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Introduction and Outline

» Exotic physics at ATLAS:
v' Searches for new physics (NP) beyond
the SM: Many well motived theories
v Many diverse & broad topics
« Large overlap with SYSY searches

» Only a few selected results from ATLAS
Analyses after summer 2018

v' Heavy neutrio + right-handed W
 arXiv: 1809.11105 [hep-ex]

v 4 Top pr'oduc‘rion Many other and diverse searches for
« arXiv: 1811.02305 [hep-ex] exotic physics at ATLAS

v' Single Long-lived neutral particle
« arXiv: 1811.02542 [hep-ex]

v" All based on 36.1fb-! data at 13TeV pp collisions (149fb-! recorded)

v" Not include SUSY, dark matter searches & BSM Higgs, Eg:
« TInvisible Higgs decays, arXiv: 1809.06682 [hep-ex]
« BSM H->hh arXiv:1811.04671 [hep-ex]

> Focus on basic search strategy without foo much technical details
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Heavy Neutrino and Right Handed W

> Left-right symmetric models: Keung-Senjanovic (KS) process
v Assuming no mixing between flavors: two same flavor leptons (eu) + 2 jets final
states
v" Heavy Dirac neutrino Ny: opposite signed leptons
v Heavy Majorana neutrino Ni: 50% same (SS) and 50% opposite (OS) signed leptons
» Background in OS final state:
v Dominated by SM top & Z+jets: estimated using MC
v Small contribution from diboson and W+ jets
» Background in SS final state:
v SM diboson and SM Z+jets (for ee only due to charge misidentification)
« Charge misidentification from control sample
v' Largest bg from fake leptons (~60%)
« estimated using fake factors from data
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Heavy Neutrino and Right Handed W

» Defined signal (SR) and control (CR) region:
v' Events in CR to constrain the background estimation
> Signal extraction: Simultaneous binned likelihood fits to various kinematic
variables of selected events in the signal and control regions
v' Simultaneous fit to SS and OS events for Majorana neutrino senario
> Systematic uncertainties taken into account as nuisance parameters in fits
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Heavv Neu‘rrmo and anh‘r Handed w
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Four Top Quark Production

» SM 4 quark production (0~9.2fb), can be significantly enhanced by NP
> Final state: 1 or 2 W boson decay leptonically
v' Single or dilepton + MET
v" high multiplicity of jets & b-jets
v" Hadronic top candidates tagged with large-R jets
> Dominated by SM top+jets production
v' Based on b-jet fake probability: assuming no correlation with jet multiplicity
> Distinguish signal from background using H+
v Hyi scalar sum of the jet Pt
> See talk by Leonid Serkin at this workshop for details
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Long-lived Neutral Particles (LLP)

New physics X at the LHC
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A relatively few HLSP,/

intrepid explorers
doing inventive things, fe.
a.k.a., the people and '
ideas at this workshop

> Long lived neutral particles predicted by NP: Hidden/Dark sectors, SUSY ......
» Very unconventional experimental signatures, Eg:
« Jets associated with vertice significant away from the collision point
« Narrow jets with little energy deposition in the EM calorimeter, and no
inner detector tracks
« Lepton jet: collinear jet-like structure containing leptons/pions
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Searches for LLP at ATLAS

ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary

Status: July 2018 [Ldt=(32-36.1)fb" V5=8 13 TeV
Model Signature  [£dt[b™] Lifetime limit Reference
RPVX‘I’ — eev/euviuuv displaced lepton pair 20.3 )(ll' lifetime m(g)=1.3TeV, m(;(?): 1.0 TeV 1504.05162
GGM x§ > zG displaced vtx + jets 20.3 X‘l’ lifetime m(g)=1.1TeV, m(y3)= 1.0 TeV 1504.05162
GGM X‘l’ - 276 displaced dimuon 32.9 Xrl’ lifetime 0.029-18.0 m m(g)=1.1TeV, m(,y?): 1.0 TeV CERN-EP-2018-173
GMSB non-pointing or delayed y  20.3 [ A? litetime . o0s54am SPS8 with A= 200 TeV 1409.5542
AMSB pp - xix%.xjx;  disappearing track 203 |7 lifetime _ m(y})= 450 GeV 1310.3675
§ AMSB pp — xix).x; x7  disappearing track 361 | lifetime 0.057-1.53 m m(y7)= 450 GeV 1712.02118
D AMSB pp o vy large pixel dE/dx 184 |1 lifetime . 13t90m m(})= 450 GeV 1506.05332
Stealth SUSY 2ID/MSvertices 195 | Slietime oo m(:)= 500 Gev 1504.03634
Split SUSY large pixel dE/dx 36.1 | & lifetime >09m m(&)=1.8TeV, m(x3)= 100GeV | CERN-EP-2018-198
Split SUSY displaced vix + EI" 328 | & lifetime 0.03-13.2m m(&)= 1.8 TeV, m(x2)= 100 GeV 1710.04901
Split SUSY 06,2-6jets +EM™ 361 | glifetime 0.0-21m m(&)= 1.8 TeV, m(x3)= 100 GeV | ATLAS-CONF-2018-003
Hoss 2 low-EMF trackless jets 203 | s lifetime _ m(s)= 25 GeV. 1501.04020
L Hoss 2ID/MS vertices 195 | slifetime s ()= 25Gev 1504.03634
T FRVZH 2754 X 2 e—, pu-jets 203 |[FaifEHTE 0-3 mm m(ya)= 400 MeV 1511.05542
% FRVZ H — 2yq + X 2 e- p-, n-jets 34 | yalifetime 0.022-1.113 m mi(yq)= 400 MeV ATLAS-CONF-2016-042
§ FRVZ H — 4y + X 2 e,y n-jets 34 | yalifetime 0.038-1.63m ATLAS-CONF-2016-042
H— Z4Z4 displaced dimuon 32.9 Z4 lifetime 0.009-24.0 m m(Zy)= 40 GeV CERN-EP-2018-173
VH with H — ss — bbbb 1 -2+ multi-b-jets 361 | slifetime  0-3 mm B(H = ss)=1, m(s)= 60 GeV 1806.07355
(300 GeV) — s 2 low-EMF trackless jets  20.3 | s lifetime . o02979m % B=1pb, m(s)= 50 GeV 1501.04020
_ | PB00GeV) o s 2 ID/MS vertices 19.5 | s lifetime oeeEslE] o 5= 1 pb. m(s)=50 GeV 1504.03634
%’ (600 GeV) — s s 2 low-EMF trackless jets 32 | s ifetime 0.09-2.7 m % B=1pb, m(s)= 50 GeV ATLAS-CONF-2016-103
D 5000 Gev) - 55 2 low-EMF trackless jets  20.3 | s lifetime . oisaim % B=1pb, m(s)= 50 GeV 1501.04020
(900 GeV) > ss 2 ID/MS vertices 195 | slifetime S oft183m % B=1pb, m(s)= 50 GeV 1504.03634
DA TeV) - ss 2low-EMF trackless jets 32 | s ifetime 0.78-16.0m o xB=1pb, m(s)=400GeV | ATLAS-CONF-2016-103
N HV Z'(1 TeV) — qyqy 2 ID/MS vertices 20.3 s lifetime o x B=1 pb, m(s)= 50 GeV 1504.03634
£ W Z'2TeV) - v 2 ID/MS vertices 203 | slifetime & x B=1pb, m(s)= 50 GeV 1504.03634
0.01 100 cr [m
“Only a selection of the available lifetime limits on new states is shown. (w/{ = 1)

All searches are for pair production of LLP so far
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Single LLP production with Z boson

[t

» Single production of LLP predicted in NP scenarios
> General search with a very unique experiment
signature: Displaced jet
> Dominated bg from Z+jets (jet fakes LLP signal)
v' Data driven approach for bg estimate
v" Measuring fake jet fake probability using W+jets
» Counting experiment, different E; cut for mg
v" UL as a function of mg myyand lifetime of Zd
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Single LLP production with Z boson
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Conclusion

> Very broad and rich exotic physics program at ATLAS
v' Only a few selected new results were reported here
v' Start to probe many possible new particles/NP scenario at TeV scale
v' Strong constraint for some NP scenario
» Current results still dominated by statistical limitation
v' Expect significantly better physics reach with more data (HL-LHC)

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

1 T | T | T | T | T | T T | T : [£dt=(32-79.8)fo Vs=8,13TeV
b 1 60 Model Gy Jetsi ET [raym) Limi Reference
T T T
N — — o ADD Gkx +8/9 Oep 1-4j Yes 36.1 Mo 7.7 TeV. n=2 1711.03301
I~ —_ 1 3 T V T G | ADDQBH - 2j - 370 |Ma 89TV n=6 170308127
- . m d S= e - § | ADDBHNgn 3 pr slew  22) - 82 M 82TeV 0 6.Mp - 3TV, lBH 160502265
> P re | | m | n ar E | ADDBH mutiet - >3j - 36 |Ma 9.55TeV n =6, Mp = 3TeV, ot BH 1512.02586
D - i £ kS Gu Wiz mutseramel %1 [Gocmes 2a7ev Wi o10 cenner o7
: . 1 W BukRS gkk — tt lep >1b,>1J2 Yes 361 |@kxmass 38TeV Tim=15% 1804.10823
o) o . Delivered: 158 fb N 2UE0 AP Tem 22be3i Yoo ser |kkmass 18Tev Ter 1,54 ) =1
c LHC Delivered R . b Mz~ Zen - - w1 |z asTev
=120 ecorded: 149 fb — o Sz r b %1 |z
| - S Leptophobic 2’ —» bb B 20 - %1 |zmas 21Tev 180509299
§ Leptophobic 2’ — tt Tep 2102102 Yes 361 |Z'mass 30Tev fim=1% 1804.10823
- ATLAS Reco rded — @ SSMW -0y ten - Yes 798 |Wrmass 56TeV ATLAS.CONF-2018.017
- - _ S ssMw 1r - Yes 361 |Wrmass 37Tev 1801.06992
& TV W agqmotelB Oen 24 798 | wmass 15 Tev a=3 ATLAS.CONF-2018.016
J 1 OO — - HVT V' — WH/ZH model B multi-channel 36.1 V' mass 293 Tev av=3 171206518
L _ LRSM W - th multichannel %1 [wmase 325TeV ceRnEP 2018142
© L _| T Clooes T e - e |a stV 1, Toscerzr
q) S cittaq 2en - - 31 A 400TeV 1, 1707.02424.
- — Gl deu 21b21) Yes %1 A 257Tev Cul= 4 CeRNEP2015-17¢
< 80F - I TR R
N - _ B | Colored scalar mediator DiracDM) O ey 1-4]  Yes 361 [moas 167TeV 41,0, m(1) = 1 GeV 171103801
Wy EFT (Dirac DM) Oep T4 <1]  Yes 32 M. 700 GeV m(y) <150 GeV' 1608.02372
GJ ] S scairta2gen 24 i - 32 |LQmass 1.05TeV B=1 160506035
— 60 — — Scalar L 3" gon tew 1633 ves 203 -0 1s0s 04735
C - 5 20 VLQTT - HE/Ze/Wh+ X multichannel 6.1 |Tmass 137Tev SU(2) doudlet ATLAS CONF-2018-032
. N 1z §  WO0BE- WozorX  mutchame w1 |Bmass 134TV U2 dor ATLAS CONF 2015032
I 8  VIQTsaTsalTsn— We+X 2SS)23eu>1b21) Yos 361 |Tyamass 1.64TeV B(Toa - We)=1,c(TsaWe)=1 | CERN-EP-2018-171
o— — - = > VY - Wbt X feu =21b>1 Yes 32 |Vmass 144 TeV B(Y - Wh)= 1, c(YW)=1/\3 | ATLAS.CONF-2016.072
1] 40 - I § V0B HbiX Oem2y 21621 Yos 798 |Bmass 1.21 TeV =05 ATLAS GONF 2015.024
e = B VLQQQ — WqWq Ten 24]  Yes 203 1509.04261
(@] @ 85 Exitedquarka’ - ag 2 370 |atmass 60Tev oty and o, A= m(a') 170308127
— - 8 S eciedquarka —ay 1y 1j - 367 |atmas 53TeV only  and ', A = m(q") 1709.10440
|_ | A = 5 Exciedquarkb” - bg - 1b1j - 361 |brmass 26TeV 180509209
g 8 | Excilodlepton Sew - - s A= 30T 14112021
— -1 © Type lll Seesaw Ten  22]  Yes 798 | Nomass 560 GeV ATLAS CONF 2018020
L |3 LRSM Majorana 2eu 2 - 203 (W) = 246V, no miing 1506.06020
Higgs triplet - 234e.u(SS) - - 36.1 H* mass 870 GeV DY production 171009748
- | | | | | | — S Higgs tiplet H** — (r sewr - - 23 DY producton, B(H{* — ) = 1 111201
! T | | | | | S rovaon onrespron vei 1b ws 9 g
Mulicharged partles - - - 3 OV producton. = 5e 150404188
Magnetc monopoles - - - 70 DY proucton. e = 1go. spn /2 | 1508.08050
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Backup
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e: ~75 - 90% efficiency
muon: ~90% efficiency

b tagging: ~57% efficiency
~ 0.2% fake efficiency
from light jets

Efficiency & resolution
dependents on the

The ATLAS Detector

Numbers of electronic

1.2 % 106 190’000 Channels
Muon Detectors Electromagnetic Calorimeters 3,600
; Forward Calorimeters
Solenoid

End Cap Toroid

selection criteria - ;’
| i
i Inner Detector v ieldi
Bame! Torid Hadronic Calorimeters ShisiEing
145 x 106 10,000
_ Excellent reconstruction efficiency and resolution:
46 m long, Overall weight: 7000 Tons Electron, muon, track, jets, b-tagging & missing transverse energy
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