Searches for new phenomena




ATLAS

EXPERIMENT

Why 3 generation quarks

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: May 2020 JLdt=(3:2-139) fb! V5=8,13TeV
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2 ADD non-resonant yy 2y - - 367 |ms 8.6TeV 1707.04147
S ADDQBH - 2j - 370 | My 8.9 TeV 1703.09127
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 Search for invisible + single top
e Search for pair production of leptoquarks
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ATLAS

EXPERIMENT

3rd Generation Quark Identification &
(Bottom Quarks)

* b-quarks hadronized and then decay

* Unique properties of decays
* Longer lifetime
* Displaced decay vertex
e Large track multiplicity
* Large mass

* These properties are used to create a b-tagger
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ATLAS ATLAS-FTAG-2019-005

EXPERIMENT

3rd Generation Quark Identification
(Bottom Quarks)
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* DL1 — Deep Neural Network 7
e DL1r — Recurrent Neural Network
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https://cds.cern.ch/record/2811135
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2019-005/

ATLAS

EXPERIMENT

3rd Generation Quark Identification &
(Top Quarks)

 top quarks decay before they hadronized
* Branching Ratio ~100% fort = Wb

* Many searches are for heavy particles
* top quark is boosted

* Boosted top quarks result in collimated jet
e Captured by a large-R jet

CIPANP 2022 Evan Van de Wall 4



ATLAS

EXPERIMENT

3rd Generation Quark Identification
(Top Quarks)

* Compared BDT to DNN

 Used low level variables
* pr, mass, N-subjetiness, etc.
e Results are similar

arXiv:1808.07858

Background rejection (1/ &)

* Trained a DNN with high level

variables

e Topoclusters

e Slight increase in background

rejection
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https://arxiv.org/pdf/1808.07858.pdf

ATLAS ATLAS-CONF-2022-008

Search for ttH /A — tttt

Motivation

e Extension to the Standard Model Higgs
* Popular in different models such as MSSM
* Targets 2HDM type-Il in the limit that sin(f —a) = 1

Decay Channel
e Same-Sign Multilepton
e 2 leptons with the same sign
« > 3 leptons

Object Tagging
 DL1r 77% WP for b-tagging g
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-008/

ATLAS ATLAS-CONF-2022-008

Search for ttH /A — tttt

*: normalised to total background

g EATLAS Prehmmari/‘ ‘¢I‘Da‘ta‘ L He400 Gev .
LW 180 Vs =13 TeV, 139 fb” ---mH=1000 GeV * [ttt ]
- BSM fltops SSML thW Q*CD. .tiW EW ]
Backgrounds 160} Baseine oF R A
. 140— owm,. e -]
* |rreducible g 2 meee” Hores
- - 120[— 7 Uncertainty ]
* Standard Model tttt : E
 ttW/Z/H/y" o E
 Reducible Y =
* Fake leptons w- T, -

* Charge misidentification 20f

s OF

@ 15F

05F

A n a |ys i S St rategy Sum of leading four b-tag scores
* Constrain background in dedicated Control Regions (CR)

* BDT separates SM tttt from other SM processes (SM BDT)
* This BDT will also be sensitive to signal

* BDT separates signal from all SM processes (BSM pBDT)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-008/

ATLAS ATLAS-CONF-2022-008

Search for ttH /A — tttt

Signal Regions (SR)
* Baseline SR
o Hp = Y pi¥ + 3 plePto™ 5 500 Gev
* =6 jets
e > 2 b-tags
* BSM SR
* SM BDT score > 0.55

lowBDT CR

0.55 SM BDT Score
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-008/

Events

Data / Bkg.

ATLAS ATLAS-CONF-2022-008

Search for ttH /A — tttt

Post Fit (m=400 GeV)

*: normalised to total background

70
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-008/

ATLAS ATLAS-CONF-2022-008

Search for ttH /A — tttt
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-008/

ATLAS arXiv:2201.07045

EXPERIMENT

Search for single Vector-Like Quark
T — Ht

Motivation

* Can address the Hierarchy Problem
* Single production dominates at high mass

Decay Channel
* All hadronic

e« H— bb
e t—> Wb
- W-qq

Tagged Objects
 DL1 70% WP for b-tagging
* Boosted top-tagger 80% WP



http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-07/

ATLAS arXiv:2201.07045

EXPERIMENT

Search for single Vector-Like Quark

~
\J
~

- 180F_ ATLAS . + Data

(O} Vs =13 TeV, 139 fo mm =16TeV,k; =05

8 160 g!l-hadronlg single T — Ht [t (all-had)

> ignal Region post-fit mtt+Z/WH
Backgrounds 2

c tt (non all-had)

o Multijet

] N\ Stat. ® Syst. Unc

* Multijet and tt
* Single top, tW/Z/H

T NI A

| 4 |

Ana|y5|5 Strategy 0-551_21}§§§T822.2§2.6ii”§
e Categorize data by leading and sub leading large-R jets

tagging
* Number of Higgs/top tags
e b-tags in the jet substructure

* Estimate multijet using a data-driven method
 Fit dijet invariant mass


http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-07/

Second-leading large-R jet tagging state

ATLAS

EXPERIMENT

arXiv:2201.07045

Search for single Vector-Like Quark

T — Ht

e Validate multijet in
L]
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-07/

ATLAS arXiv:2201.07045

EXPERIMENT

Search for single Vector-Like Quark
T — Ht

Regions * Normalize tt in NR
e Used in fit to constrain tt

* Defined by large-R jet tagging
NR

Second-leading large-R jet tagging state

1t OH =2b VR8 E

D 4000 ATLAS + Data
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-07/

ATLAS arXiv:2201.07045

EXPERIMENT

Search for single Vector-Like Quark
T — Ht

Regions * Enriched in signal SR
* Defined by large-R jet tagging

SR

Second-leading large-R jet tagging state

1t OH >2b VR8 > -
© 180 ATLAS ¢+ Data
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Leading large-R jet tagging state

CIPANP 2022 Evan Van de Wall 15


http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-07/

=z
=

wn
)

ATLAS arXiv:2201.07045

EXPERIMENT

Search for single Vector-Like Quark
Postfit T — Ht
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-07/

ATLAS ATLAS-CONF-2022-036

EXPERIMENT

Motivation
e Search for DM
 Sensitivity for vector-like qguarks '
e T > Zt ,

Decay Channel

* Non-Resonant DM
* New vector boson V decays to DM

* Resonant DM
* New scalar @ decays to DM and top
* Vector-Like Quark
e Z decays to neutrinos

Tagged Objects
* DL1r 77% WP for b-tagging
* Boosted top-tagger 50% WP
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-036/

ATLAS ATLAS-CONF-2022-036

EXPERIMENT

Search for Invmb\e + Smgle top

2 ,\\H‘\H\‘\H\‘ ‘ ‘ ‘ T ‘H\\‘H\L _.@ ‘\H‘ ‘ \‘ \\‘\H\‘\H\
5 [ ATLAS Preliminar y ) gata -TWo ] 5 ATLAS Pr eI iminar y . gata IJ\?p 3
] m Z+jets +ets ] i Z+jets +jets

10 = s = 13 TeV, 139 fo” i Single top 1 Diboson /s =13 TeV, 139 fo’ i Single top 1 Diboson

E Monotop miv ~// Uncertainty Monotop mtv 7/ Uncertainty
TVR1bHPhi Res. — Pre-Fit Bkg.

BaCkg rOU ndS 3 \F{ZSF:-E;S' —Pre-fitBke : 10°E post-Fit *
e tt and V+lets ] |
* Single top

2,
1 Lo

S
(&)
Data / Bkg.

lysi 075%/7 HEBEEREN 1,
Ana ySIS Strategy 08605 01 0.15 02 025 0.3 0.35 0.4 045 05 0 005 0.1 0.15 02 025 0.3 0.35 0.4 045 05

XGB, XGBpy,

e Constrain dominate backgrounds normalization in CRs
 Validate normalizations in validation regions

» XGBoost (XGB) classifiers constructs signal regions for
the 3 models
* 1SR with 0 b-tags
1SR with 1 b-tag

Data / Bkg.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-036/

!;\I!Tﬁé ATLAS-CONF-2022-036

Search for Invisible + Single top

Regions

* Regions split on b-tags and A@ i, (j, EF'SS)
* XGB i s trained for each model

N b-tagged jets

TVR2bHPhi

TVR1bLPhi

£ : A ) . Emiss
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ATLAS ATLAS-CONF-2022-036

Search for Invisible + Single top
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Search for Invisible + Single top

Non-Resonant Resonant
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Search for Leptoguarks

Motivation
* Account for anomalous muon magnetic moment

* Explain violation in lepton flavor universality
* B-meson decays b U

Decay Channel LQY.. / w+t
* Same-sign Mutilepton

- 0 (et ut)
LQ?nix f W
Tagged Objects P 0= (e, 1)

 DL1r 85% WP for b-tagging b v
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Search for Leptog

o 10? T

o ATLAS Preliminary éData [JLQ}, (1.6Tev) [Jtiw

L Vs =13 TeV, 139 fb [l Diboson [ t(z/v*) [ Non-prompt |
Signal regions [CJother 7 Uncertainty - = Pre-Fit Bkg.

Backgrounds
* |rreducible
« ttW/Z/y* and diboson
* Reducible

* Non-prompt leptons
* Charge misidentification

uarks

Post-Fit

=)
@ 15f
E 15":/:/'/Z";+:Z":/:/:;"':/:/_-f":/:z:fx_ /oo /o o o i f o o 15«-/-/6 o i e o i i o ]
. S 05f S T +, .........
Analysis Strategy : - -
%sh_ "SR, 4f8/?\e SR,

* Split data based on lepton multiplicity
e Define CRs to constrain dominate backgrounds

e Confirm corrections in validation regions

jets leptons + Er{-niss

* Fitmegg = Xpr  + XDp in CRs and SRs
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EXPERIMENT

Search for Leptoquarks

Region
e 2 leptons—3 CRs
* 3 |leptons—4 CRs, 1 VRs, 2 SRs
* 4 |leptons—1 VR and 2 SR

3 leptons 4 leptons

miin (GeV) mm" (Gev)

200 100
>

! GeV ! e (GeV
500 Mefr (GeV) 500 Megr (GeV)
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Search for Leptoguarks

EIectron 3 lepton fit
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Search for Leptoquarks
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Conclusions

Broad search for new particles coupling to 37 generation quarks

3"d generation quarks have unique signatures
* Allow for tagging
e Suppress standard model background

Tagging is continued to be improved

Presented 3 ATLAS results
 Search for ttH/A — tttt
e Search for single vector-like quark T — Ht
e Search for invisible + single top
e Search for pair production of leptoquarks

No excess from the SM prediction were observed

Continue to search and push the limits

Run 3 data collection has started!



Thank You!

Thank you for listening!

Thank you to the organizers!

ATLAS Thank you to ATLAS! ATLAS

EXPERIMENT EXPERIMENT

Thank you to the DOE for flnanC|aI supportI
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