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Weekly check-ins with Prof. Zhu,; day-to-day work with the Michigan electroweak group at CERN.



‘ MOTIVATION

Why polarization?

We are not only measuring the cross-section — we study the polarization of the Z bosons, in particular the longitudinal
fraction.
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Longitudinally polarized W and Z bosons exist because of electroweak symmetry breaking — measuring their production rate tests the
Standard Model at a deep level.




THE PROCESS

What is vector-boson scattering?

Two quarks each radiate a Z boson, and those Z bosons scatter through an electroweak vertex. It is one of the rarest processes the LHC
can produce — and a direct probe of the electroweak sector.
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STRATEGY

Signal vs. background — and how we tell them apart

SIGNAL BACKGROUND

Electroweak ZZjj QCD ZZjj

Z bosons scatter via the electroweak interaction — the process Same 4% + 2j final state, but the jets come from the strong
we want to observe. interaction instead.

KEY DISCRIMINATORS
m; > 300 GeV

The two tagging jets in VBS tend to be widely separated in rapidity and carry a large di-jet
mass.

|Ay;| > 2




THE PLAN

My summer in three phases

Infrastructure

MOSTLY DONE

Build & validate the Monte-Carlo
processing pipeline:

EVNT - DAOD_TRUTH1 -> ROOT ntuples.

New sample

IN PROGRESS

Generate a first-ever Sherpa 3.0
polarized VBS ZZ sample — polarization
labelled at the matrix-element level.

Physics analysis

TO COME

Separate polarization states with
kinematics; train a NN classifier (long. /
trans. / interference vs QCD); present to
the ATLAS EW group.



PHASE 1 - WHAT | BUILT

The Monte-Carlo processing pipeline

Derivation_ tf.py truthltotree.py

EVNT (Athena) DAOD_TRUTH]' (custom) ROOT TTree
Raw event-generator output > xAOD derivation — detector > Flat, analysis-ready ntuple with
(Sherpa). Full truth record of simulation stripped, truth-level the physics quantities we care
every particle 50 parallel kept about
yp ) HTCondor jobs pt. ’
~90 MB - ~5k events / file ~220 MB / file easy to plot & analyze

Each stage runs in the ATLAS Athena software environment; the heavy EVNT->DAOD step is distributed across CERN's HTCondor batch

cluster.




THE TTREE STRUCTURE

What's inside the ntuple

tree incl all Three truth levels

lepton kinematics (4¢ x 3 levels)
Bare — straight from the matrix element — no

pt / eta / phi / m bare/ born/ dressed QED radiation

ZZ system (3 levels each)

mzZl, mz2, md4l, ptédl Born —.before final-state radiation — for theory
comparisons
event type

weight Dressed — photons recombined — closest to
what a detector sees

READY FOR ANALYSIS

~150k signal events

One flat entry per event - all kinematics in GeV - ~26 branches total

~50k background events




WEEK 1

What I've done so far

Built and validated the full pipeline end-to-end — with a first look at the data.

4-lepton invariant mass ma

B QCD ZZ (701040)
1 EW Zzjj (701000)

0.25 A

Processed the QCD ZZ background — 701040, ~50k events

0.20 A
Processed the EW ZZjj signal — 701000, ~150k events (via
Rucio)

Fixed an Athena 25 bug — barcode() removed; MR
merged

Fraction of events / bin
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Verified the output — distributions look physical
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LOOKING AHEAD

Goals for the summer & what I hope to learn

© Hope to accomplish 40 Hopetolearn

o Generate the Sherpa 3.0 polarized VBS ZZ sample (genuinely

novel)
Technical:

o Plot signal / background / polarization across m4l, mZ1, mZ2, .
el g /P ° ATLAS software — Athena, xAOD, HTCondor, Rucio, the GRID

pT4l, then mjj & Ay(jj)

o MC generation with Sherpa & how polarization is encoded
e Train a NN classifier: longitudinal vs transverse vs QCD

o Machine learning for particle classification
o Present at an ATLAS electroweak meeting

Physics:
. If time allows: contribute to the official VBS ZZjj production

o EW symmetry breaking through polarization observables
request

e  The spin-density-matrix formalism for ZZ decays

o What it takes to go from an idea to a published result



STATUS

In good shape — moving into the physics

Working well

Infrastructure is solid, the pipeline runs end-to-end, and the
signal + background ntuples are ready.

Open item

Generate the polarized VBS ZZjj sample with Sherpa 3.0 —
never produced before. Next: write a new job option from the
WWijj setup, and be the first to run it.

A surprise so far: much of the challenge is software engineering, not physics — setting up environments, debugging compatibility,

managing storage. A genuinely useful thing to learn.

Pipeline works, data is ready — excited for the physics.
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Weekends away from the lab




