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The Standard Model

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
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Probing WZ entanglement

pp = WZ = by vw + 0,

—a— M —w—

entangled state e.g.:

) = (16, 0) — [0,0))

3 states per boson = qutrits

probe polarization and in
angular distribution of decay products:

1 do . .

- ~(1+B VT +B -0 —

sdodo. ~ Ut i )
=
]
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The CMS detector
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WZ production

cubic heavy resonance EFT
L L L L
inclusive:  + g o
W \%Y%
W 1A% W W
“QCD" cubic quartic nggs

with n Z
2 jets: H. W
595 <

vector boson scattering (VBS)
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How to measure W/Z events

We select the following

events:

— Exactly 3 leptons
(electrons or muons)

— Exactly 1 OSSF pair
of leptons with
invariant mass M({f) ~
M(Z)

— pMiss > 30 GeV

NN

GHENT
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The helicity frame

N
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Polarization & correlation coefficients

A; =4 — 10 (cos*(6)), Ag = (5sin(26) cos(¢)), Az = (10sin?(0) cos(2¢)),
Ay = (4sin(0) cos(¢)), As = (4cos(0)), Ag = (4sin(0) sin(¢)),
A; = (5sin(20)sin(¢)),  Ag = (5sin?(8)sin(2¢)).

Oij — A@ X Bj
For example: Cy7; = Ay X By
= (4sin(fy ) cos(pw) - bsin(204) sin(¢pz))

N
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MATRIX and MadGraph

MATRIX
—Calculates differential cross-
section directly
—Needs to be specified before
running

—Limited number of processes
—Up to NNLO

1

GHENT
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MadGraph
—Monte Carlo event generator
—For any (B)SM process whose
Feynman rules are implemented
—Can be interfaced to simulate

parton shower/ detector Iint.
—Up to NLO
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MadGraph
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Combined A, B;, C; (MadGraph)

Full phase space
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Full (+) -] |
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separated
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(MadGraph)
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Conclusion and future research

Conclusion Future research
—Discrepancy between MadGraph —Extend results using the MATRIX
and MATRIX cos(8) framework
—Some correlations between W —Reconstruction of full phase
and Z boson were found space from detector data
—No entanglement in full phase @ —Look into specific phase space
space was found regions

— Other two-particle systems

1
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https://twitter.com/ugent

Why the WZ system?

— Great test for electroweak interactions

— Fully leptonic decay channels are clean

— Relatively easy to separate from background
— MATRIX and MadGraph for calculation

— Some research for comparison already exists

1
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Quitrit framework and entanglement

p = ZPJ%H%\ ., with p; > 0 and sz' = 1.
1=1 i=1

maA Mmp

Separable if: p = Z Z Di; pgA) &) p§B).

i=1 j=1

]
— O O

1
Ly= (0], 0y=1|(1], R)
0

N

SHF\',\'ETRSHY Prog.Part.Nucl.Phys. 139 (2024) 104134
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W/Z cross-section
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Processing MadGraph data with ColumnFlow

]
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cos(0) formula

1 do 3

=S ||l F O )2 f7"
odcos(Oy+) 8 [1F cos(Ow=)]"f

+ [1 % cos(Ow+)]* fr + 2sin’(Op=) fo
1 do 3

o dcos(0) 3 Hl + cos”(0) — 2c COS(QZ)]fg

+ [14 cos®(8z) + 2ccos(8z)| fr + 2sin*(02) f5 | -
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Fiducial cuts
Ne| < 2.5, N, < 2.4,
pr.e > 15 GeV, pr, > 20 GeV,
AR, ;. >0.2, ARy, > 0.3,
Mz w > 30 GeV.
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MadGraph
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