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Search for sbottom pair production with the
ATLAS detector in pp collision events  with Higgs
bosons, b-jets and missing transverse momentum
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Supersymmetry
Supersymmetry (SUSY) is a theoretical symmetry that can explain the hierarchy problem and provide Dark Matter
candidates. SUSY predicts the existence of superpartners for each Standard Model particle. If R-parity is
conserved, the SUSY particles are pair produced and the lightest supersymmetric particle (LSP) is stable. Since
the LSP does not interact with the detectors, an important signature is missing transverse momentum .

Backgrounds

Major background models are fitted to the data in control regions and
extrapolated to the signal regions via the transfer factor method. Validation
regions are used to control the validity of the extrapolation.

The multi-b analysis has been
interpreted in the framework of
simplified models  where the free
parameters are m(  ) and m(     )
while m(     ) is either set by
Δm(      ,     ) = 130 GeV ensuring
that the Higgs boson is produced on-
shell or fixed to m(     ) = 60 GeV.

Model
The analysis targets pair
production of sbottom    ,
supersymmetric partners of b-
quarks. The sbottom decay chain
includes the second-lightest
neutralino      and the Higgs boson.
The LSP is the lightest neutralino
The key signatures are          , b-
jets and decay products of Higgs
bosons such as photons, tau
leptons or more b-jets.

Multi-b Search

Searches with Higgs bosons decaying to pairs of bottom quarks using the
whole Run-2 dataset recorded by the ATLAS detector have been performed
[1]. No statistically significant excesses have been observed.

Target

Other Higgs decay modes
Other Higgs decay modes could be exploited to cover challenging regions of the
phase space, in particular the low       mass region. Events with hadronically
decaying taus would be particularly interesting for probing the lower
region. The following variables could used as discriminators:
Scalar sum of transverse momenta of jets and leptons

Ditau invariant mass

Minimal angle between b-jets and taus

Stransverse mass

The hadronically decaying tau candidates are reconstructed from jets. Using a
recurrent neural network algorithm to suppress the jet background [2] would
improve the fake tau rejection compared to the BDT algorithm previously used.

Three signal regions targeting different topologies – SRA, SRB and SRC.
In SRA and SRB the background is dominated by      pair production while
for SRC the main background is Z+jets with a contribution from top-related
processes. For each of the signal regions control regions are designed
targeting the main backgrounds.

For SRA and SRB the control regions
are defined by changing the lepton
multiplicity while the validation
regions have lower b-jet multiplicity.
Further requirements are placed to
increase the     purity. The A-type CR
is additionally split in three          bins
so that the modelling of the variable
is absorbed in the fit.

For SRC two control regions are used
to model Z+jets and top backgrounds.
Similarly to SRA and SRB they are
defined by increasing the lepton
multiplicity. The two-lepton region with
a di-lepton mass window is used to
control Z+jets while the one-lepton
region is used for top backgrounds.
The zero-lepton validation regions are
separated from the signal regions by
lower object based            significance
S selection and either lower b-jet
multiplicity or inverted Δφ(jets,          )
selection.

Topologies Targeted
Three different signal regions are designed to target expected signal topologies.
SRA focuses on generic events with           , SRB is used for compressed ISR-like
scenarios with soft b-jets from    decays and SRC is for compressed regions with
small Δm(  ,     ) leading to soft b-jets and visible system back-to-back with          .


