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VLQ
Introduction
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= Same SU(2) representation for left and right-handed chiralities
= Allows for a Dirac mass term
= Motivated by many BSM theories that tackle the naturalness problem
(eg. Composite Higgs models, Extra Dimensions)

= Can be singlets, doublets or triplets

= Can be pair and single produced
= Pair production via QCD — fairly model independent
= Single production via EW — bigger model dependency
= Dominant mechanism for higher VLQ masses



Analysis
Goal

Search for pair production of VLQ
Looking for VLT and VLB

Targeting a leptonic decay of a Z boson
and a third generation quark

Channels split into dilepton (TU
Dortmund) and trilepton (LIP)

Optimised individually

DNN tagger used to categorize signal
regions:
V, H, top and background jets

Statistical combination afterwards
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Combined mass

Limits
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Deep Learning
Tra n Sfe ra b i I ity PHYSICAL REVIEW D 101, 035042 (2020)

Transferability of deep learning models in searches
for new physics at colliders

M. Crispim Roméao ,1‘* N. E. Castro ,I’Z'T R. Pedro ,l’i and T. Vale®'?$

= Assess the transferability of deep |eam|ng 2 \LIP, Avenida Professor Gama Pinto 2, 1649-003 Lisboa, Portugal
Departamento de Fisica, Escola de Ciéncias, Universidade do Minho, 4710-057 Braga, Portugal
l I IOd el S ® (Received 15 December 2019; accepted 10 February 2020; published 28 February 2020)
In this work we assess the transferability of deep learning models to detect beyond the standard model
signals. For this we trained deep neural networks on three different signal models: ¢Z production via a
flavor changing neutral current, pair production of vectorlike 7-quarks via standard model gluon fusion and
. ' ' ' via a heavy gluon decay in a grid of three mass points: 1, 1.2 and 1.4 TeV. These networks were trained with
| WO u | d a n eW p hyS I CS S | g n al be I I I Issed | n O U r 11, Z + jets and dibosons as the main backgrounds. Limits were derived for each signal benchmark using
the inference of networks trained on each signal independently, so that we can quantify the degradation of
h 'f D N N .t : d .th their discriminative power across different signal processes. We determine that the limits are compatible
S e a rC e S I a WaS ral n e O n a n O e r within uncertainties for all networks trained on signals with vectorlike 7-quarks, whether they are produced
, via heavy gluon decay or standard model gluon fusion. The network trained on flavor changing neutral
B S M S | n aI f? current signal, while struggling the most on the other signals, still produces reasonable limits. These results
g . indicate that deep learning models are capable of providing sensitivity in the search for new physics even if
it manifests itself in models not assumed during training.
DOLI: 10.1103/PhysRevD.101.035042
= Train @ DNN on a signal sample and test on
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Transferability

= Most limits are compatible within uncertainties

= This indicates that deep learning models provide sensitivity to models not
iIncluded in training

= Very relevant as machine learning becomes more frequently used in searches
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Final
Remarks

= VLQ search ongoing
= Highly restrictive mass exclusion limits
= Currently going through the last steps of ATLAS approval

= Phenomenology studies with Machine Learning show promising results
= JTested models show that DNN can be sensitive to different BSM signals
not present during training
= Very relevant for Exotics searches that are increasingly more reliant on
machine learning

= Once the critical stage of the analysis approval is surpassed the fun of writing
begins ;)
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3l Mass
Limits
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BBD 1060 1070
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