted topology with merged
jets. In this talk a concept of a new analysis framework is presented
with the intention to reproduce the known results of the VH search
from Run-2 analysis by CMS. The Z — 21 decay channel of the asso-
ciate vector boson and resolved jet topology of the H — c¢¢ decay are
considered for this study. Furthermore, the results of the current state
of ML-supported analysis in the new framework will be discussed.

T 30.2 Tue 17:15 HSZ/0105
Direct search for Higgs boson decay to a pair of charm quarks
in the vector boson associated production mode at CMS
— eANNIKA STEIN!, BiorN BURKLE?, XavierR CouBrz!2, ALENA
Doponoval, ManueLLa GuircUes!, Luca MASTROLORENZO!,
Minc-Yan Lee!, SpanpaNn MonpaLl, ANprzEs Novak!, ANDREY
PozpNnyakov!, ALEXANDER ScHMIDT!, and VALENTYN VAULIN! —
II. Physikalisches Institut A, RWTH Aachen University, Aachen,

Germany — 2Brown University, Providence, USA

The search targets Higgs bosons produced in association with a vector
boson (W, Z) and probes the coupling of the Higgs boson to charm
quarks via the H — cc decay, using full Run-2 data of the CMS exper-
iment. Two topologies contribute to the full analysis, the "boosted"
topology, where the two jets from a Higgs boson candidate are merged
into one large-radius jet, and a "resolved" topology which utilizes two
reconstructed small-radius jets. Compared to a previous search, the
analysis techniques have been improved by exploiting a DNN-based
charm jet tagging algorithm along with a new calibration method,
improved jet-energy regression, and a "kinematic fit" to constrain mo-
menta of the jets using leptons. The most stringent constraint on the
Higgs-charm Yukawa coupling modifier, k., at the observed (expected)
95% CL interval is set to 1.1 < |ke| < 5.5 (|ke| < 3.4). A validation
of the analysis is carried out with a search for Z — cc in VZ events,
which leads to its first observation at a hadron collider with a signif-
icance of 5.7 standard deviations. Further developments that feature
novel machine learning methods will be discussed.

T 30.3 Tue 17:30 HSZ/0105
Search for boosted Higgs boson decays to a charm quark pairs
— o ANDRZEJ Novak, XaviER CoUBEzZ, MING-YAN LEE, Luca Mas-
TROLORENZO, ANDREY P0zDNYAKOV, ANNIKA STEIN, and ALEXAN-
DER ScHMIDT — Physics Institute IIT A, RWTH Aachen

The Higgs boson decay to charm quarks (H — c¢¢) has the high-
est branching fraction of the yet unobserved decays. Moreover, it is
predicted to be the strongest coupling to the second generation of
fermions, which as of now remains unconfirmed. This talk presents a
recent search by the CMS experiment for H — ¢¢ at high transverse mo-
mentum, primarily targeting the gluon fusion production mode. The
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method is validated with the Z — c¢ decay, which is observed for the
first time in this channel and provides the strongest constraint yet at
the LHC. The observed (expected) upper limit on H — ¢ process is
set at 47 (39) times the SM prediction. The analysis was enabled by
recent developments in deep learning tools for jet identification in such
topologies.

T 30.4 Tue 17:45 HSZ/0105
Discrimination of Di-Higgs and Higgs-Z Boson Final States
Using Neural Networks — eLaRrs LiNDEN, OTMAR BIEBEL,
CuristorH AMEs, and CELINE STAUCH — Ludwig-Maximilians-
Universitat, Miinchen

Precise measurements of Higgs boson pair production are of signifi-
cant importance for new physics searches and determining the Higgs
potential’s exact shape. These processes have small cross-section how-
ever, making them exceptionally rare. As a result, neural networks
are used to improve the experimental sensitivity for these processes.
The employed network uses general event jet information and specific
variables sensitive to di-Higgs production for event classification. This
talk presents a network structure for distinguishing gg — H H from the
important background process gg — HZ and its respective sensitive
variables.

T 30.5 Tue 18:00 HSZ/0105
Separation of HH and HZ processes in LHC events — ¢ CELINE
StaucH, OTMAR BIiEBEL, CHRISTOPH AMES, and LARs LINDEN —
LMU Miinchen

LHC Processes with HH final states and HZ final states are kinemati-
cally very similar due to H and Z boson being close in mass and both
final states having similar cross sections in proton-proton collisons.
While the H boson is a scalar particle, the Z boson has a spin of 1.
The spin of the Z boson transfers to the jets in the final state leading
to a correlation of the angles of these jets.

For HH or HZ final states resulting in at least 4 jets all possible
combinations of the four energetically highest jets are calculated in
order to find the combination closest in mass to a H or Z boson. A
variable sensitive to the correlation of the angles of the final state jets
is introduced, which is a modification of the Ellis-Karliner angle. This
variable is investigated using generator simulation data for the best
combination of jets in HH final states ans HZ final states.

T 30.6 Tue 18:15 HSZ/0105
A neural network based regression of the neutrinos in H— 77
decays for a resonant HH—bb77 analysis — PHiLIP KEICHER,
eToBias KraMER, NarHAN ProuvosT, MARCEL RIEGER, PETER
SCHLEPER, JAN Voss, and BocbAN WIEDERSPAN — Universitat Ham-
burg

The CMS resonant HH—bb77 analysis searches for heavy spin 0/2 res-
onances decaying into two Higgs bosons which subsequently decay into
bottom quarks and tau leptons. It uses the Run 2 data collected from
2016-2018 at a center of mass energy of /s = 13TeV corresponding
to an integrated luminosity of 138 fb—1. As a wide range of resonance
masses is covered, reconstructing the invariant mass of the HH sys-
tem and therefore the individual Higgs bosons is crucial. Especially
for the Higgs boson decaying into tau leptons a significant amount of
information is lost in the form of neutrinos not being measured by
the detector. This talk presents a study on how to regress the full
HH system using deep neural networks in order to improve the mass
resolution of a potential new heavy particle.



