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What is tWWZ production?

The tWZ production is a rare process that produces simultaneously a
top quark (t), a W boson, and a Z boson in proton-proton collision at

LHC (Run 2:4/s = 13 TeV ; Run 3:+/s = 13.6 TeV).

There are a lot of background processes (i.e. ttZ, WZ, ZZ...).

We currently use ATLAS Run 2 simulation to search for methods to
distinguish to tWZ signals from the background and to improve the
sensitivity to the signals.
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tW Z signal and background processes

The most challenging background is ttZ:
* Their products are really similar.

e ttZ has a much larger cross section (85925 fb ) than tWZ’s (13613
fb), which means ttZ is more likely to happen.

Feynman diagrams of the tW Z production at LO (left), the tW Z at NLO (middle), and ttZ (right). The tW Z at LO differs from the ttZ for a
b jet. The tWZ at NLO and the ttZ share the same final state, and are different in the numer of resonant top quarks.
Image from Evidence for tWZ production in proton-proton collisions at+/s = 13 TeV in multilepton final states by the CMS Collaboration.
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2D-plots of processes and significance

tWZ
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2D-plots of tWZ (top-left), ttZ (top-
right), WZ (bottom-left) production
and the significance (bottom-right).

The number in each bin shows the
event weight.

The significance is aprroximated by
signal /\/ background.
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Compare sensitivities of two sighal region
(SR) definitions

The new tWZ SR includes Bin (2, 1). Bin (2, 1) has lower ttZ background,
though it also has lower tWZ signal. Therefore, including bin (2,1) into
tWZ SR can potentially improve the sensitivity.

After some doing some fittings, the result shows that the new SR has
lower uncertainties than the old SR.
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Jet mass graphs

We expect ttZ to have a higher second jet mass than tWZ because the
second jet in ttZ is likely to be a b-quark jet but not in tWZ. The b-quark
jet has a higher jet mass than other jets.

However, the graphs shows that the jet masses are really similar ®.
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Goals

Project Goal:

* Finalize the definitions of signal regions (SRs) and control regions
(CRs)

e Study current three regions: tWZ SR, ttZ CR, and WZ CR
* Consider adding more CRs, such as tt CR, ZZ CR...

Personal Goals:

e Learn data analysis and work more independently

* Parler francais !
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Roadblocks cleared (hopefully...)

* Install and familiarize myself with computing tools (Ixplus, C++, ROOT,
VS Code, Git...)

* Learn necessary phsyics background for tWWZ analysis and particle
physics. Read two CMS papers and ChatGPT all the way along.

 No longer get lost in CERN

* Finally start to do something instead of just crying that | don’t know
anything
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CERN tour with Prof. Al Goshaw from Duke
University

* The Synchrocyclotron (the first accelerator at CERN, built in 1957)

* Anti-matter Factory
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