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• Excellent description of nature 

• Experimentally verified to 
extremely high degrees of precision 

• However, known to be incomplete

The Standard Model (SM) of Particle Physics
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• What is Dark Matter? 

• Candidates for Dark Matter could be 
produced at the LHC 

• Grand Unified Theory (GUT)? 

• Unify all forces to a super force 

• Are there extra dimensions of space? 

• Could explain why gravity is so weak 

• Explore the unknown 

• Surprises can happen at any time

Physics Beyond The Standard Model
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GUT
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• The LHC is performing very well overall 

• Achieved and surpassed design 
instantaneous luminosity 

• Over 139 fb-1 of pp data recorded by 
ATLAS at s = 13 TeV

The LHC and ATLAS
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• Several exciting results searching for BSM physics in ATLAS 

• Focusing on latest relevant results for this talk 

• Leptoquarks (LQ) couple to both leptons and quarks 

• Pair produced 

• Singly produced: scalar leptoquarks in the  final state 

• Vector-like leptons (VLL) and vector-like quarks (VLQ) 
couple to both vector bosons and leptons/quarks 

• Generic searches: lepton + 2 jets 

• Dark matter: semi-visible jets (SVJ), particles invisible to the 
ATLAS detector

bττ

Results Covered Today
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• Searching for down-type scalar LQ with cross-
generational decays  and vector LQ  

• Final state:  (multileptons) 

• Require two or more light leptons (e or µ) and 
at least two jets (at least one of which is 
identified as coming from a b-hadron) 

• Main backgrounds:  production in association 
with a vector boson, and diboson production

LQd
mix Ũ1

LQLQ → tℓtℓ

tt̄

Pair-produced Leptoquarks
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ATLAS-CONF-2022-052
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• Effective mass ( ) used as 
discriminating variable: sum of  of 
light leptons and jets and   

• Additional background-enriched 
categories are used in the fit to 
improve the modelling of several 
leading backgrounds 

• For LQ decaying to , masses 
excluded up to 

• 1.6 TeV (1.64 TeV) for scalar LQ 

• 1.71 TeV (1.73 TeV) for vector LQ 
 in minimal coupling scenario 

• 2.0 TeV (2.0 TeV) for vector LQ 
 in Yang-Mills scenario

meff
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T

te (tμ)

Ũ1
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Pair-produced Leptoquarks Results
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ATLAS-CONF-2022-052

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-052/
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• Final state:  

• Select a pair of opposite charge taus produced in association 
with a b-tagged jet 

• Two channels, depending on the decay mode of the  are 
considered:  

• Main backgrounds: , single top-quark,  and 
multi-jet events

bττ

τ
τlepτhad and τhadτhad

tt̄ Z( → ττ) + jets

Singly-produced Scalar Leptoquarks
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ATLAS-CONF-2022-037

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-037/


Sébastien Rettie | SILAFAE 2022November 14, 2022

300 400 500 600 700 800 900 1000

 [GeV]TS

0.5
1

1.5
D

at
a/

Pr
ed

.

1

10

210

310

410

Bi
n

 / 
Ev

en
ts

Data
tt

tW
 fakeτ→Two Jet

+HFττ→*γ/Z

 fakeτ→Jet
Others
Uncertainty

210×
1.6 TeV

=1.0λs, LQτ

 PreliminaryATLAS
-1=13 TeV, 139 fbs

Post-Fit
hadτhadτSR, 

Data
tt

tW
 fakeτ→Two Jet

+HFττ→*γ/Z

 fakeτ→Jet
Others
Uncertainty

210×
1.6 TeV

=1.0λs, LQτ

400 600 800 1000

 [GeV]TS

0.6
0.8

1
1.2
1.4

D
at

a/
Pr

ed
.

1

10

210

310

410

Bi
n

 / 
Ev

en
ts

Data
tt

tW
 fakeτ→Jet

Others
Uncertainty

210×
1.6 TeV

=1.0λs, LQτ

 PreliminaryATLAS
-1=13 TeV, 139 fbs

Post-Fit
hadτlepτSR, 

Data
tt

tW
 fakeτ→Jet

Others
Uncertainty

210×
1.6 TeV

=1.0λs, LQτ

600 800 1000 1200 1400 1600 1800

 [GeV]LQm

0

0.5

1

1.5

2

2.5

3

3.5

4

   
λ

Yu
ka

w
a 

co
up

lin
g 

 Preliminary ATLAS
-1=13 TeV, 139 fbs

95% CL

 (Obs.)sLQτ
 (Exp.)sLQτ

 (Obs.)sLQs+LQsLQτ
 (Exp.)sLQs+LQsLQτ

• Discriminating variable is : scalar  
sum of the two  and leading-  b-jet 

• Masses of singly-produced LQ 
excluded for various coupling 
scenarios: 0.89 TeV for , 1.01 
TeV for , and 1.28 TeV for 

, where  is the LQ to  
Yukawa coupling 

• Results also interpreted in the context 
of the  model for single plus pair 
LQ production (LQ+LQLQ) 

• Lower observed limits driven by the 
highest  bin in the  channel
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Singly-produced Scalar Leptoquarks Results
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ATLAS-CONF-2022-037
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• VLL doublet couple only to 3rd generation leptons 

• Final state: 2, 3, or ≥4 light leptons (e or µ), and zero or 
more hadronically decaying tau leptons 

• Events classified using Boosted Decision Tree (BDT)

3rd Generation Vector-like Leptons (VLL)
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ATLAS-CONF-2022-044
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3rd Generation Vector-like Leptons (VLL) Results
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• Seven signal 
regions 
require the 
same selection 
as BDT training 
regions (see 
previous slide), 
with an 
additional cut 
on the BDT 
score 

• VLL masses 
excluded up to 
900 GeV for 
VLL coupling to 
3rd generation 
SM leptons

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-044/
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Vector-like Quarks (VLQ)
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EXOT-2018-58
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• Require high-pT Z boson decaying to two same-flavour 
opposite-sign leptons (e or µ), and at least one b-tagged jet 

• Additional leptons from the V (W/Z) or H decay define 2-
lepton vs ≥3-lepton channels 

• Deep neural network (DNN) used to classify large-radius 
jets originating from hadronically decaying Z/W bosons, H 
boson, or top quark 

• 19 fit categories based on lepton multiplicity, number of b-
tagged jets, and DNN tags
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Vector-like Quarks (VLQ) Results
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• Binned likelihood fit of the discriminating 
variables in the categories of each 
individual channel carried out 

• Limits set for various VLQ models

EXOT-2018-58
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• Final state: at least one light lepton (e or µ) 
and two jets 

• Search for deviations from a smoothly falling 
background hypothesis 

• Use three- and four-body invariant mass 
distributions constructed from leptons and 
jets:  

• Background is estimated with: 
, where 

 and  are free parameters 

• No significant excess observed above the 
background expectation

mjjl, mjjll, mjbl, mbbl

f(x) = p1(1 − x)p2xp3+p4 ln x+p5 ln2 x

x ≡ m / s pi

Generic Searches
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ATLAS-CONF-2022-048
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Generic Searches Results
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• Limits set on BSM models, e.g. the 
sequential standard model (same 
couplings as the SM, but larger masses for 
W’/Z’ bosons) 

• Model-independent limits also provided for 
generic Gaussian-like signals with 
different widths

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-048/
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• Semi-visible jets signature can arise in strongly-interacting dark sectors 

• Final state: SM hadrons and dark hadrons produced by t-channel 
mediator Φ 

• Pythia8 Hidden Valley (HV) module used to simulate interactions 
connecting the dark sector with the SM sector 

• Search exploits two largely uncorrelated variables: 

•
 

• Difference in the azimuthal angle between  and : 

pbal
T =

⃗pT( j1) + ⃗pT( j2)

⃗pT( j1) + ⃗pT( j2)

j1 j2 ϕmax − ϕmin

Semi-visible Jets (SVJ)
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ATLAS-CONF-2022-038
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• Signal region requires  and 
, with  being the scalar sum of jet  

• Control regions, used to estimate backgrounds more 
accurately, require additional selections: 

• 1L (W+jets): exactly one µ, no b-tagged jet 

• 1L1B (  and single top): exactly one µ, exactly one 
b-tagged jet 

• 2L (Z+jets): two opposite charged µ with invariant mass 
between 66 GeV and 116 GeV, no b-tagged jet 

• Upper limits on mediator mass range from 2.4 TeV to 2.7 TeV, 

depending on the values of 

Emiss
T ≥ 600 GeV

HT ≥ 600 GeV HT pT

tt̄

Rinv = ⟨ # of stable hadrons

# of hadrons ⟩

Semi-visible Jets (SVJ) Results
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ATLAS-CONF-2022-038
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ATLAS-CONF-2022-036
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• Final state: top quark and missing transverse 
momentum ( ) 

• Require lepton veto, , and 
at least one top-tagged large-R jet with 

 

• Exploit event topology by reconstructing 
boosted top quark from decay products 

• “T” , “V” , “f”

Emiss
T

Emiss
T > 250 GeV

pT ∈ [350,2500] GeV and mass ∈ [40,600] GeV

→ tt̄ → V + jets → forward jet

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-036/
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• XGBoost used to 
discriminate signal from 
background 

• SR0b expected to account 
for b-tagging inefficiencies, 
increasing signal selection 
efficiency by 30 to 60% 

• VLQ masses excluded up to 
2.2 TeV assuming coupling 
to the top quark  
and branching ratio for 

 of 25% 

• Dark Matter candidate 
masses excluded for scalar 
(vector) mediators up to 5.0 
(2.8) TeV assuming a 
resonant (non-resonant) 
model

κT = 0.5

T → Zt
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-036/
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• Broad physics programme 
searching for new phenomena 
with ATLAS; many searches 
not covered today! 

• So far, no significant 
deviation from the Standard 
Model expectation 

• Run 3 data currently being 
collected; expect new results 
soon!

A Promising Road Ahead

22



Thank you! 
Merci! 

Questions?
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Summary Plot
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ADD GKK + g/q 0 e, µ, τ, γ 1 − 4 j Yes 139 n = 2 2102.1087411.2 TeVMD

ADD non-resonant γγ 2 γ − − 36.7 n = 3 HLZ NLO 1707.041478.6 TeVMS

ADD QBH − 2 j − 139 n = 6 1910.084479.4 TeVMth

ADD BH multijet − ≥3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 TeVMth

RS1 GKK → γγ 2 γ − − 139 k/MPl = 0.1 2102.134054.5 TeVGKK mass

Bulk RS GKK →WW /ZZ multi-channel 36.1 k/MPl = 1.0 1808.023802.3 TeVGKK mass

Bulk RS GKK →WV → #νqq 1 e, µ 2 j / 1 J Yes 139 k/MPl = 1.0 2004.146362.0 TeVGKK mass

Bulk RS gKK → tt 1 e, µ ≥1 b, ≥1J/2j Yes 36.1 Γ/m = 15% 1804.108233.8 TeVgKK mass

2UED / RPP 1 e, µ ≥2 b, ≥3 j Yes 36.1 Tier (1,1), B(A(1,1) → tt) = 1 1803.096781.8 TeVKK mass

SSM Z ′ → ## 2 e, µ − − 139 1903.062485.1 TeVZ′ mass

SSM Z ′ → ττ 2 τ − − 36.1 1709.072422.42 TeVZ′ mass
Leptophobic Z ′ → bb − 2 b − 36.1 1805.092992.1 TeVZ′ mass
Leptophobic Z ′ → tt 0 e, µ ≥1 b, ≥2 J Yes 139 Γ/m = 1.2% 2005.051384.1 TeVZ′ mass

SSM W ′ → #ν 1 e, µ − Yes 139 1906.056096.0 TeVW′ mass

SSM W ′ → τν 1 τ − Yes 139 ATLAS-CONF-2021-0255.0 TeVW′ mass

SSM W ′ → tb − ≥1 b, ≥1 J − 139 ATLAS-CONF-2021-0434.4 TeVW′ mass
HVT W ′ →WZ → #νqq model B 1 e, µ 2 j / 1 J Yes 139 gV = 3 2004.146364.3 TeVW′ mass

HVT W ′ →WZ → #ν #′#′ model C 3 e, µ 2 j (VBF) Yes 139 gV cH = 1, gf = 0 ATLAS-CONF-2022-005340 GeVW′ mass

HVT W ′ →WH → #νbb model B 1 e, µ 1-2 b, 1-0 j Yes 139 gV = 3 2207.002303.3 TeVW′ mass
HVT Z ′ → ZH → ##/ννbb model B 0,2 e, µ 1-2 b, 1-0 j Yes 139 gV = 3 2207.002303.2 TeVZ′ mass
LRSM WR → µNR 2 µ 1 J − 80 m(NR) = 0.5 TeV, gL = gR 1904.126795.0 TeVWR mass

CI qqqq − 2 j − 37.0 η−LL 1703.0912721.8 TeVΛ
CI ##qq 2 e, µ − − 139 η−LL 2006.1294635.8 TeVΛ
CI eebs 2 e 1 b − 139 g∗ = 1 2105.138471.8 TeVΛ
CI µµbs 2 µ 1 b − 139 g∗ = 1 2105.138472.0 TeVΛ
CI tttt ≥1 e,µ ≥1 b, ≥1 j Yes 36.1 |C4t | = 4π 1811.023052.57 TeVΛ

Axial-vector med. (Dirac DM) 0 e,µ, τ, γ 1 − 4 j Yes 139 gq=0.25, gχ=1, m(χ)=1 GeV 2102.108742.1 TeVmmed

Pseudo-scalar med. (Dirac DM) 0 e,µ, τ, γ 1 − 4 j Yes 139 gq=1, gχ=1, m(χ)=1 GeV 2102.10874376 GeVmmed

Vector med. Z ′-2HDM (Dirac DM) 0 e, µ 2 b Yes 139 tan β=1, gZ =0.8, m(χ)=100 GeV 2108.133913.1 TeVmmed

Pseudo-scalar med. 2HDM+a multi-channel 139 tan β=1, gχ=1, m(χ)=10 GeV ATLAS-CONF-2021-036560 GeVmmed

Scalar LQ 1st gen 2 e ≥2 j Yes 139 β = 1 2006.058721.8 TeVLQ mass

Scalar LQ 2nd gen 2 µ ≥2 j Yes 139 β = 1 2006.058721.7 TeVLQ mass

Scalar LQ 3rd gen 1 τ 2 b Yes 139 B(LQu
3 → bτ) = 1 2108.076651.2 TeVLQu

3
mass

Scalar LQ 3rd gen 0 e, µ ≥2 j, ≥2 b Yes 139 B(LQu
3 → tν) = 1 2004.140601.24 TeVLQu

3
mass

Scalar LQ 3rd gen ≥2 e, µ, ≥1 τ ≥1 j, ≥1 b − 139 B(LQd
3 → tτ) = 1 2101.115821.43 TeVLQd

3
mass

Scalar LQ 3rd gen 0 e, µ, ≥1 τ 0 − 2 j, 2 b Yes 139 B(LQd
3 → bν) = 1 2101.125271.26 TeVLQd

3
mass

Vector LQ 3rd gen 1 τ 2 b Yes 139 B(LQV
3 → bτ) = 0.5, Y-M coupl. 2108.076651.77 TeVLQV

3
mass

VLQ TT → Zt + X 2e/2µ/≥3e,µ ≥1 b, ≥1 j − 139 SU(2) doublet ATLAS-CONF-2021-0241.4 TeVT mass
VLQ BB →Wt/Zb + X multi-channel 36.1 SU(2) doublet 1808.023431.34 TeVB mass
VLQ T5/3T5/3 |T5/3 →Wt + X 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 36.1 B(T5/3 →Wt)= 1, c(T5/3Wt)= 1 1807.118831.64 TeVT5/3 mass

VLQ T → Ht/Zt 1 e, µ ≥1 b, ≥3 j Yes 139 SU(2) singlet, κT = 0.5 ATLAS-CONF-2021-0401.8 TeVT mass

VLQ Y →Wb 1 e, µ ≥1 b, ≥1 j Yes 36.1 B(Y →Wb)= 1, cR (Wb)= 1 1812.073431.85 TeVY mass

VLQ B → Hb 0 e,µ ≥2b, ≥1j, ≥1J − 139 SU(2) doublet, κB= 0.3 ATLAS-CONF-2021-0182.0 TeVB mass
VLL τ′ → Zτ/Hτ multi-channel ≥1 j Yes 139 SU(2) doublet ATLAS-CONF-2022-044898 GeVτ′ mass

Excited quark q∗ → qg − 2 j − 139 only u∗ and d∗, Λ = m(q∗) 1910.084476.7 TeVq∗ mass

Excited quark q∗ → qγ 1 γ 1 j − 36.7 only u∗ and d∗, Λ = m(q∗) 1709.104405.3 TeVq∗ mass

Excited quark b∗ → bg − 1 b, 1 j − 139 1910.04473.2 TeVb∗ mass
Excited lepton #∗ 3 e, µ − − 20.3 Λ = 3.0 TeV 1411.29213.0 TeV!∗ mass
Excited lepton ν∗ 3 e,µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

Type III Seesaw 2,3,4 e, µ ≥2 j Yes 139 2202.02039910 GeVN0 mass
LRSM Majorana ν 2 µ 2 j − 36.1 m(WR ) = 4.1 TeV, gL = gR 1809.111053.2 TeVNR mass

Higgs triplet H±± →W ±W ± 2,3,4 e,µ (SS) various Yes 139 DY production 2101.11961350 GeVH±± mass
Higgs triplet H±± → ## 2,3,4 e,µ (SS) − − 139 DY production ATLAS-CONF-2022-0101.08 TeVH±± mass
Higgs triplet H±± → #τ 3 e,µ, τ − − 20.3 DY production, B(H±±

L
→ #τ) = 1 1411.2921400 GeVH±± mass

Multi-charged particles − − − 139 DY production, |q| = 5e ATLAS-CONF-2022-0341.59 TeVmulti-charged particle mass

Magnetic monopoles − − − 34.4 DY production, |g | = 1gD , spin 1/2 1905.101302.37 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 8 TeV

√
s = 13 TeV

partial data

√
s = 13 TeV
full data

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits
Status: July 2022

ATLAS Preliminary∫
L dt = (3.6 – 139) fb−1

√
s = 8, 13 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.

†Small-radius (large-radius) jets are denoted by the letter j (J).
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A Toroidal LHC ApparatuS
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η=0.5

η=1

η=1.5

η=2

η=3
η=4

η=2.5

η=0

Interaction 
Point (IP)

η = − ln (tan(θ/2))

• Weighs 7000 tonnes (~1 Eiffel Tower) 

• 3000 km of cables 

• 100 Million electronics channels 
readout every 25 ns
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• Different particles leave different 
signatures in the detector 

• Solenoid and toroid magnetic fields 
bend particles to measure momenta

Particle Detection in ATLAS

26
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Pair-produced Leptoquarks
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ATLAS-CONF-2022-052
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-052/
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• Quark-gluon scattering

Singly-produced Scalar Leptoquarks

28

ATLAS-CONF-2022-037

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-037/
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3rd Generation Vector-like Leptons (VLL)
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ATLAS-CONF-2022-044
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-044/
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3rd Generation Vector-like Leptons (VLL)
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ATLAS-CONF-2022-044

Variable Description

E
miss

T The missing transverse momentum in the event
S(Emiss

T ) The missing transverse momentum significance in the event
LT The scalar sum of light leptons pT in the event
LT + E

miss

T The scalar sum of light leptons pT and the missing transverse momentum in the event
LT + pT (⌧) The scalar sum of light leptons pT and sum of taus pT in the event
pT (l1) The leading light lepton pT in the event
pT (l2) The sub-leading light lepton pT in the event
pT (j1) The leading jet pT in the event
pT (⌧1) The leading ⌧ pT in the event
Nj The number of jets in the event
Nb The number of b-jets in the event
HT The scalar sum of jet pT in the event
LT +HT The scalar sum of light leptons pT and sum of jets pT in the event
Mll The invariant mass of all light leptons in the event
Ml⌧ The invariant mass of all light leptons and taus in the event
Mlj The invariant mass of all light leptons and jets in the event
Mjj The invariant mass of all jets in the event
Mj⌧ The invariant mass of all jets and taus in the event
MT The transverse mass of the leading light lepton in the event
MOSSF The invariant mass the opposite sign same flavor pair of light leptons closest to the Z mass in the event
��(j1E

miss

T ) �� between E
miss

T and the leading pT jet in the event
��(l1E

miss

T ) �� between E
miss

T and the leading pT light lepton in the event
��(l1l2) �� between the leading and sub-leading pT light lepton in the event
��(l1j1) �� between the leading pT light lepton and jet in the event
��(⌧1E

miss

T ) �� between E
miss

T and the leading pT ⌧ in the event
��(l1⌧1) �� between the leading pT light lepton and ⌧ in the event
��(j1⌧1) �� between the leading pT jet and ⌧ in the event
�R(j1E

miss

T ) �R between E
miss

T and the leading pT jet in the event
�R(l1E

miss

T ) �R between E
miss

T and the leading pT light lepton in the event
�R(l1l2) �R between the leading and sub-leading pT light lepton in the event
�R(l1j1) �R between the leading pT light lepton and jet in the event
�R(⌧1E

miss

T ) �R between E
miss

T and the leading pT ⌧ in the event
�R(l1⌧1) �R between the leading pT light lepton and ⌧ in the event
�R(j1⌧1) �R between the leading pT jet and ⌧ in the event

• BDT training variables

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-044/
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Vector-like Quarks (VLQ)
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EXOT-2018-58

Preselection � 2 central jets
at least two SF leptons with ?T > 28 GeV

at least one pair of OS-SF leptons |< (✓✓) � </ | < 10 GeV

Channel 2✓ 3✓
definitions = 2✓ � 3✓

?T (✓✓) > 300 GeV ?T (✓✓) > 200 GeV
�T(jet) + ⇢miss

T > 920 GeV �T(jet + lep) > 300 GeV

Region 11 SR 21 SR 11 CR 21 CR SR ++ CR
definitions �T(jet) + ⇢miss

T > 1380 GeV �T(jet) + ⇢miss
T < 1380 GeV – –

= 1 1-jet � 2 1-jet = 1 1-jet � 2 1-jet � 1 1-jet = 0 1-jet

MCBOT categories 7 7 – – 5 –
Fitted variable <(/11) <(/12) �T(jet) + ⇢miss

T �T(jet + lep)

Category
2✓ channel 3✓ channel

11 SR 21 SR –
+-tags �-tags top-tags +-tags �-tags top-tags +-tags �-tags top-tags

No tag 0 0 0 0 0 0 0 0 0

V tag 1 0 0 1 0 0 � 1 0 0

H tag 0 1 0 0 1 0 0 � 1 0

Top tag 0 0 1 0 0 1 0 0 � 1

Double tag 1

2 0 0 2 0 0 –
0 2 0 0 2 0 –
1 0 1 1 1 0 –

– 0 0 2 –

Double tag 2
0 1 1 0 1 1 –
0 0 2 – –

Overflow (OF)

1 1 0 1 0 1 0 � 1 � 1
or > 2 tags or > 2 tags � 1 0 � 1

– – � 1 � 1 0
– – � 1 � 1 � 1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-58/
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Generic Searches
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ATLAS-CONF-2022-048
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Invisible Particles
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ATLAS-CONF-2022-036
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-036/
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Invisible Particles
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ATLAS-CONF-2022-036

Variable Description Resonant Non-resonant VLQ
DM model DM model

E
miss
T Missing transverse momentum X X X

⌦ E
miss
T and large-R jet pT balance:

E
miss
T �pT(J)

E
miss
T +pT(J)

X X X

Njets Small-R jet multiplicity X X X

�Rmax Maximum �R between two small-R jets X X X

mT,min(E
miss
T ,b-jet) Transverse mass of E

miss
T and the closest b-tagged jet. X X X

mtop-tagged jet Mass of the large-R top-tagged jet X X

�pT (J ,jets)
Scalar di↵erence of large-R jet pT and the sum

of pT of all small-R jets.
X X

HT Sum of all small-R jet pT X X

HT/E
miss
T Ratio of HT and E

miss
T X X

�E(Emiss
T ,J) Energy di↵erence between E

miss
T and the large-R jet X X

��(Emiss
T ,J)

Angular distance in the transverse plane between

E
miss
T and large-R jet

X X

pT(J) Large-R jet pT X

mT(E
miss
T ,J) Transverse mass of the E

miss
T and large-R jet X

��(b-tagged jet,J)
Angular distance in the transverse plane between the

large-R jet and the leading b-jet
X

• BDT training variables

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-036/
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• Many theories beyond the Standard Model (BSM) have been proposed to address several of 
the Standard Model shortcomings, such as the origin of dark matter and neutrino masses, the 
fine-tuning of the Higgs boson mass, or the observed pattern of masses and mixing angles in 
the quark and lepton sectors. Many of these BSM extensions predict new particles or 
interactions directly accessible at the LHC. This talk will present some highlights on recent 
searches based on the the full Run 2 data collected by the ATLAS detector at the LHC with a 
centre-of-mass energy of 13 TeV. These include searches for leptoquarks and vector-like 
fermions, new high mass resonances and lepton flavour violating decays, dark sector 
searches, as well as searches for new phenomena giving unconventional and/or long-lived 
particle signatures.

Abstract
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