ITIEE EEITIINFIH

llllllllllllll




OUTLINE

Motivation for the research
Hasics of the Standard Model
Froperties of vector bosons
Scattering & decay channels
CMS event processing chain
Discussion of results

Current challenges

Future of the project

Conclusions I
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MOTIVATION

>~ Search for new physics with Run-2 and

r

_un-4d data, probing evidence of effects

beyond the standard model

- Analyze a relatively unexplored sector

of the phase space (all-hadronic VBS]

> Set up the analysis to study VBS event

topology; analyze events from scratch

- bBuide selection: signal from background
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MmaTLVATLILON
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Search for new physics with Bun-2 and
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beyond the standard model

_un-4d data, probing evidence of effects
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of the phase space (all-hadronic VBS]

Set up the analysis to study V

S event

topology; analyze events from scratch

[LHuide selection: signal from background
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W AND Z BLUSLNS

- Massive bosons with spin 1
- W:B80.377+0.012 GeV
- 2.911876+0.0021 LeV
- Both weakly interacting
> W' and W™ charged z
- 2" neutral

>~ Decay into fermions

» Fy =2.085:0.042 GeV 1
r Fz=24955:0.0023 GeV
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SCHTTERINDG

> Incoming guarks scatter off each other

> Momentum exchange by weak boson

- W/Z decay to one of multiple states:

- Fully leptonic

- Semi-leptonic

el ALL-hadronic

22

o

oroduction rarer than W<Z2 and WW

nes the guartic gauge coupling

Same- and opposite-sign behavior
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RUARTIC COUPL ING

> Incoming guarks scatter off each other

> Momentum exchange by weak boson

- W/Z decay to one of multiple states:

> Fully leptonic

- Semi-leptonic

el ALL-hadronic

22

o

oroduction rarer than W<Z2 and WW

nes the guartic gauge coupling

Same- and opposite-sign behavior
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HIGGS T-CHANNEL

> Incoming guarks scatter off each other

> Momentum exchange by weak boson

- W/Z decay to one of multiple states:

> Fully leptonic

- Semi-leptonic

el ALL-hadronic

22

o

oroduction rarer than W<Z2 and WW

nes the guartic gauge coupling

Same- and opposite-sign behavior
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FLUSION

> Incoming guarks scatter off each other

> Momentum exchange by weak boson

- W/Z decay to one of multiple states:

> Fully leptonic

- Semi-leptonic

el ALL-hadronic

22

o

oroduction rarer than W<Z2 and WW

nes the guartic gauge coupling

Same- and opposite-sign behavior
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NELW PFHES5ILCS

> Beyond the standard model

Experiment

- Consistent with observations

> Enable new predictions

- Effects noticeable at TeV scale
> Limited by reach of the LHC
>~ Tail behavior may provide evidence

> SM unitarity cancellations

- Resonances

- Axions
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EVENT CHHLN

- Monte-Carlo bootstrapping
- Pythia, HERWIG, Madbraph

- Generator-level analysis

> Underlying physics

Read BOOT riles, saving:

- Transverse momentum pq

- Azimuthal angle t //
- Pseudorapidity n y

- Mass M W//‘M/w
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KINEMATILCS

Monte-Carlo bootstrapping
Pythia, HERWIG, Madbraph

Lenerator-lLevel analysis
> Underlying physics
Read RUOOT files, saving:

- Transverse momentum pq

- Azimuthal angle ¢

- Pseudorapidity n
- Mass M
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Monte-Carlo bootstrapping
FPythia, HERWIG, Madbraph
Lenerator-lLevel analysis
> Underlying physics
Read RUOOT files, saving:

r Transverse momentum pq

> Azimuthal angle o

- Pseudorapidity n
- Mass M
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KINEMATILCS

Monte-Carlo bootstrapping
Pythia, HERWIG, Madbraph

Lenerator-lLevel analysis
> Underlying physics
Read RUOOT files, saving:

r Transverse momentum pq

> Azimuthal angle o

- Pseudorapidity n
- Mass M
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Monte-Carlo bootstrapping
Pythia, HERWIG, Madbraph

Lenerator-lLevel analysis
> Underlying physics
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KINEMATILCS

Monte-Carlo bootstrapping
Pythia, HERWIG, Madbraph

Lenerator-lLevel analysis
> Underlying physics
Read RUOOT files, saving:

r Transverse momentum pq

> Azimuthal angle o

- Pseudorapidity n
- Mass M
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TRACKER LIMITAHTIONS

TEL

End caps r tmim

1200
TOB

Outer barrel

TIE
Inner barrel Nl < 2.5

BO0 1200 1800 =00 2 [mml
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LINVHARLIHANT MAS5S

> Sensitivity to BSM at TeV scale

WW Invariant Mass

Same sign

- Computed as ROOT Y-vector

> Different shapes allow to

discriminate EWWK and

VBS identified by Looking at

Normalized counts

event record

Target pipeline: H‘J‘
- Cut with dijet mass m;, il o 11 "HH

| 2000 Slulaln
- Measure diboson mass my,, Invariant Mass [GeV]
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CHALLENGES

> Incredibly small cross section

~ On the order 10°° b (10" ™ mM°]

> Only 14O or so events in Run 2

> Need to be precise with cuts

> Low signal-to-background ratio

> Leptonic VBS 'golden channel

- Forward region difficult to study

- How to trigger for VBS events

- How to suppress pileup events
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FUTURE

INnvestigate opposite-sign samples
Modify code to process £ samples
l[dentify jet guarks from event record
Determine optimal cuts

Apply to physical data

sompare results with ATLAS
W*W* a priority for HL-LHG

Applications to Higgs sector

)_
>
>
>_
>
)_
>
>
>_

Machine Learning with deep neural netwaorks
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CONLCLUSIONS

VBS has high sensitivity to potential new physics

AlLL-hadronic channel has the highest cross section

Loses to leptonic by Low signal-to-background ratio

We are developing a new analysis in unexplored territory

Data analysis on Monte

Hoal Is to have an understanding of VBS event topology

Larlo to be applied to real data

Need a precise cut due to high all-hadronic background
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