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• Searches for Exotica at LHC = leave no stone unturned
• (Exotic) BSM scenarios
• (Exotic) detector signatures
• (Exotic) analysis techniques
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• Searches for Exotica at LHC = leave no stone unturned
• (Exotic) BSM scenarios
• (Exotic) detector signatures
• (Exotic) analysis techniques

• Where are we?
• LHC Run2 data at 13 TeV collected 2015-2018
• EPS2019: First results with full Run2 dataset (139/fb): simple resonances, SUSY
• O(100) searches since then, O(100) to come

• 27 new search results for EPS2021
• ATLAS EXOT, HDBS, SUSY public results
• CMS EXO, B2G, SUSY public results
• LHCb QCD, Electroweak, Exotica public results

• Focus of today:
• Overview of BSM scenarios and signatures
• New routes explored in exotic searches
• New results

Introduction
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic
http://cms-results.web.cern.ch/cms-results/public-results/publications/
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_QEE.html


Outline

New fermions

New bosons

Dark matter, dark sector

SUSY partners

Long-lived particles

4

+



• Vector-like quarks (VLQ)
• L/R-handed transform same
• Can mix with 3rd gen SM partners

to regulate Higgs mass

• Heavy neutral leptons/neutrinos (HNL)
• Can generate small neutrino mass via seesaw 

mechanism

• Excited states of quarks/leptons (q*, l*)
from compositeness
• Composite Higgs can regulate Higgs mass

New fermions
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Pair production
(strong)

Single production
(EWK)
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• Search for resonances on smoothly falling b-tagged dijet mass spectrum
• DNN-based b-tag improves background rejection
• Require at least one b-tag for b*àbg signal
• Background estimated from s+b fit with smooth functional form

• Most stringent b* limit >4 TeV
• Including b* production process qqàbb* significantly improves limits

Excited bottom quark b* in dijets
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Z’àbb search as well

https://cds.cern.ch/record/2776798?ln=en


• Target resolved lljj and boosted lJ (new!) topologies (mWR>>mN)
• Identify boosted decay by lepton subjet fraction
• 4 event categories ee/µµ resolved/boosted
• tt yield and Z+jet shape constraint by control region

• Significantly improved sensitivity for mN<0.5 TeV

Heavy neutral lepton and heavy WR in llqq
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CMS-PAS-EXO-20-002

new
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• Target resolved and boosted jet topologies with one lepton
• Categorize events according to multiplicities:

jet, b-tag, forward-jet, lep-top, top-tag, H-tag, V-tag
• Search for excess in scalar sum of object pT (meff)
• Top and V+jet background reweighted data-driven vs. Njet and meff
• Universal coupling strength 𝜅>0.5 excluded for mT<1.8 TeV

• Significantly improved limit w.r.t. previous single VLT searches

Single vector-like T à tH/tZ in lv+jets

àlvb

àqq/bb

(àbqq)
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ATLAS-CONF-2021-040

new
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-040


• Spin-0 h, H, A, H+- in 2HDM
• Simplest BSM extension of SM Higgs sector

• Spin-1 W’/Z’: in many models, e.g. composite Higgs
• Possible solution to hierarchy problem
• Benchmark model: Heavy vector triplet (mW’~mZ’)

• Spin-2 gravitons, spin-0 radions in extra dimension models
• Possibly solution to hierarchy problem

• Axion-like-particles (spin-0 pseudoscalar)
• Specific case of axion is solution to Strong-CP-problem
• Dark matter candidate

• Leptoquarks (spin-0/1)
• Possible explanation for LHCb flavour anomalies

New bosons

X
SM

SM
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WWW resonance (CMS-PAS-B2G-21-002)
Charged Higgs in tàH±b (ATLAS-CONF-2021-037)
Xàaaà4gamma (CMS-PAS-HIG-21-003)
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Plenary talk by Paula Alvarez Cartelle (Thu)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-037/


• Identify events with DNN top tagger and b-tagger
• Signal event categories with 1 and 2 b-tags
• Data driven background estimate from regions with looser b/top-tags

• 4.4 TeV most stringent limit to date

W’àtb resonance in all-jets final states

2 b-tags
region
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ATLAS-CONF-2021-043

new

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-043
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• Generic spin-0/1/2 narrow-width resonance X
• Event categories based on jet substructure (D2) and mass,

and b-tagging for Zàbb
• Background from s+b fit of smooth functional form, checked in control region

• Current best exclusions of these processes

Heavy resonance Xà W𝛾/Z𝛾 in 𝛾+jet

X

𝛾

W/Z
q/b

q/b
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ATLAS-CONF-2021-041

new
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• Search for spin-0/2 resonance over wide mass range
• Two event topologies:

• Resolved with 4 b-tags (251-1500 GeV)
• Boosted with 2-, 3-, 4-b-tag categories (900-3000 GeV)

• Backgrounds dominated by multi-jet processes and
re-weighted from lower-tag regions

• Most sensitive X→HH channel at high mass

Heavy resonance XàHH in 4b

àbb

àbb
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ATLAS-CONF-2021-035
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• Target resolved category and spin-0 resonances
• Sensitivity gains wrt. 36/fb thanks to improved 𝜏h identification and b-taggers
• Extract signal with parameterised NN in the HH mass
• Data-driven techniques are used for jets faking hadronic taus
• Three distinct signal regions based on trigger requirements

• Most sensitive X→HH search at intermediate masses

Heavy resonance XàHH in 2b-jets+𝜏h+𝜏h/l
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ATLAS-CONF-2021-030

new

2b-jets+𝜏h+𝜏h/l  local 3𝜎 (global 2𝜎) for mX = 1 TeV
PNN score for mHH=1 TeV

tauh+(tauh) triggers

single-l triggers l+tauh triggers

àbb

à𝜏𝜏

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-030/


Heavy resonance XàHH in 4b and bbl(l)
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CMS-PAS-B2G-20-004
CMS-PAS-B2G-20-007
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• Two new searches for XàHH:
• 4b boosted+semi-resolved, bbWW*àbblvqq/bblvlv and bb𝜏𝜏àbblvvlvv
• Deep NN to tag H(bb)-jets and categorize events
• Data-driven background from H(bb)-tag fail regions
• Extract signal with 2D-fit of (mJ,mRed)
• New 4b semi-resolved improves sensitivity at 1-2 TeV

• Most sensitive of new HHà4b results above 1.5 TeV
• Best sensitivity to HHàbbl(l), better by factor 6-14 wrt. 36/fb

http://cds.cern.ch/record/2777083?ln=en
http://cds.cern.ch/record/2777173?ln=en


• First generic search for Xàaaà4b, 25<ma<100 GeV, 1<X<3 TeV
• Data driven background from Δ𝜂 and double-b-tag sideband
• Extract signal with 2D-fit of average jet mass and dijet mass

Xàaa resonances in 4b
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CMS-PAS-B2G-20-003
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• First limits on non-resonant ALP-mediated ZZ and ZH obtained 
by LHC experiments
• Target boosted and resolved final state with and without b-tag
• Constrain background shape from jet mass sidebands
• Spin-1/-2 resonances also probed
• Exclude events with mZH > fa when setting constraints (validity of the EFT)
• Limits valid in ma<100 GeV

Axion-like-particle à ZZ/ZH in ll+jet
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CMS-PAS-B2G-20-013
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• LFV Z->eµ
• BDT selection to suppress backgrounds

• B(Z->eµ) < 3.04 x 10-7

• Most stringent direct result
• 5x better than LEP

• Recent constraints from ATLAS
(arXiv:2105.12491)
• B(Z->e𝜏) < 5.0 x 10-6

• B(Z->µ𝜏) < 6.5 x 10-6 

Charged-lepton flavor violation in Zàeµ

from Zàee/µµ
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ATLAS-CONF-2021-042

new

https://arxiv.org/abs/2105.12491
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-042


• First search at LHC for Charge-flavor asymmetry in eµ

• Approximately 1 in pp collisions
• General and dedicated event selections for RPV-SUSY smuon-neutralino and scalar LQ
• e fakes from W+jet events estimated data driven and subtracted

Charge-flavor asymmetry in eµ
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ATLAS-CONF-2021-045

new

Signal regions
with MET

Signal regions
with jets

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-045


• Classical DM signature: ETmiss + X
with X = q, γ, W, Z, H, t, tt

• Simplified models

• Allow comparison with direct detection

• Dark sector: multiple fermions/bosons 
making up dark matter
• Portal/mediator between SM and dark 

sector could e.g. be dark photon, Higgs
• Dark matter fermions could acquire mass 

from dark or SM Higgs
• Relates DM to exotic decays of SM Higgs

Dark matter and dark sector

0 0.5 1 1.5 2 2.5 3 3.5 4
 [TeV]

VZ'm

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

 [T
eV

]
χ

m

 = 13 TeV, March 2021s
PreliminaryATLAS 

 = 1
χ

 = 0, g
l

 = 0.25, g
q

g
Vector mediator, Dirac DM

All limits at 95% CL

Dijet

Dijet

JHEP 03 (2020) 145

-1Dijet, 139 fb

PRL 121 (2018) 081801

-1Dijet TLA, 29.3 fb

PLB 795 (2019) 56

-1Dijet+ISR, 79.8 fb

PLB 788 (2019) 316

-1Boosted dijet+ISR, 36.1 fb

ATLAS-CONF-2018-052

-1+ISR, 80.5 fbbBoosted di-

 re
so

na
nc

e

tt  resonancett

EPJC 78 (2018) 565

-136.1 fb

 resonancebb

 resonancebb
JHEP 03 (2020) 145

-1139 fb

+Xmiss
TE

+Xmiss
TE

arXiv:2102.10874

-1+jet, 139 fbmiss
TE

arXiv:2011.05259

-1, 139 fbγ+miss
TE

JHEP 10 (2018) 180

-1+V(had), 36.1 fbmiss
TE

PLB 776 (2017) 318

-1+Z(ll), 36.1 fbmiss
TE

VZ'

 = 
m

χ m×2 

 = 0.12
2hcΩ

Therm
al R

elic 

19

gDMgq gq gq

X

Z’ Z’

Graphics credit Mariangela Lisanti

q

q

q

q

Plenary talk by Babette Döbrich (Thu)

ATL-PHYS-PUB-2021-006



• Search for decay of Higgs à DM and production of DM + Z(ll)
• Major backgrounds constraint in control regions
• Extract signal dedicated BDT for Hàinv or from mT(ll+MET)

• B(Hàinv) <18% @95% CL
• compare to 11% combining Run2 VBF+ttH +Run1 (ATLAS-CONF-2020-052)

Dark matter in Z(ll) + MET

20

ATLAS-CONF-2021-029

new

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-029


• 2HDM+a: simplest gauge-invariant and UV-complete extension of the 
simplified model with a pseudoscalar mediator
• Pseudoscalar not strongly constraint by direct detection

• First combination of ETmiss+H(bb) and ETmiss+Z(ll) channels

Combination of H(bb)/Z(ll)+MET in 2HDM+a
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ATLAS-CONF-2021-036

new
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• Extends excluded region to ms masses up to 300 GeV
• ATLAS MET+W(qq)W(qq) [1] search reached up to ~250 GeV
• 3 event categories in ∆R(ll) covering different boost
• Dominant prompt background norms from control regions
• 2D-fit of

Dark Higgs in MET+W(lv)W(lv)
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• A whole search program by itself
• Can answer many of the 

unresolved questions

• Typical signature (RPC)
• Pair production
• (Long) decay chains to lightest 

SUSY partner (LSP)

• LSP potential dark matter candidate
(if RPC) à final states with MET

SUSY
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q̃q̃, q̃→qχ̃
0
1

0 e, µ 2-6 jets Emiss
T 139 m(χ̃

0
1)<400 GeV 2010.142931.85q̃ [1×, 8× Degen.] 1.0q̃ [1×, 8× Degen.]

mono-jet 1-3 jets Emiss
T 36.1 m(q̃)-m(χ̃

0
1)=5 GeV 2102.108740.9q̃ [8× Degen.]

g̃g̃, g̃→qq̄χ̃
0
1

0 e, µ 2-6 jets Emiss
T 139 m(χ̃

0
1)=0 GeV 2010.142932.3g̃

m(χ̃
0
1)=1000 GeV 2010.142931.15-1.95g̃̃g Forbidden

g̃g̃, g̃→qq̄Wχ̃
0
1

1 e, µ 2-6 jets 139 m(χ̃
0
1)<600 GeV 2101.016292.2g̃

g̃g̃, g̃→qq̄("")χ̃
0
1

ee, µµ 2 jets Emiss
T 36.1 m(g̃)-m(χ̃

0
1 )=50 GeV 1805.113811.2g̃

g̃g̃, g̃→qqWZχ̃
0
1

0 e, µ 7-11 jets Emiss
T 139 m(χ̃

0
1) <600 GeV 2008.060321.97g̃

SS e, µ 6 jets 139 m(g̃)-m(χ̃
0
1)=200 GeV 1909.084571.15g̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Emiss
T 79.8 m(χ̃

0
1)<200 GeV ATLAS-CONF-2018-0412.25g̃

SS e, µ 6 jets 139 m(g̃)-m(χ̃
0
1)=300 GeV 1909.084571.25g̃

b̃1b̃1 0 e, µ 2 b Emiss
T 139 m(χ̃

0
1)<400 GeV 2101.125271.255b̃1

10 GeV<∆m(b̃1,χ̃
0
1)<20 GeV 2101.125270.68b̃1

b̃1b̃1, b̃1→bχ̃
0
2 → bhχ̃

0
1

0 e, µ 6 b Emiss
T 139 ∆m(χ̃

0
2 , χ̃

0
1)=130 GeV, m(χ̃

0
1)=100 GeV 1908.031220.23-1.35b̃1b̃1 Forbidden

2 τ 2 b Emiss
T 139 ∆m(χ̃

0
2 , χ̃

0
1)=130 GeV, m(χ̃

0
1)=0 GeV ATLAS-CONF-2020-0310.13-0.85b̃1b̃1

t̃1 t̃1, t̃1→tχ̃
0
1

0-1 e, µ ≥ 1 jet Emiss
T 139 m(χ̃

0
1)=1 GeV 2004.14060,2012.037991.25t̃1

t̃1 t̃1, t̃1→Wbχ̃
0
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1 e, µ 3 jets/1 b Emiss
T 139 m(χ̃

0
1)=500 GeV 2012.037990.65t̃1t̃1 Forbidden

t̃1 t̃1, t̃1→τ̃1bν, τ̃1→τG̃ 1-2 τ 2 jets/1 b Emiss
T 139 m(τ̃1)=800 GeV ATLAS-CONF-2021-0081.4t̃1t̃1 Forbidden

t̃1 t̃1, t̃1→cχ̃
0
1 / c̃c̃, c̃→cχ̃

0
1

0 e, µ 2 c Emiss
T 36.1 m(χ̃

0
1)=0 GeV 1805.016490.85c̃

0 e, µ mono-jet Emiss
T 139 m(t̃1,c̃)-m(χ̃

0
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0
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0
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0
1
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0
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0
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0
1)= 40 GeV 2006.058800.86t̃2t̃2 Forbidden

χ̃±
1
χ̃0
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T 139 m(χ̃

0
1)=0, wino-bino 2106.01676, ATLAS-CONF-2021-0220.96χ̃±

1 /χ̃
0

2
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0
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1 /χ̃
0

2
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1 via WW 2 e, µ Emiss
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1
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1
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±
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0
1)) 1908.082151.0χ̃±

1

τ̃τ̃, τ̃→τχ̃
0
1 2 τ Emiss

T 139 m(χ̃
0
1)=0 1911.066600.12-0.39τ̃ [τ̃L, τ̃R,L] 0.16-0.3τ̃ [τ̃L, τ̃R,L]

"̃L,R "̃L,R, "̃→"χ̃
0
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2 e, µ 0 jets Emiss
T 139 m(χ̃

0
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0
1)=10 GeV 1911.126060.256#̃
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Direct χ̃
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1 Disapp. trk 1 jet Emiss
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Pure higgsino ATLAS-CONF-2021-0150.21χ̃±
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χ̃±
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χ̃∓

1 /χ̃
0
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0

1 [BR(Zτ)=1, BR(Ze)=1] 0.625χ̃∓
1 /χ̃

0

1 [BR(Zτ)=1, BR(Ze)=1]

χ̃±
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1 /χ̃
0
2 → WW/Z""""νν 4 e, µ 0 jets Emiss

T 139 m(χ̃
0
1)=200 GeV 2103.116841.55χ̃±
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0

2 [λi33 ! 0, λ12k ! 0] 0.95χ̃±
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0
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0
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0
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0
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0
1, χ̃

0
1 → tbs Multiple 36.1 m(χ̃
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1)=200 GeV, bino-like ATLAS-CONF-2018-0031.05t̃ [λ′′

323
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1 → bbs ≥ 4b 139 m(χ̃

±
1 )=500 GeV 2010.010150.95t̃̃t Forbidden

t̃1 t̃1, t̃1→bs 2 jets + 2 b 36.7 1710.071710.61t̃1 [qq, bs] 0.42t̃1 [qq, bs]

t̃1 t̃1, t̃1→q" 2 e, µ 2 b 36.1 BR(t̃1→be/bµ)>20% 1710.055440.4-1.45t̃1

1 µ DV 136 BR(t̃1→qµ)=100%, cosθt=1 2003.119561.6t̃1 [1e-10< λ′
23k
<1e-8, 3e-10< λ′

23k
<3e-9] 1.0t̃1 [1e-10< λ′

23k
<1e-8, 3e-10< λ′

23k
<3e-9]

χ̃±
1 /χ̃

0
2/χ̃

0
1, χ̃0

1,2
→tbs, χ̃

+

1→bbs 1-2 e, µ ≥6 jets 139 Pure higgsino ATLAS-CONF-2021-0070.2-0.32χ̃0
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ATLAS SUSY Searches* - 95% CL Lower Limits
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s = 13 TeV

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

HH(4b)+MET (CMS-PAS-SUS-20-004)

new



• Unique sensitivity to models with photons and jets in the final 
state, including SUSY General Gauge Mediation models
• 3 signal regions based on photon pT + event activity targeting different 

neutralino/gravitino mass ratios
• W𝛾, tt𝛾, 𝛾+jets constraint in control regions, checked in validation regions
• GGM scenario with a NLSP neutralino that is a mixture of higgsino and bino

• Sensitivity improved over Run1 result by up to
1000 (400) GeV for 𝛾/H (𝛾/Z)

Neutralino/gravitino in 𝛾 + jets + MET
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ATLAS-CONF-2021-028

new

Signal Region Nobs Nexp h✏�i95

obs
[fb] h✏�i95

exp
[fb] S95

obs
S95

exp
p0(Z)

SRL 2 2.67 ± 0.75 0.030 0.034
+0.019

�0.011
4.12 4.7+2.6

�1.6 0.50 (0.00)

SRM 0 2.55 ± 0.64 0.018 0.032
+0.018

�0.011
2.56 4.4+2.5

�1.6 0.50 (0.00)

SRH 5 2.55 ± 0.44 0.054 0.034
+0.019

�0.011
7.43 4.7+2.6

�1.6 0.09 (1.36)

/ h

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-028/


• Targets prompt and long lived staus, occurring in GMSB models
• Events categorized according to ΣmT, mT2, 𝜏 pT
• Dedicated search regions for displaced taus (c𝜏<2.5mm)
• Background reduced with DNN 𝜏 identification
• 𝜏 𝜏 background estimated with embedded sample

• Exclude degenerate stau production up to 400 GeV
• For c𝜏 =0.1mm, exclude mass range 150-220GeV

Staus in hadronic 𝜏 + MET final states
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CMS-PAS-SUS-21-001
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• Long-loved particles (LLP) appear in SM and BSM
• Small couplings
• Phase-space suppression
• Heavy intermediate states
• (almost) conserved symmetries

• Signatures
• timing
• ionization
• displacement

• Dedicated reconstruction techniques

• Benchmark models with LLP
• SUSY, HNL, dark sectors

Long-lived particles

Graphic credit: Brian Shuve
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• Reconstruct displaced lepton pair vertex in tracker
• Event categories in distance between primary and secondary 

vertices ∆2D, mll, flavor
• Data driven background loose-to-tight method

• Limits on mixing of N with SM leptons improved 
by an order of magnitude, best limits

HNL à displaced dilepton
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CMS-PAS-EXO-20-009
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• Reconstruct displaced (0.5<Rxy<20 mm) high-multiplicity 
vertex with one associated isolated high-pT muon
• MVA kinematic selection
• Resonant signal extracted from fit to reconstructed LLP mass

Massive long-lived particles in µ+jets

29

LHCb-PAPER-2021-028

new

30<mh0<200 GeV10<mLLP<90 GeV VELO



• Displaced ee/µµ search without req. same vertex
• Detect displacement within pixel tracker
• Transverse impact parameter 0.1< |d0| <100mm
• Estimate background from prompt lepton region

• Exclusive sensitivity to ≲ 1mm compared to [1]

Search for displaced ee/µµ
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CMS-PAS-EXO-18-003
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[1] arXiv:2011.07812

https://cds.cern.ch/record/2776771?ln=en


• Reconstruct two isolated vertices in muon spectrometer 
displaced by 3-14m
• Data-driven background estimate to 0.32±0.05 events
• No event observed

• Most stringent constraints in probed lifetime regime

Displaced jets in muon spectrometer
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ATLAS-CONF-2021-032

new

m𝜙=125 GeV m𝜙=1 TeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-032


• Large number of models and signatures already explored
with LHC Run2 data

• Besides amount of data, sensitivity significantly enhanced
over previous early Run2 searches with new reconstruction 
and analysis techniques

• Several new models/signatures explored for the first time

• No new evidence for BSM to report today
• Significantly extended range of model phase-space excluded

• Still many stones left unturned
• More exotic models
• More exotic detector signatures
• More exotic analysis techniques
• LHC Run3 with new detector/trigger capabilities

Conclusions
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Model !, γ Jets† Emiss
T
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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 − 37.0 n = 6 1703.091278.9 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 Z ′ → ZH model B 0-2 e, µ 1-2 b Yes 139 gV = 3 ATLAS-CONF-2020-0433.2 TeVZ′ mass

HVT W ′ →WH model B 0 e, µ ≥1 b, ≥2 J 139 gV = 3 2007.052933.2 TeVW′ 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 ATLAS-CONF-2021-0063.1 TeVmmed

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

Scalar reson. φ→ tχ (Dirac DM) 0-1 e, µ 1 b, 0-1 J Yes 36.1 y=0.4, λ=0.2, m(χ)=10 GeV 1812.097433.4 TeVmφ

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 ATLAS-CONF-2021-0081.2 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

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

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 − 36.1 1805.092992.6 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 ATLAS-CONF-2021-023910 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) − − 36.1 DY production 1710.09748870 GeVH±± 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 − − − 36.1 DY production, |q| = 5e 1812.036731.22 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 2021

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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